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Description 

The  present  invention  relates  to  the  decoding  or  demodulating  of  binary  signals,  and  in  particular 
signals  that  convey  the  binary  information  by  means  of  frequency  modulation,  for  example  by  encoding  in 

5  a  Manchester  type  format.  More  specifically,  the  present  invention  relates  to  the  decoding  of  two  or  more 
binary  signals  that  can  be  read  at  different  and  varying  speeds,  for  example  time  codes  that  are  read  from 
two  or  more  variable  velocity  tape  recorders. 

In  the  recording  of  information  on  magnetic  tape,  it  is  often  necessary,  and  desirable,  to  record 
separate  pieces  of  information  on  separate  tapes  that  are  subsequently  played  back  together  to  reproduce 

10  the  recorded  information.  For  example,  in  the  recording  of  a  live  performance  the  visual  information  might 
be  recorded  by  means  of  a  videotape  recorder  while  the  accompanying  audio  information  is  recorded  with 
an  audio  tape  recorder.  During  playback,  it  is  necessary  to  ensure  that  the  two  tapes  on  which  the 
information  is  recorded  are  in  synchronism,  to  accurately  reproduce  the  information  as  recorded.  In  order 
to  effect  such  synchronism,  a  time  code  is  typically  recorded  on  each  tape  along  with  the  visual  or  audio 

15  information  of  interest.  The  time  code  indicates,  for  example,  the  portion  of  the  tape  that  is  being  presented 
to  the  magnetic  writing  and  reading  heads  of  the  recorder. 

The  time  code  information  generally  comprises  a  binary  signal  that  is  recorded  on  the  magnetic  tapes. 
One  type  of  binary  coding  format  that  has  been  found  to  be  quite  suitable  for  use  in  this  context  is  a  format 
that  is  effectively  a  frequency  modulation  technique  known  as  Manchester  coding.  In  formats  within  this 

20  family  of  codes,  the  binary  signal  comprises  a  series  of  bit  cells,  each  of  which  contains  one  bit  of  binary 
information.  Each  bit  cell  in  the  signal  is  distinguished  from  the  immediately  preceding  bit  cell  by  a 
transition  in  the  signal,  i.e.  a  switching  from  one  voltage  level  to  another.  The  binary  information  itself  is 
conveyed  by  means  of  the  presence  or  absence  of  a  transition  within  each  bit  cell.  For  example,  a  transition 
occurring  approximately  near  the  middle  of  a  bit  cell  can  be  indicative  of  the  true,  or  binary  one  state,  and 

25  the  absence  of  a  transition  can  be  indicative  of  the  other  binary  state,  i.e.  false  or  binary  zero. 
Other  codes  within  this  same  general  format  may  convey  the  binary  information  by  means  of  the 

placement  of  the  transition  within  the  bit  cell,  e.g.  within  the  first  one-third  of  the  bit  cell  to  convey  one 
binary  state  and  within  the  last  one-third  to  indicate  the  other  state.  Still  other  codes  utilize  selective 
suppression  of  transitions  within  the  signal  to  increase  storage  density.  Examples  of  this  lattertype  of  code, 

30  known  as  the  Miller  code,  and  derivatives  thereof  are  disclosed  in  U.S.  Patents  Nos.  3,108,261;  4,027,335 
and  4,234,897. 

The  advantages  of  using  this  type  of  coding  format  for  the  time  code  on  magnetic  recording  tape  lie  in 
the  fact  that  it  is  a  self-clocking  signal  and  that  the  D.C.  content  of  the  signal  is  not  relied  upon  to  convey  the 
binary  state  information.  More  particularly,  since  each  bit  ceil  within  the  signal  is  distinguished  from  the 

35  others  by  means  of  a  transition  in  the  signal,  there  is  no  need  to  provide  a  separate  clocking  signal  that 
indicates  when  each  piece  of  binary  information  is  being  presented.  Furthermore,  since  it  is  only  necessary 
to  determine  whether  or  where  a  transition  occurs  within  a  bit  cell  to  derive  the  binary  state  information 
from  the  signal,  the  D.C.  content  of  the  signal,  i.e.  the  absolute  voltage  level  of  the  signal,  is  not  a  critical 
factor.  This  latter  consideration  becomes  particularly  significant  in  magnetic  tape  recording  environments, 

40  since  the  characteristics  of  magnetic  tape  are  such  that  the  actual  voltage  level  of  a  signal  may  be  frequency 
dependent,  and  hence  subject  to  change  as  the  transition  rate  varies.  Even  a  reversal  of  the  polarity  of  the 
signal  does  not  affect  the  demodulation  process  with  this  type  of  signal. 

Generally,  it  is  a  relatively  simple  task  to  read  a  time  code  that  is  indicated  by  a  binary  signal  in  this  type 
of  code  format,  to  thereby  determine  the  position  of  the  tape.  However,  reading  can  present  a  difficult 

45  problem  when  the  tape  undergoes  changes  in  speed,  which  can  occur  quite  frequently  when  one  tape  is 
being  run  at  a  speed  dependent  on  the  position  of  another.  More  particularly,  the  problem  in  reading  this 
format  is  occasioned  by  the  fact  that  the  length,  i.e.  time  duration,  of  each  bit  cell  varies  as  the  speed  of  the 
tape  is  varied,  and  the  signal  is  essentially  asynchronous.  For  example,  when  the  tape  is  running  at  one 
particular  speed,  each  bit  cell  might  have  a  duration  of  one  millisecond.  Therefore,  to  determine  the  binary 

so  information  contained  in  the  signal  it  is  only  necessary  to  determine  whether  or  where  transitions  occur  in 
the  signal  within  less  than  one  millisecond  of  each  other.  However,  if  the  tape  is  then  slowed'  down  to  one 
half  its  previous  speed,  each  bit  cell  will  have  a  duration  of  two  milliseconds  and  therefore  a  transition 
occurring  within  a  bit  cell  might  not  be  detected  if  one  is  looking  for  transitions  that  occur  within  less  than 
one  millisecond  of  each  other.  Conversely,  if  the  tape  speeds  up  to  a  point  where  each  bit  cell  has  a 

55  duration  of  1/2  millisecond  or  less,  then  all  transitions  will  occur  within  less  than  one  millisecond  of  each 
other  and  the  resulting  information  that  is  obtained  will  be  erroneous. 

Accordingly,  in  order  to  successfully  detect  a  binary  time  code  that  is  encoded  in  a  frequency 
modulation  type  format,  it  is  necessary  to  be  able  to  establish  the  length  of  a  bit  cell  within  the  binary 
signal,  and  to  be  able  to  adjust  the  length  of  the  established  bit  cell  in  accordance  with  variations  in  speed 

60  of  the  magnetic  tape  to  thereby  properly  detect  transitions  occurring  within  bit  cells. 
One  type  of  demodulator  for  decoding  a  Manchester  format  time  code  recorded  on  a  variable  speed 

magnetic  tape  is  disclosed  in  U.S.  Patent  No.  4,040,100.  The  operation  of  that  demodulator  is  based  upon 
the  comparison  of  the  intervals  between  successive  transitions  in  the  time  code  signal  to  determine  one  of 
three  states  related  to  the  information  in  the  signal.  The  principle  of  operation  of  this  system  provides  a 

65  reliable  method  for  decoding  a  time  code  signal,  and  it  is  desirable  to  improve  upon  the  concepts  disclosed 



EP  0  181  517  B1 

in  that  patent.  More  particularly,  while  the  system  disclosed  in  the  patent  is  successful,  it  is  not  without 
attendant  limitations.  Foremost  among  these  limitations  is  the  fact  that  a  relatively  high  number  of 
integrated  circuit  chips  are  required  to  produce  a  practical  implementation  of  the  system.  This  requirement 
is  due  to  the  high  number  of  logic  functions  performed  by  the  circuit.  In  addition,  a  separate  demodulator  is 

5  required  to  decode  each  different  time  code  signal,  i.e.  there  is  a  one-to-one  relationship  between 
demodulators  and  recorders,  because  of  relatively  slow  processing  times. 

Furthermore,  the  comparison  of  successive  time  intervals  in  the  manner  described  in  U.S.  Patent  No. 
4040100  can  result  in  decoding  errors  when  certain  types  of  noise  or  disturbances  affect  the  time  code 
signal.  For  example,  a  skewing  of  the  tape  on  which  the  time  code  is  recorded  can  result  in  a  transition 

10  being  detected  relatively  near  the  end  of  a  bit  cell,  rather  than  near  its  middle.  In  such  a  case,  one  pulse  in 
the  bit  cell  will  appear  to  be  twice  as  long  as  the  other  pulse,  and  could  result  in  an  erroneous  indication 
since  they  should  be  detected  as  pulses  of  approximately  the  same  length. 

In  us  A—  39021  29  is  described  a  decoder  which  employs  two  ramp  generators  with  sample  and  hold 
devices  for  determining  the  lengths  of  successive  pulses  in  a  binary  signal  and  for  comparing  the  lengths  to 

15  determine  whether  there  is  between  them  a  significant  difference  which  can  be  interpreted  as  a  change  in 
binary  state.  The  present  invention  employs  digital  counting  of  clock  pulses  for  the  measurement  of  pulse 
lengths  in  a  binary  signal  and  particularly  concerns  the  problem  of  clock  pulse  counts  that  may  be  too  high 
°r  According  to  the  invention  there  is  provided  apparatus  for  decoding  a  binary  signal  that  comprise  a 

20  series  of  bit  cells,  each  of  which  contains  one  bit  of  binary  information,  comprising  means  for  detecting 
transitions  in  the  binary  signal;  a  counter  responsive  to  said  transition  detector  for  counting  the  number  of 
clock  pulses  that  are  produced  by  a  source  of  clock  pulses  between  a  pair  of  successive  transitions  to 
thereby  determine  the  length  of  a  pulse  in  said  binary  signal;  a  memory  unit  for  storing  the  total  length  of 
the  bit  cell  immediately  preceding  said  pulse;  means  for  comparing  the  determined  pulse  length  with  the 

'  
25  stored  bit  cell  length  and  for  providing  an  indication  relating  to  whether  there  is  a  significant  difference  in 

the  length  of  said  pulse  relative  to  that  of  said  bit  cell;  and  means  responsive  to  the  indication  from  said 

comparing  means  for  providing  an  output  signal  related  to  the  binary  state  that  said  pulse  represents; 
characterised  by  a  second  source  of  clock  pulses  and  a  switching  device  responsive  to  the  number  of  clock 
pulses  counted  by  said  counter  for  selectively  enabling  the  clock  pulses  from  one  of  said  sources  to  be 

30  supplied  to  said  c o u n t e r . . .  
The  invention  also  provides  a  method  for  decoding  a  binary  signal,  comprising  establishing  the  length 

of  a  bit  cell  in  the  binary  signal;  determining  the  length  of  a  succeeding  pulse  in  the  binary  signal  by 
detecting  two  successive  transitions  in  the  binary  signal,  generating  a  clock  signal,  and  counting  the 
number  of  clock  pulses  appearing  between  the  two  detected  transitions;  comparing  the  determined  pulse 

35  length  to  the  established  bit  cell  length;  indicating  the  ratio  of  the  two  compared  lengths  relative  to  a 
predetermined  threshold  value;  providing  an  indication  that  the  binary  signal  represents  one  or  the  other 
binary  state  in  response  to  whether  or  not  the  ratio  is  greater  than  said  threshold  value;  and  updating  the 
established  bit  cell  length  in  accordance  with  the  determined  length  of  at  least  said  pulse;  characterised  by 
changing  the  frequency  of  said  clock  signal  when  the  counted  number  of  clock  pulses  lies  outside  a 

40  predetermined  range. 

Brief  description  of  the  drawings  _ 
Figure  1  is  a  timing  diagram  illustrating  a  binary  signal  encoded  in  one  particular  Manchester  format 

and  the  principles  of  the  present  invention  that  are  used  to  detect  the  binary  information  contained  within 

45  the  signal;  ,  ,  .  x  . . .  
Figures  2a  and  2b,  taken  together,  are  a  block  circuit  diagram  of  a  demodulator  circuit  for  decoding 

information  contained  in  two  different  binary  time  code  signals;  and  . . . . .  
Figure  3  is  a  block  circuit  diagram  of  a  preferred  embodiment  of  the  comparator  illustrated  in  block 

form  in  Figure  2b. 
50 

Detailed  description 
In  the  following  detailed  description  of  the  preferred  embodiment  of  the  present  invention,  reference  is 

made  thereto  in  the  context  of  decoding  two  time  code  signals  recorded  on  magnetic  storage  tapes,  to 
facilitate  an  understanding  of  the  application  of  the  invention.  To  further  facilitate  an  understanding  of  the 

55  invention  the  operation  of  the  illustrated  embodiment  is  described  with  regard  to  the  decoding  of  one 
particular  type  of  binary  signal.  It  will  be  appreciated,  however,  that  the  application  of  the  invention  is  not 
so  limited,  and  that  it  can  be  practically  utilized  in  a  variety  of  environments  requiring  the  decoding  of  one 
or  more  synchronous  or  asynchronous  binary  signals. 

A  binary  signal  that  is  encoded  in  one  type  of  code  format  within  the  Manchester  family  of  codes  is 
60  illustrated  in  Figure  1  a.  The  signal  comprises  a  series  of  bit  cells  that  are  distinguished  from  one  another  by 

transitions  in  the  amplitude  of  the  signal.  The  various  bit  cells  are  denoted  in  Figure  1a  by  the  dashes 
appearing  below  the  binary  signal.  It  will  be  observed  that  the  amplitude  of  the  signal  is  constant  within 
each  of  the  first  three  bit  cells,  but  that  the  signal  undergoes  transitions  within  the  next  two  bit  cells.  One  bit 
of  binary  information  is  contained  within  each  bit  cell,  and  the  binary  state  of  that  bit  is  indicated  by  the 

65  presence  or  absence  of  a  transition  within  the  bit  cell.  Thus,  in  the  example  illustrated  in  Figure  1a,  the  first 

20 

25 
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three  bit  cells  in  the  binary  signal  represent  binary  zero  states,  and  the  next  two  bit  cells  each  indicate  the 
binary  one  state.  This  particular  type  of  Manchester  code  is  known  as  biphase  mark  modulated. 

A  binary  signal  encoded  in  this  format  is  relatively  simple  to  decode  when  read  in  a  synchronous 
fashion.  Basically,  all  that  is  required  is  a  measurement  of  the  time  lapse  between  the  first  two  detected 

5  transitions  in  the  signal,  to  establish  the  length  of  the  bit  cell.  Once  this  value  is  determined,  it  is  then  only 
necessary  to  look  for  transitions  occurring  within  each  bit  cell.  If  a  pulse  indicative  of  the  binary  one  state  is 
the  first  pulse  to  be  detected,  then  the  length  of  the  bit  cell  could  be  erroneously  established  at  half  of  the 
actual  length  of  a  bit  cell.  However,  this  situation  will  be  quickly  detected,  since  no  transitions  will  occur  in 
less  than  this  amount  of  time,  and  therefore  the  signal  will  appear  to  consist  of  only  binary  zeros.  Once  this 

H>  fact  is  recognized  the  bit  cell  length  determination  is  repeated  until  the  proper  bit  cell  length  is  established. 
After  this  is  done,  the  decoding  of  the  signal  can  continue  relatively  error  free. 

However,  when  the  binary  signal  is  being  read  asynchronously,  rather  than  synchronously,  for 
example  due  to  variations  in  magnetic  tape  speed,  all  bit  cells  in  the  signal  are  not  of  the  same  length.  Thus 
it  will  be  appreciated  that  the  foregoing  method  for  decoding  the  binary  signal  will  not  operate 

15  satisfactorily. 
In  accordance  with  the  present  invention,  a  fixed  bit  cell  length  value  is  not  employed  to  determine  the 

binary  information  contained  within  each  bit  cell  of  the  signal.  Rather,  the  length  of  each  pulse  in  the  signal 
is  compared  with  that  of  the  preceding  bit  cell  to  determine  whether  there  is  a  significant  difference  in  their 
lengths.  As  used  in  the  context  of  this  disclosure,  the  term  "significant  difference"  or  "significant  change" 

20  is  intended  to  refer  to  the  condition  wherein  the  ratio  of  the  length  of  the  pulse  relative  to  the  bit  cell  is 
closer  to  a  value  of  one  half  than  it  is  to  unity.  In  the  preferred  embodiment  of  the  invention,  a 
determination  is  made  whether  the  ratio  of  the  length  of  the  pulse  relative  to  that  of  the  bit  cell  lies  above  or 
below  a  threshold  value  of  0.7  (seven  tenths).  If  the  ratio  is  below  the  threshold  significant  change  is 
presumed  to  have  occurred. 

25  To  determine  the  relative  lengths  of  two  adjacent  pulses  in  the  binary  signal,  each  transition  in  the 
signal  is  detected  and  the  time  lapse  between  successive  transitions  is  measured.  This  function  can  be 
accomplished,  for  example,  by  differentiating  the  binary  signal  to  produce  a  signal  such  as  that  illustrated 
in  Figure  1b.  This  signal  is  then  rectified  to  produce  a  signal  of  the  type  shown  in  Figure  1c,  which 
comprises  a  series  of  impulses  indicating  each  transition  in  the  binary  signal.  The  time  lapse  between 

30  adjacent  impulses  is  counted  with  a  high  frequency  clock  signal.  For  example,  the  rectified  signal  of  Figure 
1c  can  be  used  to  reset  and  start  a  counter  that  counts  the  number  of  pulses  in  the  high  frequency  signal. 
This  situation  is  represented  by  the  signal  of  Figure  of  1d,  wherein  the  number  of  pulses  appearing  in  each 
pulse  burst  is  representative  of  the  length  of  a  pulse  in  the  binary  signal.  The  number  of  pulses  appearing  in 
each  pulse  burst  is  denoted  in  Figure  1  by  the  reference  terms  C1rC2,  C3....The  number  of  pulses  appearing 

35  in  the  most  recently  generated  pulse  burst  is  compared  with  a  count  related  to  the  previous  bit  cell  to 
determine  whether  a  significant  change  has  occurred  in  the  binary  signal. 

Table  1  below  provides  an  example  of  the  counts  that  might  be  obtained  from  the  binary  signal  of 
Figure  1a  when  it  is  read  in  a  synchronous  fashion,  e.g.  the  magnetic  tape  on  which  the  signal  is  recorded  is 
running  at  a  constant  speed  so  that  each  bit  cell  has  the  same  length: 

40 
TABLE  1 

C-|  C2  C3  C4  C5  Cg  C7  Cs  C9  C-|g 

45  Count  100  102  101  50  48  51  49  99  101  100 

Change  —  0 0 1 — 1 — 0   0 0  

It  can  be  seen  that  the  first  three  counts  obtained  from  the  binary  signal  are  each  approximately  equal, 
50  with  a  difference  of  one  or  two  pulses  being  insignificant  over  a  total  count  of  approximately  100  pulses. 

However,  C4  is  only  approximately  half  the  value  of  C3.  Therefore,  it  is  recognized  that  a  significant  change 
in  the  length  of  a  pulse  relative  to  the  preceding  bit  cell  has  occurred.  In  this  case  the  length  of  the 
preceding  bit  cell  is  established  by  the  length  of  the  preceding  pulse  in  the  signal,  i.e.  C3.  The  significant 
change  is  indicated  by  the  first  positive  going  pulse  in  the  signal  illustrated  in  Figure  1e. 

55  It  will  be  appreciated  that  the  count  appearing  after  a  significant  change  has  been  detected,  for 
example,  Cs,  is  not  indicative  of  a  new  bit  of  binary  information.  Rather,  it  relates  to  the  remainder  of  the  bit 
cell  in  which  the  pulse  appeared  that  signified  the  significant  change.  Therefore,  the  length  of  a  pulse  that  is 
determined  immediately  following  the  detection  of  a  significant  change  is  not  compared  with  that  of  the 
immediately  preceding  pulse,  but  rather  is  added  thereto  to  establish  the  length  of  the  bit  cell  for 

60  comparison  with  the  next  detected  pulse. 
The  indication  of  significant  changes  occurring  in  the  information  contained  within  the  binary  signal 

can  be  used  to  provide  a  suitable  signal  related  to  this  binary  information.  For  example,  it  can  be  used  to 
produce  a  binary  signal  of  the  type  illustrated  in  Figure  1f,  wherein  the  binary  zero  state  is  indicated  by  a 
low  D.C.  level  and  the  binary  one  state  as  indicated  by  a  high  D.C.  level. 

65  The  foregoing  method  enables  the  binary  information  contained  within  a  signal  encoded  in  a 
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frequency  modulation  type  format  to  be  accurately  determined  regardless  of  the  speed  at  which  the  binary 
signal  is  presented  to  a  receiving  device.  For  example.  Table  2  indicates  the  counts  that  might  be  obtained 
by  the  signal  of  Figure  1a  when  it  is  read  at  a  speed  that  is  faster  than  that  represented  by  the  example 
indicated  in  Table  1: 

TABLE  2 

-3  C4  C5  C6  C7 

to  Count  70  71  70  33  35  32  34  69  71  71 

Change  - 0 0 1 - 1 - 0 0 0  

As  can  be  seen  from  Table  2,  the  count  obtained  with  each  pulse  is  proportionately  less  due  to  the 
«  shortened  length  of  that  pulse.  However,  the  ratio  of  the  length  of  each  pulse  to  that  of  the  preceding  bit  cell 

remains  the  same,  so  that  it  is  possible  to  determine  whether  a  significant  change  has  occurred. 
Similarly  in  the  case  in  which  the  rate  at  which  the  binary  signal  is  being  read  increases  or  decreases, 

for  example  due  to  acceleration  or  deceleration  of  the  magnetic  tape  on  which  the  signal  is  recorded,  the 
binary  information  contained  within  the  signal  can  be  obtained  through  the  foregoing  method.  Such  a 

20  condition  is  exemplified  by  the  results  depicted  in  Table  3,  which  relate  to  the  situation  in  which  the  tape  is 
accelerating  at  a  very  rapid  rate  so  that  the  length  of  each  subsequent  bit  cell  gets  progressively  shorter. 

TABLE  3 

25  d  C2  C3  C4  Cs  C6  C7  C8  C9  C10  Cn  C12  C13 

Count  200  180  160  70  60  50  40  75  70  65  30  27  50 

Change  -   0 0 1 - 1 - 0 0 0 1 - 0  
30 

In  the  results  illustrated  in  Table  3,  it  will  be  noted  that  the  count  C4,  representative  of  the  length  of  a 
short  pulse  corresponding  to  a  transition  within  a  bit  cell,  is  approximately  the  same  as  counts  C8,  C9  and 
C10,  which  relate  to  the  full  lengths  of  bit  cells.  However,  by  comparing  each  count  only  with  that  of  the 
immediately  preceding  bit  cell  count,  errors  occasioned  by  changes  in  the  length  of  a  bit  cell  are  negated.  In 

35  other  words,  rather  than  looking  at  the  absolute  value  of  the  count  for  each  pulse,  the  value  of  each  pulse 
count  relative  to  that  of  the  preceding  bit  cell  count  is  the  determinative  factor  in  detecting  transitions 
within  a  bit  cell. 

A  demodulator  circuit  for  implementing  the  foregoing  method  in  accordance  with  the  present 
invention  is  illustrated  in  block  diagram  form  in  Figures  2a  and  2b.  The  particular  circuit  illustrated  in  these 

40  figures  is  designed  to  decode  two  frequency  modulated  binary  signals  MAST  and  SLAV.  For  example, 
these  two  signals  might  be  the  time  code  signals  from  a  master  tape  recorder  and  a  secondary  tape 
recorder  whose  speed  is  to  be  synchronized,  or  slaved,  to  that  of  the  master  tape  recorder.  The  binary 
information  contained  in  each  of  the  two  time  code  signals  is  obtained  therefrom  and  separately  supplied 
to  a  suitable  transport  control  mechanism  (not  shown)  that  adjusts  the  speed  of  the  slaved  tape  recorder  in 

45  accordance  with  the  time  code  signal  obtained  from  the  master  tape  recorder  to  insure  that  they  run  in 
s y n c h r o n i s m . . .  

Referring  to  Figure  2a,  the  time  code  signal  SLAV  is  provided  as  an  input  signal  to  a  transition  detector 
and  timing  circuit  10.  This  circuit  produces  an  output  signal  TR  that  indicates  when  a  transition  in  the  time 
code  signal  occurs.  For  example,  this  output  signal  can  be  in  the  form  of  the  signal  illustrated  in  Figure  1c. 

50  The  transition  signal  TR  is  applied  as  a  reset  signal  to  a  counter  12.  A  clock  signal  SCLK  (referenced  in  the 
lower  right  hand  portion  of  Figure  2A)  is  applied  to  the  input  terminal  of  the  counter,  which  counts  the 
number  of  pulses  in  the  clock  signal  occurring  between  successive  transition  signals  to  produce  counts  of 
the  type  depicted  in  Figure  1d. 

At  the  end  of  each  counting  period,  the  count  is  transferred  into  a  latch  circuit  14  before  the  counter  12 
55  is  cleared  by  a  transition  signal  from  the  detector  and  timing  circuit  1  0.  The  transition  output  signal  TR  from 

the  detector  and  timing  circuit  10  also  provides  a  clock  input  signal  to  a  memory  unit  16.  The  memory  unit 
receives  the  count  that  was  previously  stored  in  the  latch  circuit  14.  Thus,  the  latch  circuit  14  contains  a 
count  indicative  of  the  length  of  the  most  recently  measured  pulse  in  the  SLAV  input  signal,  and  the 

memory  circuit  16  contains  a  count  relating  to  the  length  of  the  previous  one  or  two  pulses  in  the  input 
eo  signal.  These  two  counts  are  presented  as  output  signals  PRES  and  PREV,  respectively,  upon  the 

production  of  a  timing  signal  ST1  from  the  detector  and  timing  circuit  10  that  is  applied  to  the  output  enable 
terminals  of  the  latch  circuit  14  and  the  memory  unit  16. 

In  a  similar  fashion,  the  master  time  code  signal  MAST  is  presented  to  a  transition  detector  and  timing 
circuit  18  that  controls  a  counter  20,  a  latch  circuit  22  and  a  memory  unit  24  to  provide  output  signals 

65  indicative  of  the  length  of  the  present  pulse  and  the  previous  bit  cell  in  the  master  time  code  signal.  In  the 

a 
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embodiment  illustrated  in  Figure  2a,  the  timing  signal  ST1  from  the  transition  detector  and  timing  circuit  10 
for  the  SLAV  signal  also  controls  the  output  of  information  from  the  latch  circuit  22  and  the  memory  unit  24 
for  the  MAST  signal.  More  specifically,  the  ST1  timing  signal  is  provided  to  one  input  terminal  of  a  NAND 
gate  26  whose  other  input  terminal  is  biased  to  a  high  potential.  The  output  terminal  of  the  NAND  gate  26  is 

5  connected  to  the  enable  input  terminals  of  the  latch  circuit  22  and  the  memory  unit  24.  In  the  arrangement 
illustrated  in  Figure  2a,  the  latch  circuit  22  and  memory  unit  24  for  the  MAST  signal  are  normally  enabled  to 
provide  output  signals,  except  when  the  ST1  timing  signal  from  the  SLAV  timing  circuit  10  goes  low,  in 
which  case  these  two  circuits  are  disabled  and  the  latch  circuit  14  and  memory  unit  16  for  the  SLAV  signal 
are  enabled  to  provide  output  signals.  In  this  fashion,  the  output  signals  representative  of  the  lengths  of  the 

10  present  pulse  and  the  previous  bit  cell  in  both  the  MAST  and  SLAV  time  code  signals  are  multiplexed  on 
common  PRES  and  PREV  output  lines. 

In  the  event  that  a  transition  occurs  in  each  of  the  MAST  and  SLAV  signals  at  precisely  the  same  time, 
an  arbitrator  circuit  28  is  provided  to  selectively  enable  only  one  of  the  pulse  length  determining  circuits  to 
provide  an  output  signal.  In  the  arrangement  illustrated  in  Figure  2a,  the  arbitrator  28  comprises  a  logic 

/5  circuit  that  gives  priority  to  the  pulse  length  determining  circuits  for  the  SLAV  signal  when  a  transition 
occurs  in  both  the  SLAV  and  MAST  signals  at  the  same  time.  In  operation,  if  both  of  the  transition  detector 
and  timing  circuits  10  and  18  produce  ST1  and  MT1  timing  signals  simultaneously,  the  latch  and  memory 
circuits  22  and  24  will  be  disabled  through  the  operation  of  the  NAND  gate  26.  In  addition,  the  ST1  timing 
signal  from  the  SLAV  transition  detector  and  timing  circuit  10  disables  a  NAND  gate  30  within  the  arbitrator 

20  circuit  28  to  thereby  interrupt  the  presentation  of  a  clock  signal  CLK1  to  the  detector  and  timing  circuit  18  for 
the  MAST  signal.  Thus,  the  status  of  this  circuit  is  held  while  the  ST1  timing  signal  from  the  SLAV  timing 
circuit  10  remains  low.  The  presentation  of  a  clock  signal  to  the  MAST  timing  circuit  18  is  continued  as  soon 
as  the  ST1  timing  signal  from  the  SLAV  detector  and  timing  circuit  10  goes  high,  so  that  processing  of  the 
MAST  signal  can  resume.  Interruption  in  the  operation  of  one  of  the  pulse  length  determining  circuits  may 

25  result  in  the  loss  of  one  or  two  counts  relating  to  the  next  succeeding  pulse  in  that  signal.  However,  as 
illustrated  previously  in  the  tables  exemplifying  various  counts  for  a  signal,  the  loss  of  a  relatively  few 
number  of  counts  is  insignificant  as  long  as  the  frequency  of  the  clock  signal  that  is  applied  to  the  counters 
12  and  20  is  sufficiently  high. 

The  arbitrator  circuit  28  also  temporarily  interrupts  the  presentation  of  clock  pulses  to  the  detector  and 
30  timing  circuit  10  for  the  SLAV  signal  whenever  the  detector  and  timing  circuit  18  for  the  MAST  signal 

produces  a  MT1  timing  pulse.  Thus,  if  a  transition  occurs  in  the  SLAV  signal  while  the  length  of  a  pulse  in 
the  MAST  signal  is  being  determined,  this  piece  of  information  will  not  be  lost  and  the  processing  of  the 
SLAV  signal  can  resume  as  soon  as  the  MAST  pulse  length  determining  circuit  resumes  operation  to  detect 
the  length  of  the  next  pulse  in  that  signal. 

35  The  PRES  and  PREV  output  signals  from  the  pulse  length  determining  circuits  are  provided  as  input 
signals  to  a  comparator  32  that  operates  in  the  manner  described  previously  to  compare  the  information  in 
the  PRES  input  signal,  representative  of  the  length  of  one  pulse,  with  that  of  the  PREV  signal,  representative 
of  the  length  of  the  previous  bit  cell,  and  to  provide  an  output  signal  that  indicates  whether  a  significant 
difference  in  the  two  compared  lengths  is  present.  Alternatively,  the  comparator  can  provide  an  output 

40  signal  that  directly  indicates  whether  a  binary  one  or  binary  zero  has  been  detected,  rather  than  merely 
indicate  whether  a  significant  change  has  occurred.  The  circuit  illustrated  in  Figure  2b  is  designed  for  this 
latter  situation. 

In  the  described  embodiment  of  the  present  invention,  the  comparator  32  determines  whether  the  ratio 
of  the  present  and  previous  counts  exceeds  the  value  of  0.7.  Ideally,  the  ratio  of  the  two  counts  is  either 

45  approximately  0.5  or  1.0  for  a  signal  of  the  type  illustrated  in  Figure  la.  However,  transitions  do  not  always 
occur  precisely  in  the  center  of  a  bit  cell,  due  to  practical  limitations  of  magnetic  tape  and  transition 
detection  circuitry.  For  example,  the  relative  lengths  of  the  two  short  pulses  that  comprise  a  binary  one  bit 
cell  can  be  in  the  ratio  of  3:7.  Based  upon  empirical  determinations,  it  has  been  found  that  the  use  of  a  value 
of  about  0.7  provides  the  most  reliable  results  in  this  situation. 

so  The  output  signal  STAT  from  the  comparator  32  that  is  indicative  of  the  binary  state  of  either  of  the 
MAST  or  SLAV  signals  is  provided  to  the  D  input  terminal  of  two  D  flip-flops  34  and  36.  The  two  flip-flops 
are  clocked  and  cleared  by  appropriate  timing  signals  from  the  detector  and  timing  circuits  10  and  18, 
respectively.  For  example,  the  flip-flop  34  receives  a  clock  signal  MT2  from  the  MAST  detector  and  timing 
circuit  18  that  enables  it  to  read  the  STAT  output  signal  from  the  comparator  32  and  provide  an  output 

55  signal  MAST'  indicative  of  the  detected  binary  state  of  the  MAST  signal.  Thereafter,  the  flip-flop  34  is 
cleared  by  another  timing  signal  MT3  from  the  MAST  detector  and  timing  circuit  18.  In  a  similar  fashion  the 
flip-flop  36  is  controlled  by  timing  signals  ST2  and  ST3  from  the  SLAV  detector  and  timing  circuit  10  to 
provide  an  output  signal  SLAV  indicative  of  the  binary  state  of  the  SLAV  time  code  signal.  In  this  fashion, 
the  STAT  output  signal  from  the  comparator  is  demultiplexed  to  provide  two  separate  information  output 

60  signals.  These  signals  can  be  supplied  to  an  appropriate  transport  control  circuit  to  control  the  speed  of  the 
slaved  tape  recorder  relative  to  the  time  code  from  the  master  tape  recorder. 

In  addition  to  providing  an  output  signal  indicative  of  the  binary  state  of  the  measured  input  signal,  the 
comparator  also  preferably  indicates  when  the  counts  indicated  by  the  PRES  and  PREV  signals  are  too  high 
or  too  low.  For  example,  if  the  number  of  counts  in  the  input  signals  to  the  comparator  32  are  relatively  low, 

65  the  comparator  may  not  be  provided  with  sufficient  information  to  make  an  intelligent  decision  as  to 
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whether  a  significant  difference  is  present  in  the  two  counts.  For  example,  in  the  extreme  case  where  one  of 
the  input  signals  is  a  binary  3  and  the  other  is  a  binary  2,  the  ratio  of  the  two  counts  is  less  than  0.7,  and 
therefore  the  comparator  would  indicate  a  change  in  state  of  the  binary  signal.  However,  it  will  be  observed 
that  the  actual  difference  in  the  two  input  signals  is  only  one  clock  pulse  and  it  may  be  possible  that  two 

5  pulses  in  the  binary  signal  are  of  the  same  length,  but  their  transitions  were  positioned  relative  to  the  clock 
pulses  so  that  only  two  clock  pulses  were  measured  during  one  pulse  and  three  were  measured  during  the 
next  pulse.  In  such  a  situation,  it  is  preferable  to  increase  the  frequency  of  the  clock  signal  that  is  applied  to 
the  counter  of  the  pulse  length  determining  circuit. 

To  accomplish  this  function,  a  switch  38  responsive  to  a  binary  input  signal  is  provided  with  clock 
10  signals  CLK2  and  CLK3  at  two  different  frequencies.  For  example,  one  of  these  clock  signals  might  be  at  a 

frequency  of  31.25  KHZ  and  the  other  can  be  at  500  KHZ.  A  LOW  output  signal  is  produced  by  the 
comparator  32  when  the  measured  counts  are  too  low,  and  is  applied  to  the  D  input  terminal  of  two  D 
flip-flops  40  and  42.  When  the  counts  related  to  one  of  the  time  code  signals,  for  example  the  SLAV  signal, 
are  indicated  to  be  low,  the  flip-flop  42  is  clocked  by  the  ST2  timing  signal  from  the  SLAV  detector  and 

is  timing  circuit  1  0  to  receive  the  LOW  input  signal.  The  flip-flop  42  in  turn  provides  a  signal,  e.g.  a  binary  one, 
to  the  switch  38  indicating  that  a  change  from  the  low  frequency  clock  to  the  high  frequency  clock  is 
needed.  In  response  to  this  signal,  the  switch  38  connects  the  higher  frequency  clock  signal,  for  example 
CLK3,  to  an  output  terminal  that  provides  the  clock  signal  SCLK  to  the  counter  for  the  SLAV  signal.  In  a 
similar  fashion,  the  flip-flop  40  is  operated  in  response  to  the  MT2  timing  signal  from  the  MAST  detector 

20  and  timing  circuit  18  to  indicate  when  a  change  from  a  low  frequency  to  a  high  frequency  clock  signal  MCLK 
is  required. 

Similarly,  it  is  desirable  to  switch  from  the  high  frequency  to  the  low  frequency  signal  whenever  the 
counts  presented  to  the  comparator  32  reach  the  top  end  of  a  preferred  range  or  window  of  counts.  This  top 
end  of  the  range  may  be  determined  according  to  the  capacity  of  the  counters  12  and  20,  so  that  as  the 

25  binary  input  signals  slow  down  and  the  lengths  of  the  pulses  increase,  the  contents  of  the  counters  will  not 
be  exceeded,  causing  them  to  overflow.  In  this  situation,  the  comparator  32  provides  an  output  signal  HIGH 
indicating  that  a  change  from  high  frequency  to  low  frequency  counting  pulses  is  required.  This  output 
signal  also  enables  the  flip-flops  40  and  42  to  be  clocked  when  the  appropriate  timing  signal  ST2  or  MT2 
from  the  detector  and  timing  circuits  10  and  18  is  provided.  However,  in  this  situation,  the  LOW  output 

30  signal  from  the  comparator  32  will  be  in  a  low  state,  thus  resulting  in  a  change  in  the  state  of  the  flip-flop, 
which  is  provided  to  the  switch  38  to  cause  the  appropriate  frequency  clock  signal  to  be  provided  to  the 
counter  of  the  pulse  length  determining  circuit. 

In  addition  to  being  controlled  by  the  HIGH  and  LOW  output  signals  from  the  comparator  32,  the 
flip-flops  40  and  42  can  also  be  directly  responsive  to  the  output  signals  from  the  counters  12  and  20.  For 

35  example,  a  signal  related  to  the  state  of  the  most  significant  bit  for  each  of  the  output  signals  of  the  SLAV 
counter  12  and  the  MAST  counter  20  can  be  differentiated  by  means  of  in-line  capacitors  44  and  46, 
respectively,  and  this  signal  applied  to  one  input  terminal  of  an  EXCLUSIVE-OR  gate  48,  50.  The  output 
terminals  of  these  EXCLUSIVE-OR  gates  are  connected  to  the  clear,  or  reset,  input  terminals  of  the  flip-flops 
40  and  42.  Thus,  whenever  the  contents  of  one  the  counters  reaches  a  state  such  that  the  most  significant 

40  bit  in  the  output  signal  from  the  counter  goes  high,  a  reset  pulse  will  be  applied  to  the  associated  flip-flop 
40  or  42  to  cause  the  flip-flop  to  be  reset  to  a  state  that  indicates  that  a  low  frequency  clock  signal  is 
required. 

As  discussed  previously  with  respect  to  the  signals  illustrated  in  Figure  1,each  bit  cell  indicative  of  the 
binary  one  state  contains  two  pulses,  which  results  in  two  counts,  for  example  C4  and  C5,  being  produced 

45  to  indicate  one  bit  of  binary  information.  If  each  pulse  were  compared  against  the  immediately  preceding 
pulse,  an  erroneous  indication  of  the  binary  information  in  the  input  signal  could  be  provided.  For  example, 
if  the  count  C5  is  compared  against  C4,  an  indication  of  no  change  will  be  provided,  which  could  be 
interpreted  to  mean  that  a  second  bit  of  binary  information  is  being  detected.  However,  in  reality,  these  two 
counts  taken  together  relate  to  only  one  bit  of  information. 

so  In  order  to  compensate  for  this  situation,  it  is  desirable  to  integrate  the  two  counts  representing  a 
binary  one  bit.  To  carry  out  this  function,  the  MAST'  and  SLAV  signals  produced  by  the  flip-flops  34  and  36 
are  fed  back  to  the  appropriate  detector  and  timing  circuits  10  and  18.  These  feedback  signals  function  as 
inhibit,  or  disable,  signals  whenever  the  comparator  indicates  that  the  present  pulse  relates  to  a  binary  one. 
This  inhibit  signal  prevents  the  transition  signal  TR  from  being  presented  to  the  counter  and  memory  units 

55  of  the  pulse  length  determining  circuit.  For  example,  referring  to  the  signals  illustrated  in  Figure  1,  when 
the  transition  within  the  first  bit  cell  that  signifies  the  binary  one  state  occurs,  the  ST1  timing  signal  from 
the  detector  and  timing  circuit  10  enables  the  latch  circuit  12  to  read  the  contents  of  the  counter,  i.e.  C4,  at 
this  point,  and  enables  the  latch  circuit  12  and  the  memory  unit  14  to  provide  output  signals  relating  to  the 
counts  C4  and  C3,  respectively.  These  counts  are  compared  in  the  comparator  32,  which  provides  an 

60  indication  that  the  binary  one  state  has  been  detected.  This  indication  is  fed  back  to  the  transition  detector 
and  timing  circuit  10  by  means  of  the  SLAV  signal,  which  inhibits  the  TR  signal  from  being  produced.  Thus, 
instead  of  being  reset,  the  counter  14  continues  to  count  during  the  bit  cell  until  the  next  transition  is 
detected.  At  this  point,  the  transition  signal  TR  is  produced  to  reset  the  counter,  since  the  flip-flop  36  has 
been  reset  by  means  of  the  ST3  timing  signal  from  the  timing  circuit  10.  Consequently,  at  this  point  the 

65  contents  of  the  counter  is  equal  to  the  sum  of  the  C4  and  C5  counts.  In  other  words,  the  counter  provides  an 
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indication  of  the  total  length  of  the  bit  cell  in  which  these  two  counts  were  produced.  Thus,  when  the 
transition  signal  TR  is  generated,  the  information  that  is  transferred  from  the  latch  circuit  14  to  the  memory 
unit  16  is  the  total  length  of  the  bit  cell,  rather  than  just  the  length  of  one  pulse  within  the  bit  cell.  Hence,  the 
comparator  32  is  able  to  compare  the  length  of  the  most  recently  measured  pulse  against  that  of  the 

5  previously  measured  bit  cell. 
The  comparison  of  a  pulse  with  the  integrated  length  of  the  immediately  preceding  bit  cell,  rather  than 

merely  the  preceding  pulse,  provides  a  reliable  method  for  reducing  errors  caused  by  some  types  of  noise. 
For  example,  skewing  of  the  magnetic  tape  during  recording  or  playback  can  cause  a  transition  to  be 
detected  at  a  point  other  than  near  the  center  of  a  bit  cell.  The  counts  C3—  C7  for  the  signal  illustrated  in 

10  Figure  1  d  could  be  100,  65,  35,  65,  35,  respectively.  When  C4  (65)  is  compared  with  C3  (100),  a  binary  one  will 
be  properly  detected.  Then,  in  the  next  bit  cell,  if  C6  (65)  is  compared  only  with  the  immediately  preceding 
pulse  count  C5  (35),  a  binary  zero  might  improperly  be  indicated  since  C6  is  approximately  double  Cs. 
However,  by  comparing  C6  with  the  total  length  of  the  preceding  bit  cell,  i.e.  C4+C5,  a  binary  one  will 
properly  be  detected. 

15  This  integration  technique  is  also  particularly  useful  for  reducing  errors  that  might  be  occasioned  by  a 
time  code  signal  that  is  not  properly  equalized  during  the  recording  or  playback  process. 

The  comparator  32  can  be  any  suitable  conventional  comparator  that  is  capable  of  comparing  the  PRES 
input  signal  against  the  PREV  signal  and  providing  an  output  signal  that  indicates  the  binary  zero  or  binary 
one  state  in  dependence  upon  whether  the  two  compared  input  signals  are  approximately  equal  or  in  the 

20  ratio  of  1  :2,  respectively.  A  preferred  embodiment  of  such  a  comparator  is  illustrated  in  block  diagram  form 
in  Figure  3.  This  embodiment  particularly  relates  to  the  situation  in  which  the  PRES  and  PREV  input  signals 
are  each  8-bit  binary  signals  that  are  provided  to  the  comparator  in  parallel.  However,  it  will  be  appreciated 
that  the  comparator  is  capable  of  operating  upon  input  signals  containing  a  lesser  or  greater  number  of 
bits. 

25  The  comparator  illustrated  in  Figure  3  includes  a  memory  section  comprised  of  three  memory  units, 
preferably  programmable  read-only  memories  (PROMs),  that  receive  the  PRES  and  PREV  signals  as  input 
signals.  One  of  the  memory  units,  a  high-order  PROM  52,  receives  input  information  relating  to  the  four 
most  significant  bits  in  each  of  the  PRES  and  PREV  signals.  Another  one  of  the  memory  units,  a  low-order 
PROM  54,  receives  the  other  four  bits  of  information,  i.e.  the  least  significant  bits  of  each  of  the  two  input 

30  signals.  The  third  memory  unit,  a  mid-order  PROM  56,  receives  the  four  bits  of  each  input  signal  having  a 
middle  value  of  significance,  i.e.  the  third,  fourth,  fifth  and  sixth  bits  of  each  signal. 

The  high-order  PROM  provides  an  output  signal  that  indicates  one  of  three  conditions  dependent  upon 
the  information  contained  in  the  input  signals.  For  example,  in  the  situation  in  which  PREV  indicates  the 
total  count  of  240  and  PRES  indicates  a  count  of  128,  the  binary  signals  provided  to  the  comparator  are  as 

35  shown  below: 

PRES—  128  1 0   0  0  0  0  0  0 
PREV—  240  1 1 1 1 0   0  0  0 

40  In  this  case  the  high-order  PROM  52  will  be  comparing  the  signal  1000  to  the  signal  1111.  This 
information  is  sufficient  to  determine  that  the  ratio  of  the  two  numbers  is  closer  to  one  half  than  it  is  to  one. 
Thus,  a  binary  one  signal  has  been  detected,  and  the  high-order  PROM  52  produces  an  output  signal  H1 
related  to  this  binary  state.  In  addition,  it  also  produces  an  output  signal  H2  to  disable  the  mid-order  PROM 
56,  which  in  turn  disables  the  low-order  PROM  54.  In  this  example,  since  all  of  the  most  significant  bits  of 

45  the  PREV  signal  are  high,  the  PROM  would  also  produce  an  output  signal  H3  to  indicate  that  the  count  is  too 
high  and  that  a  lower  frequency  clock  signal  is  required. 

In  the  situation  in  which  the  counts  related  to  the  lengths  of  the  pulses  in  the  binary  signal  are  much 
lower,  the  high-order  PROM  52  will  not  be  provided  with  sufficient  information  to  make  a  determination  of 
the  relative  lengths  of  the  two  pulses.  For  example,  if  the  present  count  is  1  5  and  the  previous  count  is  1  6, 

so  the  PRES  and  PREV  input  signals  will  be  as  indicated  below: 

PRES—  15  0  0  0  0  1 1 1 1  
PREV—  16  0  0  0  1 0   0  0  0 

55  In  this  case,  the  high-order  PROM  52  would  attempt  to  compare  a  binary  one  signal  with  a  binary  zero 
signal.  This  is  insufficient  information  to  make  an  accurate  determination,  and  so  the  high-order  PROM  52 
should  relinquish  control  over  the  decision  making  process  and  enable  the  mid-order  PROM  56  to  make  the 
decision  and  indicate  the  detected  binary  state.  The  mid-order  PROM  56  is  enabled  by  the  H2  output  signal 
from  the  high-order  PROM  52.  The  relinquishing  of  control  by  the  high-order  PROM  52  is  indicated  by  an 

60  output  signal  H4. 
The  mid-order  PROM  56  would  be  comparing  a  binary  4  signal  to  a  binary  3  signal  and,  based  upon  this 

information,  would  provide  an  indication  that  no  significant  difference  is  present  and  therefore  the  binary 
zero  state  has  been  detected.  This  indication  is  provided  by  the  M1  output  signal  from  the  mid-order  PROM 
56.  Since  the  mid-order  PROM  has  sufficient  information  to  make  a  decision,  it  disables  the  low-order 

65  PROM  54  by  means  of  an  output  signal  M2.  However,  if  the  mid-order  PROM  is  also  without  sufficient 

8 
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information  to  make  an  accurate  determination,  it  operates  in  a  similar  fashion  to  the  high-order  PROM  to 

relinquish  control  over  the  decision  making  process  and  enable  the  low-order  PROM  54  to  provide  an 
output  signal  L1  indicating  the  detected  state  of  the  binary  signal.  The  low-order  PROM  54  is  enabled  by 
means  of  an  enabling  signal  M2  from  the  mid-order  PROM,  which  also  signifies  that  it  is  relinquishing 

5  control  by  means  of  an  output  signal  M4. 
The  L1  output  signal  from  the  low-order  PROM  54  is  directly  applied  to  one  input  terminal  of  a  digital 

switch  58  The  M1  and  H1  output  signals  of  the  mid-  and  high-order  PROMs  56  and  52,  respectively,  are 
applied  to  input  terminals  of  the  switch  58  by  means  of  EXCLUSIVE-OR  gates  60  and  62.  When  the 

high-order  PROM  52  has  sufficient  information  to  make  a  decision,  the  switch  58  connects  the  output 
10  terminal  of  the  EXCLUSIVE-OR  gate  62  to  its  output  terminal  to  provide  the  decision  made  by  the 

high-order  PROM  as  a  STAT  output  signal.  If  the  high-order  PROM  52  does  not  have  sufficient  information 

to  render  a  decision  and  relinquishes  control,  its  output  signal  H4  causes  the  switch  58  to  connect  its  output 
terminal  to  the  input  terminal  connected  to  the  EXCLUSIVE-OR  gate  60.  If  the  mid-order  PROM  56  also 

relinquishes  control  over  the  decision  making  process,  its  output  signal  M4  causes  the  switch  58  to  connect 
is  the  STAT  output  terminal  to  the  input  terminal  that  receives  the  L1  output  signal  from  the  low-order  PROM 

54 
The  H4  and  M4  signals  from  the  high-  and  mid-order  PROMs  52  and  56  are  also  provided  to  the  input 

terminals  of  an  AND  gate  64.  When  both  PROMs  relinquish  control  over  the  decision  making  process,  the 
AND  gate  64  is  enabled  and  provides  an  input  signal  to  a  second  AND  gate  66.  The  AND  gate  66  also 

20  receives  an  output  signal  L2  from  the  low  order  PROM  54  that  indicates  when  the  counts  provided  to  that 
PROM  are  low  and  a  switching  to  a  high  frequency  clock  signal  is  required.  In  response  to  these  two 
enabling  signals,  the  AND  gate  66  provides  the  LOW  output  signal  that  is  fed  to  the  flip-flops  40  and  42. 

The  H1  ,  M1  and  L1  output  signals  from  the  PROMs  52,  54  and  56  are  indicative  of  the  binary  state  of  the 
MAST  or  SLAV  input  signal,  depending  on  whether  the  ratio  of  the  two  numbers  to  be  compared  is  less 

25  than  or  greater  than  a  threshold  value.  As  discussed  previously,  the  preferred  value  that  is  used  in  the 
context  of  the  present  invention  is  0.7.  When  the  ratio  of  the  numbers  being  provided  to  the  PROMs  for 
comparison  is  relatively  close  to  0.5  or  1  .0,  the  determination  by  a  single  PROM  that  the  ratio  is  less  than  or 
greater  than  the  threshold  value  is  highly  reliable.  However,  when  the  ratio  of  the  two  counts  is  quite  close 
to  the  threshold  value,  the  reliability  of  the  indication  of  whether  the  binary  information  in  the  bit  cell  of  the 

30  signal  is  a  zero  or  a  one  decreases.  This  consideration  becomes  particularly  significant  when  the  counts 
provided  to  the  PROMs  are  relatively  low. 

For  example,  consider  the  two  situations  in  which  the  ratios  to  be  detected  are  1  12:172  and  124:160. 
The  input  signals  provided  to  the  PROMs  will  be  as  indicated  below: 

35  PRES—  112  0  1 1 1 0   0  0  0 
PREV—  172  1 0   1 0   1 1 0   0 

PRES—  124  0  1 1 1 1 1 0   0 
PREV—  160  1  0  1  0  0  0  0  XT~ 

40 
The  input  signals  provided  to  the  high-order  PROM  will  be  the  same  in  both  cases.  In  other  words,  the 

four  most  significant  bits  of  each  number,  that  are  provided  to  the  high-order  PROM,  will  be  in  the  ratio 
7:10,  which  lies  exactly  at  the  threshold  value.  Assuming  that  this  value  must  be  exceeded  in  order  to 
indicate  a  binary  zero  level,  the  high-order  PROM  will  provide  an  output  signal  indicating  that  a  binary  one 

45  state  has  been  detected.  However,  this  output  signal  will  only  be  correct  in  the  first  case,  wherein  the  ratio 
112:172  is  equal  to  approximately  0.65.  For  the  second  case,  the  ratio  124:160  is  equal  to  approximately 
0.77,  and  hence  a  binary  zero  level  should  be  indicated.  Consequently,  it  is  desirable  to  be  able  to  look  at  the 
next  two  digits  in  the  PRES  and  PREV  signals  to  determine  the  binary  state  of  the  input  signal.  In  other 
words,  it  would  be  helpful  to  obtain  information  from  the  next  lower  order  PROM  to  aid  in  a  determination 

so  of  whether  the  indication  of  the  binary  state  provided  by  the  high-order  PROM  52  is  correct  or  should  be 
modified. 

Upon  analysis  of  those  situations  in  which  it  is  desirable  to  obtain  modification  information  from  the 
mid-order  PROM,  it  has  been  discovered  that  the  two  pairs  of  input  signals  that  are  common  to  both  the 
high-  and  mid-order  PROMs,  i.e.  the  fifth  and  sixth  bits  in  the  sequence,  are  unique  for  each  situation.  For 

55  example,  in  the  situation  depicted  in  the  preceding  example,  these  two  pairs  of  bits  are  11,10  for  the  PRES 
and  PREV  signals,  respectively.  In  another  situation  of  this  type,  for  example  where  the  ratio  presented  to 
the  high-order  PROM  is  6:9,  the  two  pairs  of  bits  are  10,01.  Each  situation  in  which  it  is  desirable  to  obtain 
aid,  or  modification  information,  from  the  mid-order  PROM  has  a  unique  address  in  that  PROM.  Thus  for 
each  situation  it  is  possible  for  the  mid-order  PROM  to  provide  a  unique  signal  indicative  of  whether  the  H1 

60  output  signal  from  the  high-order  PROM  is  correct  or  should  be  modified  on  the  basis  of  the  other  two  pairs 
of  bits  presented  to  it.  In  other  words,  the  third  and  fourth  bits  in  each  input  signal  determine  whether  the 
indication  from  the  high-order  PROM  is  correct. 

A  modification  signal  M3  from  the  mid-order  PROM  56  is  provided  to  the  other  input  terminal  of  the 
EXCLUSIVE-OR  gate  62.  This  input  terminal  is  normally  biased  to  the  high  state,  so  that  the  output  signal  of 

65  the  EXCLUSIVE-OR  gate  62  is  normally  the  complement  of  the  H1  signal  stored  in  the  high-order  PROM. 
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Accordingly  the  H1  signal  from  the  high-order  PROM  should  be  the  compliment  of  the  actual  detected  state 
of  the  binary  signal,  so  that  when  it  is  inverted  in  the  EXCLUSIVE-OR  gate  62  it  is  presented  as  the 
appropriate  signal  to  the  switch  58.  However,  if  the  mid-order  PROM  modification  signal  M3  indicates  that 
the  decision  made  by  the  high-order  PROM  52  is  incorrect,  for  example  as  explained  above  in  the  case 

s  where  the  ratio  of  the  signals  is  124:160,  the  M3  signal  will  be  low  and  the  EXCLUSIVE-OR  gate  62  will  not 
invert  the  output  signal  H1  from  the  high-order  PROM  52.  Thus,  the  signal  that  is  presented  to  the  switch  58 
is  the  inverse  of  the  decision  indicated  by  the  high-order  PROM  52. 

Thus  it  will  be  apparent  that  there  are  three  types  of  conditions  that  the  high-order  PROM  is  capable  of 
indicating.  The  first  of  these  is  that  the  most  significant  bits  of  the  PRES  and  PREV  signals  provide  sufficient 

10  information  to  make  a  decision  as  to  the  binary  information  contained  in  the  measured  bit  cell  of  the  binary 
input  signal,  and  an  indication  of  this  information  is  provided.  In  this  situation,  both  the  mid-  and  low-order 
PROMs  are  disabled  and  have  no  influence  upon  the  decision  making  process.  In  the  second  case,  the 
high-order  PROM  does  not  receive  sufficient  information  to  render  a  decision  and  therefore  relinquishes 
control  over  the  decision  making  process  and  enables  the  mid-order  PROM  56.  In  the  third  case,  the 

is  high-order  PROM  has  enough  information  to  make  a  probable  decision  about  the  binary  state  of  the  input 
signal,  but  such  decision  is  not  totally  reliable.  In  this  case,  the  high-order  PROM  does  not  relinquish 
control  over  the  decision  making  process,  but  it  does  enable  the  mid-order  PROM  to  provide  an  output 
signal.  This  output  signal  from  the  mid-order  PROM  is  capable  of  modifying  that  of  the  high-order  PROM  so 
that  the  appropriate  signal  is  provided  to  the  switch  58. 

20  The  same  relationship  exists  between  the  mid-order  PROM  56  and  the  low-order  PROM  54,  so  that  the 
low-order  PROM  provides  an  output  signal  L3  to  the  EXCLUSIVE-OR  gate  60  whenever  the  mid-order 
PROM  provides  a  probable  output  decision  that  may  require  modification. 

Reference  may  be  made  to  co-pending  European  patent  application  of  even  date  herewith,  entitled 
"Ratio  Comparator  for  Digital  Signals"  and  based  on  United  States  Patent  Application  No.  364793,  for 

25  further  information  regarding  the  makeup  and  theory  of  operation  of  the  comparator  illustrated  in  Figure  3. 
From  the  foregoing,  it  will  be  appreciated  that  the  present  invention  can  provide  a  reliable  and  accurate 

method  and  system  for  decoding  the  binary  information  in  a  digital  signal.  The  decoding  of  the  information 
is  independent  of  the  speed  at  which  the  binary  signal  is  read,  so  that  variations  in  the  length  of  the  bit  cells 
of  the  signal  do  not  have  an  adverse  affect  upon  the  decoding  process.  The  invention  is  particularly  useful 

30  in  the  decoding  of  time  code  signals  that  are  recorded  on  magnetic  storage  tape. 
The  illustrated  embodiment  discloses  the  decoding  of  two  time  code  signals  with  the  use  of  two  pulse 

length  determining  circuits  whose  output  signals  are  multiplexed  to  the  comparator.  However,  it  will  be 
appreciated  that  a  larger  number  of  signals  can  be  decoded  with  one  system  of  the  type  disclosed  herein.  It 
is  only  necessary  to  add  a  pulse  length  determining  circuit  for  each  separate  signal  to  be  decoded.  The 

35  number  of  signals  that  can  be  decoded  is  practically  limited  only  by  the  processing  time  of  the  comparator 
circuit.  For  example,  the  average  processing  time  of  the  comparator  illustrated  in  Figure  3  might  be  in  the 
neighborhood  of  100  nsec.  It  has  been  determined  that  up  to  eight  different  time  code  signals  can  be 
reliably  decoded  in  a  single  decoding  circuit  with  such  processing  time.  Therefore,  it  is  possible  to  slave  up 
to  seven  different  recorders  to  one  master  recorder  with  a  single  decoding  circuit.  If  the  processing  time  of 

40  the  comparator  is  reduced  further,  the  number  of  signals  that  can  be  decoded  can  be  correspondingly 
increased. 

Furthermore,  the  invention  is  not  limited  to  the  decoding  of  a  signal  of  the  type  illustrated  in  Figure  1a. 
For  example,  if  the  binary  information  is  conveyed  by  the  location  of  a  transition  within  a  bit  cell,  rather 
than  its  presence  or  absence,  the  threshold  value  of  the  comparator  can  be  established  to  distinguish 

45  between  different  locations. 
Alternatively,  the  comparator  can  be  set  up  to  detect  two  or  more  threshold  values.  For  example,  in  the 

previously  noted  Miller  code  described  in  U.S.  Patent  No.  3,108,261,  the  length  of  a  bit  cell  is  the  length  of 
the  shortest  pulse  in  the  signal,  rather  than  the  longest  one  as  in  a  Manchester  type  of  code.  Other  pulses  in 
the  signal  can  have  a  length  of  1-1/2  or  2  times  that  of  the  bit  cell.  The  comparator  can  be  set  up  to  detect 

so  either  of  these  other  two  situations,  as  well  as  pulses  that  are  of  the  same  length  as  a  bit  cell.  In  addition,  the 
timing  circuit  can  disable  the  transfer  of  pulse  length  information  to  the  memory  unit  except  when  a  pulse 
is  detected  that  is  approximately  the  same  length  as  that  previously  determined  for  a  bit  cell,  to  thereby 
update  the  bit  cell  information. 

55  Claims 

1  .  Apparatus  for  decoding  a  binary  signal  that  comprise  a  series  of  bit  cells,  each  of  which  contains  one 
bit  of  binary  information,  comprising  means  (10)  for  detecting  transitions  in  the  binary  signal;  a  counter 
(20)  responsive  to  said  transition  detector  for  counting  the  number  of  clock  pulses  that  are  produced  by  a 

60  source  of  clock  pulses  (CLK  2)  between  a  pair  of  successive  transitions  to  thereby  determine  the  length  of  a 
pulse  in  said  binary  signal;  a  memory  unit  (16)  for  storing  the  total  length  of  the  bit  cell  immediately 
preceding  said  pulse;  means  (32)  for  comparing  the  determined  pulse  length  with  the  stored  bit  cell  length 
and  for  providing  an  indication  relating  to  whether  there  is  a  significant  difference  in  the  length  of  said 
pulse  relative  to  that  of  said  bit  cell;  and  means  (36)  responsive  to  the  indication  from  said  comparing 

65  means  for  providing  an  output  signal  related  to  the  binary  state  that  said  pulse  represents;  characterised  by 

10 
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a  second  source  of  clock  pulses  (CLK  3)  and  a  switching  device  (38)  responsive  to  the  number  of  clock 

pulses  counted  by  said  counter  for  selectively  enabling  the  clock  pulses  from  one  of  said  sources  to  be 

supplied  to  said  c o u n t e r . .  
2  Apparatus  according  to  claim  1  wherein  said  counter  (20)  is  normally  reset  in  response  to  the 

5  detection  of  each  transition  in  the  binary  signal,  and  wherein  said  transition  detector  (10)  is  inhibited  from 

providing  an  output  signal  indicating  the  detection  of  the  next  transition  to  thereby  prevent  the  resetting  of 
said  counter  when  said  output  signal  providing  means  (36)  indicates  that  said  one  binary  state  has  been 
detected  whereby  said  counter  determines  the  total  length  of  two  successive  pulses. 

3  Apparatus  according  to  claim  1  or  2  wherein  said  comparing  means  (32)  includes  means  for 

10  indicating  whether  the  ratio  of  the  two  compared  lengths  exceeds  a  predetermined  threshold  value. 
4  Apparatus  according  to  claim  3  wherein  said  threshold  value  is  approximately  0.7. 
5  Apparatus  according  to  any  of  claims  1  to  4  wherein  said  comparing  means  includes  a  high-order 

memory  unit  (52)  for  receiving  input  information  relating  to  the  most  significant  data  concerning  each  of 
the  pulse  lengths  to  be  compared  and  providing  an  output  signal  that  signifies  one  of  (a)  a  definite 

is  indication  whether  a  significant  difference  is  present,  (b)  a  probable  indication  of  whether  a  significant 
difference  is  present,  and  (c)  a  lack  of  sufficient  data  to  determine  whether  a  significant  difference  is 
present-  a  mid-order  memory  unit  (56)  for  receiving  input  information  relating  to  data  containing  some  of 
the  most  significant  data  and  some  of  the  least  significant  data  concerning  each  of  the  two  lengths  to  be 
compared  and,  in  response  to  a  signal  from  said  high-order  memory  unit  signifying  either  of  conditions  (b) 

20  or  (c),  providing  an  output  signal  that  signifies  one  of  (d)  a  definite  indication  of  whether  a  significant 
difference  is  present,  (e)  a  probable  indication  of  whether  a  significant  difference  is  present,  and  (f)  a  lack  of 
sufficient  data  to  determine  whether  a  significant  difference  is  present,  and  a  signal  indicating  the  validity 
of  a  probable  indication  from  said  high-order  memory  unit;  a  low-order  memory  unit  (54)  for  receiving 
input  information  relating  to  the  least  significant  data  concerning  each  of  the  two  lengths  to  be  compared 

25  and  in  response  to  a  signal  from  said  mid-order  memory  unit  signifying  either  of  conditions  (e)  and  (f), 
providing  an  output  signal  that  signifies  whether  a  significant  difference  is  present  and  a  signal  indicating 
the  validity  of  a  probable  indication  from  said  mid-order  memory  unit;  and  switching  means  (58) 
responsive  to  the  output  signals  from  each  of  said  memory  units  for  transmitting  to  said  output  signal 
providing  means  an  indication  relating  to  whether  a  significant  difference  has  been  detected. 

30  6  Apparatus  according  to  claim  5  wherein  said  low-order  memory  unit  (54)  also  provides  a  control 
signal  to  cause  said  switching  device  to  switch  from  the  lower  frequency  clock  pulses  to  the  higher 
frequency  clock  pulses  in  response  to  predetermined  input  information. 

7  Apparatus  according  to  claim  6  wherein  said  high-order  memory  unit  (52)  also  provides  a  control 

signal  to  cause  said  timing  device  to  switch  from  the  higher  frequency  clock  pulses  to  the  lower  frequency 
35  clock  pulses  in  response  to  predetermined  input  information. 

8  Apparatus  according  to  any  of  claims  5  to  7  wherein  said  switching  means  (58)  includes  a  logic 
circuit  for  modifying  a  probable  indication  signal  from  said  high-order  memory  unit  in  response  to  an 
invalid  indication  from  said  mid-order  memory  unit,  and  for  modifying  a  probable  indication  signal  from 
said  mid-order  memory  unit  in  response  to  an  invalid  indication  from  said  low-order  memory  unit. 

40  9  A  method  for  decoding  a  binary  signal,  comprising  establishing  the  length  of  a  bit  cell  in  the  binary 
signai;  determining  the  length  of  a  succeeding  pulse  in  the  binary  signal  by  detecting  two  successive 
transitions  in  the  binary  signal,  generating  a  clock  signal,  and  counting  the  number  of  clock  pulses 
appearing  between  the  two  detected  transitions;  comparing  the  determined  pulse  length  to  the  established 
bit  cell  length;  indicating  the  ratio  of  the  two  compared  lengths  relative  to  a  predetermined  threshold 

45  value-  providing  an  indication  that  the  binary  signal  represents  one  or  the  other  binary  state  in  response  to 
whether  or  not  the  ratio  is  greater  than  said  threshold  value;  and  updating  the  established  bit  cell  length  in 
accordance  with  the  determined  length  of  at  least  said  pulse;  characterised  by  changing  the  frequency  of 
said  clock  signal  when  the  counted  number  of  clock  pulses  lies  outside  a  predetermined  range. 

10  A  method  according  to  claim  9  wherein  said  predetermined  threshold  value  is  0.7. 
so  11.  A  method  according  to  claim  9  or  10  further  including  the  step  of  selectively  inhibiting  the 

determination  of  the  length  of  a  pulse  when  one  of  said  binary  states  is  indicated. 
12.  A  method  according  to  any  of  claims  9  to  11  wherein  the  binary  signai  is  encoded  in  a  Manchester 

type  format. 
13.  A  method  according  to  any  of  claims  9  to  12  wherein  said  indication  is  independent  of  the  speed  at 

55  which  the  binary  signal  is  read. 

Patentanspriiche 

1  Anordnung  zur  Decodierung  eines  Binarsignais,  das  eine  Folge  von  Bitzellen  aufweist,  von  denen 

so  iede  ein  binares  Informationsbit  enthalt,  mit  Mitteln  (10)  zur  Detektierung  von  Spriingen  im  B.narsignal, 
einem  vom  Sprungdetektor  angesteuerten  Zahler  (20)  zur  Zahlung  der  Anzahl  von  Taktimpulsen,  welche 

durch  eine  Quelle  fur  Taktimpulse  (CLK  2)  zwischen  einem  Paar  voneinanderfolgenden  Sprungen  erzeugt 
werden,  urn  damit  die  Lange  eines  Impulses  im  Binarsignal  festzulegen,  einer  Spe.cheremheit  (16)  zur 
Speicherung  der  Gesamtlange  der  dem  Impuls  unmittelbar  vorhergehenden  Bitzelle,  Mitteln  (32)  zum 

65  Vergleich  der  festgelegten  Impulslange  mit  der  gespeicherten  Bitzellenlange  sowie  zur  Realisierung  einer 

20 

25 

60 

65  Vergleicn  aer  Testgeiegien  impmsidnye  imhuci  yc^i 
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sich  auf  den  Sachverhalt  beziehenden  Anzeige,  ob  ein  ins  Gewichtfallender  Unterschied  in  der  Lange  des 
Impulses  in  Bezug  auf  die  Bitzelle  vorhanden  ist,  und  mit  auf  die  Anzeige  von  den  Vergleichsmitteln 
ansprechenden  Mitteln  (36)  zur  Erzeugung  eines  Ausgangssignals,  das  auf  den  durch  den  Impuls 
reprasentierten  Binarzustand  bezogen  ist,  gekennzeichnet  durch  eine  zweite  Quelle  von  Taktimpulsen  (CLK 

5  3)  und  durch  eine  Schalteranordnung  (38),  welche  auf  die  Anzahl  der  durch  den  Zahler  gezahlten 
Taktimpulse  anspricht,  um  die  Zufuhrung  von  Taktimpulsen  von  einer  der  Quellen  gelieferten  Impulse  an 
den  Zahler  wirksam  zu  schalten. 

2.  Anordnung  nach  Anspruch  1,  in  welcher  der  Zahler  (20)  normaierweise  als  Funktion  der 
Detektierung  jedes  Sprungs  im  Binarsignal  ruckgesetzt  wird,  und  in  welcher  der  Sprungdetektor  (10) 

10  hinsichtlich  der  Erzeugung  eines  die  Detektierung  des  nachsten  Sprungs  anzeigenden  Ausgangssignals 
gesperrt  wird,  um  dadurch  das  Rucksetzen  des  Zahlers  zu  verhindern,  wenn  die  das  Ausgangssignal 
anzeigenden  Mittel  (36)  anzeigen,  daK  ein  Binarzustand  detektiert  worden  ist,  wodurch  der  Zahler  die 
Gesamtlange  zweier  aufeinanderfolgender  Impulse  festlegt. 

3.  Anordnung  nach  Anspruch  1  oder  2,  in  welcher  die  Vergleichsmittel  (32)  Mittel  zur  Anzeige 
is  enthalten,  ob  das  Verhaltnis  der  beiden  verglichenen  Langen  einen  vorgegebenen  Schwellwert  iibersteigt. 

4.  Anordnung  nach  Anspruch  3,  in  welcher  der  Schwellwert  etwa  gleich  0,7  ist. 
5.  Anordnung  nach  den  Anspruchen  1  bis  4,  in  welcher  die  Vergleichsmittel  folgende  Komponenten 

aufweisen: 
eine  Speichereinheit  (52)  hoher  Ordnung  zur  Aufnahme  einer  Eingangsinformation,  die  sich  auf  die  die 

20  zu  vergleichenden  Impulslangen  betreffenden  hochstwertigen  Daten  beziehen,  sowie  zur  Erzeugung  eines 
Ausgangssignals,  das  (a)  eine  definierte  Anzeige,  ob  ein  ins  Gewicht  fallender  Unterschied  vorhanden  ist, 
(b)  eine  wahrscheinliche  Anzeige,  ob  ein  ins  Gewicht  fallender  Unterschied  vorhanden  ist,  oder  (c)  ein 
Fehlen  von  ausreichenden  Daten  zur  Festlegung,  ob  ein  ins  Gewicht  fallender  Unterschied  vorhanden  ist, 
anzeigt,  eine  Speichereinheit  (56)  mittlerer  Ordnung  zur  Aufnahme  von  Eingangsinformation,  welche  sich 

25  auf  einige  der  hochstwertigen  Daten  enthaltende  Daten  sowie  auf  einige  der  geringswertigen  Daten  jeweils 
betreffend  die  beiden  zu  vergleichenden  Langen  beziehen,  sowie  zur  Erzeugung  eines  Ausgangssignals  als 
Funktion  eines  den  Zustand  (b)  oder  (c)  bezeichnenden  Signals  vom  Speicher  hoher  Ordnung,  das  (d)  eine 
definierte  Anzeige,  ob  ein  ins  Gewicht  fallender  Unterschied  vorhanden  ist,  (e)  eine  wahrscheinliche 
Anzeige,  ob  ein  ins  Gewicht  fallender  Unterschied  vorhanden  ist,  oder  (f)  das  Fehlen  von  ausreichenden 

30  Daten  zur  Bestimmung,  ob  ein  ins  Gewicht  fallender  Unterschied  vorhanden  ist,  bezeichnet,  sowie  eines 
die  Gultigkeit  einer  wahrscheinlichen  Anzeige  vom  Speicher  hoher  Ordnung  anzeigendes  Signal,  und  eine 
Speichereinheit  (54)  geringer  Ordnung,  zur  Aufnahme  von  Eingangsinformation,  die  sich  auf  die 
geringstwertigen  Daten  betreffend  die  beiden  zu  vergleichenden  Langen  bezieht,  sowie  zur  Erzeugung 
eines  Ausgangssignals  als  Funktion  eines  den  Zustand  (e)  oder  (f)  bezeichnenden  Signals  vom  Speicher 

35  mittlerer  Ordnung,  das  angibt,  ob  ein  ins  Gewicht  fallender  Unterschied  vorhanden  ist,  sowie  eines  die 
Gultigkeit  einer  wahrscheinlichen  Anzeige  von  der  Speichereinheit  mittlerer  Ordnung  anzeigenden  Signals, 
und  eine  auf  die  Ausgangssignaie  von  den  Speichereinheiten  ansprechende  Schalteranordnung  (58)  zur 
Ubertragung  einer  Anzeige  auf  die  das  Ausgangssignal  liefernden  Mittel,  welche  sich  auf  die  Detektierung 
eines  ins  Gewicht  fallenden  Unterschiedes  bezieht. 

40  6.  Anordnung  nach  Anspruch  5,  in  welcher  die  Speichereinheit  (54)  geringer  Ordnung  weiterhin  ein 
Steuersignal  liefert,  das  eine  Umschaltung  der  Schalteranordnung  von  Taktimpulsen  kleinerer  Frequenz 
auf  Taktimpulse  hoherer  Frequenz  als  Funktion  einer  vorgegebenen  Eingangsinformation  bewirkt. 

7.  Anordnung  nach  Anspruch  6,  in  welcher  die  Speichereinheit  (52)  hoher  Ordnung  weiterhin  ein 
Steuersignal  beliefert,  das  eine  Umschaltung  der  Zeittaktanordnung  von  Taktimpulsen  hoherer  Frequenz 

45  auf  Taktimpulse  tieferer  Frequenz  als  Funktion  einer  vorgegebenen  Eingangsinformation  bewirkt. 
8.  Anordnung  nach  den  Anspruchen  5  bis  7,  in  welcher  die  Schalteranordnung  (58)  eine  logische 

Schaltungsanordnung  zur  Modifizierung  eines  Signals  fur  eine  wahrscheinliche  Anzeige  von  der 
Speichereinheit  hoher  Ordnung  als  Funktion  einer  ungultigen  Anzeige  von  der  Speichereinheit  mittlerer 
Ordnung  sowie  zur  Modifizierung  eines  Signals  fur  eine  wahrscheiniiche  Anzeige  von  der  Speichereinheit 

so  mittlerer  Ordnung  als  Funktion  einer  ungultigen  Anzeige  von  der  Speichereinheit  geringer  Ordnung 
aufweist. 

9.  Verfahren  zur  Decodierung  eines  binaren  Signals,  das  die  Lange  einer  Bitzelle  in  einem  binaren 
Signal  angibt,  bei  dem  die  Lange  eines  folgenden  Impulses  im  Binarsignal  durch  Detektierung  zweier 
aufeinanderfolgender  Spriinge  im  Binarsignal  festgelegt  wird,  ein  Taktsignal  erzeugt  wird  und  die  Anzahl 

55  der  zwischen  den  beiden  detektierten  Spriingen  auftretenden  Taktimpulse  gezahlt  wird,  die  festgelegte 
Impulslange  mit  der  angegebenen  Bitzellenlange  verglichen  wird,  das  Verhaltnis  der  beiden  verglichenen 
Langen  im  Vergleich  zu  einem  vorgegebenen  Schwellwert  angezeigt  wird,  eine  Anzeige  erzeugt  wird,  date 
das  binare  Signal  als  Funktion  davon,  ob  das  Verhaltnis  grolSer  als  der  Schwellwert  ist  oder  nicht,  einen 
oder  den  anderen  Binarzustand  reprasentiert  und  bei  dem  die  angegebene  Bitzellenlange  als  Funktion  der 

60  festgelegten  Lange  wenigstens  des  Impulses  auf  den  neuesten  Stand  gebracht  wird,  dadurch 
gekennzeichnet,  dalS  die  Frequenz  des  Taktsignals  geandert  wird,  wenn  die  gezahlte  Anzahl  von 
Taktimpulsen  auBerhalb  eines  vorgegebenen  Bereichs  liegt. 

10.  Verfahren  nach  Anspruch  9,  bei  dem  der  vorgegebene  Schwellwert  gleich  0,7  ist. 
11.  Verfahren  nach  Anspruch  9  oder  10,  bei  dem  die  Festlegung  der  Lange  eines  Impulses  selektiv 

65  verhindert  wird,  wenn  einer  der  beiden  Binarzustande  angezeigt  wird. 
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12.  Verfahren  nach  den  Anspriichen  9  bis  11,  bei  dem  das  binare  Signal  gemaS  einem  Manchester- 
Format  codiert  i s t . .  

13.  Verfahren  nach  den  Anspruchen  9  bis  12,  bei  dem  die  Anzeige  unabhangig  von  der  Geschwmdig- 
keit  ist,  mit  welcher  das  binare  Signal  gelesen  wird. 

5 
Revendications 

1.  Appareii  de  decodage  de  signal  binaire  comprenant  une  serie  de  cases  de  bit,  dont  chacune  contient 
un  bit  d'information  binaire,  comportant  un  moyen  (10)  pour  la  detection  de  transitions  du  signal  binaire; 

io  un  compteur  (20)  assurant  en  reponse  audit  detecteur  de  transition  le  comptage  du  nombre  d'impulsions 
d'horloge  engendrees  par  une  source  d'impulsions  d'horloge  (CLK  2)  entre  deux  transitions  successives 

pour  determiner  par  la  la  longueur  d'une  impulsion  dudit  signal  binaire;  une  unite  de  memoire  (16) 
assurant  la  mise  en  memoire  de  la  longueur  totale  de  la  case  de  bit  precedant  immediatement  ladite 
impulsion;  un  moyen  (32)  propre  a  comparer  la  longueur  d'impulsion  determinee  avec  la  longueur  de  case 

is  de  bit  mise  en  memoire  et  a  fournir  une  indication  precisant  s'il  existe  ou  non  une  difference  notable  entre 
la  longueur  de  ladite  impulsion  et  celle  de  la  dite  case  de  bit;  et  un  moyen  (36)  agissant  en  reponse  a 
I'indication  emanant  dudit  moyen  comparateur  pour  fournir  un  signal  de  sortie  lie  a  I'etat  binaire  que 
represente  ladite  impulsion;  caracterise  par  une  seconde  source  d'impulsions  d'horloge  (CLK  3)  et  par  un 
dispositif  de  commutation  (38)  permettant  selectivement,  en  reponse  au  nombre  d'impulsions  d'horloge 

20  comptees  par  ledit  compteur,  I'application  des  impulsions  d'horloge  provenant  de  I'une  desdites  sources 
audit  c o m p t e u r . .   ,  , 

2  Appareii  selon  la  revendication  1  dans  lequel  ledit  compteur  (20)  est  normalement  remis  a  zero  en 
reponse  a  la  detection  de  chaque  transition  du  signal  binaire,  et  dans  lequel  ledit  detecteur  de  transition 
(10)est  empeche  de  fournir  un  signal  de  sortie  indiquant  la  detection  de  la  transition  suivante,  pour 

25  empecher  par  la  la  remise  a  zero  dudit  compteur,  quand  ledit  moyen  de  fourniture  de  signal  de  sortie  (36) 
indique  que  ledit  premier  etat  binaire  a  ete  detecte,  de  sorte  que  ledit  compteur  determine  la  longueur 
totale  de  deux  impulsions  successives. 

3.  Appareii  selon  la  revendication  1  ou  2  dans  lequel  ledit  moyen  comparateur  (32)  comporte  un  moyen 
propre  a  indiquer  si  le  rapport  des  deux  longueurs  companies  depasse  ou  non  une  valeur  de  seuil 

30  determinee. 
4.  Appareii  selon  la  revendication  3  dans  lequel  ladite  valeur  de  seuil  est  approximativement  de  0,7. 
5.  Appareii  selon  I'une  quelconque  des  revendications  1  a  4  dans  lequel  ledit  moyen  comparateur 

comporte  une  unite  de  memoire  d'ordre  de  grandeur  eleve  (52)  destinee  a  recevoir  des  informations 
d'entree  ayant  traite  aux  donnees  les  plus  significatives  concernant  chacune  des  longueurs  d'impulsion  a 

35  comparer  et  fournissant  un  signal  de  sortie  qui  signifie,  soit  (a)  une  indication  nette  de  I'existence  ou  non 
d'une  difference  notable,  soit  (b)  une  indication  probable  de  I'existence  ou  non  d'une  difference  notable, 
soit  (c)  une  absence  de  donnees  suffisantes  pour  determiner  s'il  existe  ou  non  une  difference  notable;  une 
unite  de  memoire  d'ordre  de  grandeur  moyen  (56)  destinee  a  recevoir  des  informations  d'entree  ayant  trait 
a  des  donnees  contenant  certaines  des  donnees  les  plus  significatives  et  certaines  des  donnees  les  moms 

40  significatives  concernant  chacune  des  deux  longueurs  a  comparer  et  a  fournir,  en  reponse  a  un  signal 
emanant  de  ladite  unite  de  memoire  d'ordre  de  grandeur  eleve  signifiant  I'un  ou  I'autre  des  etats  (b)  ou  (c), 
un  signal  de  sortie  qui  signifie  soit  (d)  une  indication  nette  de  I'existence  ou  non  d'une  difference  notable, 
soit  (e)  une  indication  probable  de  I'existence  ou  non  d'une  difference  notable,  soit  (f)  le  manque  de 
donnees  suffisantes  pour  determiner  s'il  existe  une  difference  notable,  et  un  signal  indiquant  la  validite 

45  d'une  indication  probable  emanant  de  ladite  unite  de  memoire  d'ordre  de  grandeur  eleve;  une  unite  de 
memoire  d'ordre  de  grandeur  bas  (54)  destinee  a  recevoir  des  informations  d'entree  ayant  trait  aux 
donnees  les  moins  significatives  concernant  chacune  des  deux  longueurs  d'onde  a  comparer  et  a  fournir, 
en  reponse  a  un  signal  provenant  de  ladite  unite  de  memoire  d'ordre  de  grandeur  moyen  signifiant  de  I'un 
ou  I'autre  des  etats  (e)  et  (f),  un  signal  de  sortie  qui  indique  s'il  existe  une  difference  notable  et  un  signal 

so  indiquant  la  validite  d'une  indication  probable  emanant  de  ladite  unite  de  memoire  d'ordre  de  grandeur 
moyen;  et  un  moyen  de  commutation  (58)  assurant,  en  reponse  aux  signaux  de  sortie  de  chacune  desdites 
unites  de  memoire,  la  transmission  audit  moyen  de  fourniture  de  signal  de  sortie  d'une  indication  precisant 
s'il  y  a  eu  ou  non  detection  d'une  difference  notable. 

6.  Appareii  selon  la  revendication  5  dans  lequel  ladite  unite  de  memoire  d'ordre  de  grandeur  bas  (54) 
55  fournit  aussi  un  signal  de  commande  pour  amener  ledit  dispositif  de  commutation  a  passer  des  impulsions 

d'horloge  de  frequence  faible  aux  impulsions  d'horloge  de  frequence  elevee  en  reponse  a  des  informations 
d'entree  determinees.  , 

7.  Appareii  selon  la  revendication  6  dans  lequel  ladite  unite  de  memoire  d'ordre  de  grandeur  eleve  (52) 
fournit  aussi  un  signal  de  commande  destine  a  faire  passer  ledit  dispositif  de  synchronisation  des 

60  impulsions  d'horloge  de  frequence  elevee  aux  impulsions  d'horloge  de  frequence  faible  en  reponse  a  des 
informations  d'entree  determinees. 

8.  Appareii  selon  I'une  quelconque  des  revendications  5  a  7  dans  lequel  ledit  moyen  de  commutation 
(58)  comporte  un  circuit  logique  destine  a  modifier  un  signal  d'indication  probable  emanant  de  ladite  unite 
de  memoire  d'ordre  de  grandeur  eleve  en  reponse  a  une  indication  de  non  validite  provenant  de  ladite 

65  memoire  d'ordre  de  grandeur  moyen,  et  a  modifier  un  signal  d'indication  probable  provenant  de  ladite 65  memoire  a  orare  ae  granaeur  moyen,  ei  a  muuinei 

13 



EP  0  181  517  B1 

unite  de  memoire  d'ordre  de  grandeur  moyen  en  reponse  a  une  indication  de  non  validite  provenant  de 
ladite  unite  de  memoire  d'ordre  de  grandeur  bas. 

9.  Procede  de  decodage  de  signal  binaire,  comprenant  I'etablissement  de  la  longueur  d'une  case  de  bit 
du  signal  binaire;  la  determination  de  la  longueur  d'une  impulsion  suivante  du  signal  binaire  operee  en 

s  detectant  deux  transitions  successives  du  signal  binaire,  en  generant  un  signal  d'horloge  et  en  comptant  le 
nombre  d'impulsions  d'horloge  apparaissant  entre  les  deux  transitions  detectees;  la  comparaison  de  la 
longueur  d'impulsion  determinee  avec  la  longueur  de  case  de  bit  etablie;  I'indication  du  rapport  des  deux 
longueurs  comparees  avec  une  valeur  de  seuil  determinee;  la  fourniture  de  I'indication  que  le  signal 
binaire  represente  un  etat  binaire  ou  I'autre  selon  que  le  rapport  est  ou  non  superieur  a  ladite  valeur  de 

to  seuil;  st  la  mise  a  jour  de  la  longueur  de  case  de  bit  etablie  d'apres  la  longueur  determinee  de  ladite 
impulsion  au  moins;  caracterise  par  la  modification  de  la  frequence'  dudit  signal  d'horloge  operee  quand  le 
nombre  d'impulsions  d'horloge  compte  est  exterieur  a  une  gamme  determinee. 

10.  Procede  selon  la  revendication  9  dans  lequel  ladite  valeur  de  seuil  determinee  est  de  0,7. 
11.  Procede  selon  la  revendication  9  ou  10  comportant  encore  I'operation  consistant  a  inhiber 

is  selectivement  la  determination  de  la  longueur  d'onde  d'une  impulsion  lorsqu'un  desdits  etats  binaire  est 
indique. 

1  2.  Procede  selon  I'une  quelconque  des  revendications  9  a  1  1  dans  lequel  le  signal  binaire  est  code  en 
format  de  type  Manchester. 

13.  Procede  selon  I'une  quelconque  des  revendications  9  a  12  dans  lequel  ladite  indication  est 
20  independante  de  la  vitesse  a  laquelle  est  lu  le  signal  binaire. 
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