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Description 

The  invention  relates  generally  to  playback  of  au- 
dio  information  signals  recorded  on  parallel  tracks  ex- 
tending  across  a  length  of  a  magnetic  tape,  utilizing 
audio  and/or  video  signal  tape  recording/playback  de- 
vices,  having  one  or  more  playback  heads  scanning 
the  parallel  tracks,  and  more  particularly  to  such  play- 
back  within  a  predetermined  range  of  low  tape  speed. 

BACKGROUND  OF  THE  INVENTION 

In  analog  video  tape  recording  and  reproducing 
devices  where  analog  video  signals  are  recorded  on 
parallel  tracks  extending  across  a  length  of  a  magnet- 
ic  tape,  for  example  helical  tracks,  it  is  known  to  re- 
cord  the  analog  audio  signal  by  a  stationary  transduc- 
er  along  a  longitudinal  track.  During  editing,  the  tape 
may  be  moved  in  either  a  forward  or  reverse  direction 
typically  by  manually  rotating  the  tape  reels,  or  the 
capstan,  or  a  control  knob  located  on  the  control  pan- 
el.  During  such  operation  mode,  generally  referred  to 
as  jog  mode,  the  tape  speed  is  dependent  on  the  ro- 
tational  speed  of  the  knob,  while  the  audio  signal  is 
being  reproduced  from  the  tape  by  a  stationary  play- 
back  head.  The  pitch  of  the  reproduced  sound 
changes  with  the  speed  of  the  relative  head-to-tape 
movement.  During  the  jog  mode,  reproduction  of  the 
audio  signal  facilitates  edit  decision  making  by  the  op- 
erator.  The  operator  listens  to  the  reproduced  sound 
and  recognizes  portions  of  the  spoken  words  or  mu- 
sic,  which  enable  him  to  make  edit  decisions  at  accu- 
rately  selected  locations  on  tape.  Before  making  an 
edit,  such  as  a  cut,  insert,  or  a  mark  on  the  tape,  the 
operator  manually  stops  the  tape  at  a  desired  location 
by  any  of  the  above-described  means.  As  it  is  well 
known  in  the  art  of  magnetic  recording  and  playback, 
when  there  is  no  relative  transducer-to-tape  move- 
ment,  there  is  no  signal  reproduced  from  the  tape. 
Therefore,  when  the  tape  is  stopped,  the  stationary 
heads  do  not  reproduce  any  audio  signal.  The  result- 
ing  silence  is  a  desirable  feature  for  the  editor  at  stop 
motion  playback. 

In  digital  video  tape  recorders,  as  well  as  in  cer- 
tain  types  of  analog  video  tape  recorders,  both  the 
video  and  audio  signals  are  recorded  on  helical  tracks 
by  one  or  more  rotating  heads.  One  such  example  are 
video  tape  recorders  having  audio  signals  recorded 
as  frequency  modulated  carrier  signals.  Because  of 
the  high  rotational  speed  of  the  heads  relative  to  the 
tape  speed,  the  head-to-tape  speed  is  not  influenced 
significantly  by  changing  the  longitudinal  tape  speed. 
Consequently,  the  pitch  of  the  reproduced  audio  sig- 
nal,  which  is  dependent  on  that  relative  speed,  re- 
mains  substantially  constant  with  the  changing  long- 
itudinal  tape  speed.  When  the  tape  is  stopped,  for  ex- 
ample  during  editing,  the  playback  head  continues  to 
rotate  overthe  same  helical  track,  or  groups  of  tracks, 

whereby  it  reproduces  over  and  over  again  a  portion 
of  the  audio  signal  that  is  recorded  on  that  particular 
track  or  tracks.  This  annoys  the  editing  operator,  who 
has  to  listen  to  a  relatively  loud  short  fragment  of  au- 

5  dio  signal  which  is  being  continuously  repeated.  Gen- 
erally  it  would  be  possible  to  obtain  silence  by  man- 
ually  turning  off  the  audio  amplifier,  but  such  opera- 
tion  must  be  repeated  every  time  after  the  tape  is 
stopped,  and  the  amplifier  has  to  be  turned  on  again 

10  when  tape  motion  is  resumed.  It  is  apparent  that  such 
an  additional  repetitive  manual  operation  would  sig- 
nificantly  slow  down  the  editing  process,  and  there- 
fore  it  is  not  useful. 

Similarly,  during  slower  than  normal  tape  speed, 
15  each  recorded  track  or  group  of  tracks  is  scanned 

more  than  once,  and  thereby  each  audio  portion  is  re- 
petitively  reproduced,  resulting  in  a  similar  undesir- 
able  audio  experience  for  the  editor. 

Accordingly,  it  is  an  object  of  the  present  inven- 
20  tion  to  provide  an  apparatus  and  method  which  would 

eliminate  the  undesirable  audio  signal  automatically 
when  the  tape  is  stopped,  and  reduce  the  level  of  that 
signal  when  the  tape  is  moving  at  a  selected  slow 
speed,  for  example  below  normal  tape  speed  at  which 

25  the  recording  was  made. 
The  state  of  the  art  represented  by  the  pre-char- 

acterising  part  of  each  of  the  independent  claims  is 
identified  in  the  discussion  of  Figure  1  of  the  draw- 
ings. 

30  US-A-4317142  discloses  an  audio  recording  and 
playback  system  in  which  the  played  back  audio  sig- 
nal  can  be  selectively  muted. 

JP-A-1049171  discloses  an  audio  muting  system 
including  a  digital  multiplier. 

35  The  invention  provides  an  apparatus  for  repro- 
ducing  audio  signals  recorded  on  parallel  tracks  ex- 
tending  obliquely  across  a  length  of  a  tape,  compris- 
ing  at  least  one  playback  head  for  scanning  said  par- 
allel  tracks,  an  audio  playback  channel  associated 

40  with  said  playback  head,  means  for  adjusting  gain  in 
said  audio  playback  channel,  and  means  for  detecting 
the  longitudinal  speed  of  said  magnetic  tape;  charac- 
terised  by  means  for  providing  a  gain  control  signal 
dependent  on  said  detected  magnetic  tape  speed  and 

45  applying  said  gain  control  signal  to  said  means  for  ad- 
justing  said  gain,  said  gain  control  signal  reducing  the 
gain  to  substantially  zero  when  the  detected  tape 
speed  is  zero. 

The  said  gain  is  preferably  substantially  a  con- 
50  stant  when  the  detected  tape  speed  exceeds  a  prede- 

termined  magnitude  and  steadily  reduces  as  the  tape 
speed  is  reduced  below  the  said  predetermined  mag- 
nitude. 

The  invention  also  provides  a  method  of  repro- 
55  ducing  audio  signals  recorded  on  parallel  tracks  ex- 

tending  across  a  length  of  tape,  utilizing  a  magnetic 
recording/playback  device  having  at  least  one  play- 
back  head  for  scanning  said  parallel  tracks  while  the 

2 
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tape  is  longitudinally  transported  at  a  variety  of 
speeds  including  zero  speed,  an  audio  playback 
channel  associated  with  said  playback  head,  and 
means  for  adjusting  an  audio  output  gain  of  said  audio 
output  channel,  characterised  by  the  steps  of:  detect- 
ing  a  longitudinal  speed  of  said  magnetic  tape  during 
playback;  and  providing  a  gain  control  signal  which  is 
dependent  on  said  detected  magnetic  tape  speed  so 
as  to  reduce  the  audio  output  gain  as  the  said  tape 
speed  reduces,  the  said  gain  being  substantially  con- 
stant  when  the  detected  tape  speed  exceeds  a  prede- 
termined  magnitude  and  steadily  reducing  to  zero  as 
the  tape  speed  reduces  from  the  said  magnitude  to 
zero. 

In  accordance  with  the  preferred  method  of  the 
invention,  a  gain  control  factor  is  calculated,  which 
has  a  zero  value  at  zero  tape  speed,  and  it  increases 
with  an  increasing  magnitude  of  the  tape  speed,  up  to 
a  predetermined  tape  speed  magnitude.  When  the 
magnitude  of  tape  speed  exceeds  the  predetermined 
magnitude,  the  gain  control  factor  is  equal  to  a  pre- 
determined  constant  value.  The  resulting  gain  control 
factor  is  utilized  to  multiply  a  preset  value  of  the  audio 
output  gain  of  the  audio  playback  channel,  thereby 
adjusting  the  audio  playback  signal  level. 

The  present  invention  allows  playback  of  audio 
signals  recorded  on  parallel  tracks  extending  across 
a  length  of  a  magnetic  tape,  while  eliminating  the  dis- 
turbing  repetitive  reproduction  of  the  audio  signals  at 
zero  tape  speed,  and  reducing  the  volume  of  such  dis- 
turbing  signals  within  a  predetermined  low  tape 
speed  range. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  shows  an  example  of  a  functional  block 
diagram  depicting  a  portion  of  a  microprocessor-con- 
trolled  video  tape  playback  apparatus,  including  a 
digital  audio  playback  channel  which  is  controlled  in 
accordance  with  the  preferred  embodiment  of  the  in- 
vention. 

Figure  2  shows  an  example  of  a  gain  control  fac- 
tor  characteristic,  as  being  dependent  on  longitudinal 
tape  speed,  in  accordance  with  the  preferred  embodi- 
ment  of  the  invention. 

DETAILED  DESCRIPTION 

As  an  example,  a  portion  of  a  microprocessor- 
controlled  video  tape  playback  apparatus  is  shown  in 
the  functional  block  diagram  of  Figure  1.  Particularly, 
there  is  shown  a  digital  audio  signal  playback  channel 
1  0,  portion  of  a  tape  transport  40,  a  microprocessor 
(CPU)  50,  a  data/address  bus  52,  and  a  control  panel 
60,  of  the  type  as  utilized  for  example  in  a  digital  video 
signal  tape  recorder/playback  device  VPR-300,  man- 
ufactured  by  Ampex  Corporation.  Details  of  that  par- 
ticular  device  are  described  in  VPR-300  Series  Video 

Production  Recorder  Service  Manual,  Volume  I,  Cat- 
alog  No.  1520528-02,  and  VPR-300  Series  Video 
Production  Recorder  Operation  Manual,  Catalog  No. 
1520527-02,  both  issued  by  Ampex  Corporation, 

5  Redwood  City,  California,  August  1989. 
In  addition,  Figure  1  shows  an  improvement  pro- 

vided  in  accordance  with  the  preferred  embodiment 
of  the  present  invention,  related  to  controlling  the  lev- 
el  of  a  digital  audio  playback  signal  obtained  from 

10  playback  channel  10,  as  it  will  follow  from  the  detailed 
description  below. 

With  further  reference  to  Figure  1,  now  the  play- 
back  channel  1  0  will  be  described,  as  it  is  known  from 
the  above-referenced  Manual,  followed  by  the  de- 

ls  scription  of  the  playback  audio  output  gain  control 
provided  by  the  present  invention.  A  playback  head  12 
is  utilized  to  reproduce  a  digital  signal  recorded  in  Mil- 
ler  Squared  form  along  helical  tracks  on  tape,  and  the 
signal  from  the  head  is  applied  to  a  playback  amplifier 

20  14.  In  the  present  example  more  than  one  rotating 
playback  head  is  utilized,  each  associated  with  a 
playback  channel,  however  only  one  head  12  and 
playback  channel  10  is  shown  forsimplicity.  Each  hel- 
ical  track  contains  digital  data  pertaining  to  both  video 

25  and  audio  information  signals.  Control  signals,  such 
as  sync,  identification  check  bytes,  and  other  are  in- 
terspersed  with  the  video  and  audio  data  on  each 
track. 

The  Miller  Squared  playback  data  is  further  ap- 
30  plied  to  a  playback  equalizer  16  and  therefrom  to  a 

Miller  Squared  decoder  18.  Decoder  18  decodes  the 
Miller  Squared  data  into  non-return-to-zero  (NRZ) 
data,  and  applies  that  data  to  a  sync  inner  decoder20. 
The  sync  inner  decoder  20  arranges  the  playback 

35  data  into  bytes  and  generates  a  byte  clock  from  the 
off-tape  clock.  It  also  detects  the  sync  pattern,  defor- 
mats  the  sync  block  data,  and  decodes  the  video  and 
audio  inner  code  blocks.  The  decoded  video  portion 
of  the  playback  data  is  applied  therefrom  to  a  frame 

40  memory  (not  shown)  for  further  processing. 
The  audio  data  portion  from  the  sync  inner  de- 

coder  20  is  applied  to  an  audio  data  decoder  circuit 
22.  There  the  audio  data  is  written  into  a  time  base 
correction  (TBC)  memory  15  at  the  off-tape  clock 

45  rate,  then  read  therefrom  by  read  controls  synchron- 
ous  with  the  system  clock  to  provide  audio  time  base 
correction.  The  TBC  memory  1  5  provides  buffers  (not 
shown)  where  the  data  is  formatted  for  error  correc- 
tion/decoding  purposes.  The  audio  data  and  erasure 

so  flags  from  the  TBC  memory  are  applied  to  an  error 
correction  code  (ECC)  outer  decoder  1  7.  The  decoder 
1  7  corrects  some  of  the  errors  in  each  code  block  and 
provides  audio  error  flags  for  uncorrected  data.  The 
decoded/corrected  data  is  written  into  an  output 

55  memory  1  9  using  shuffled  addressing.  The  data  from 
the  output  memory  19  of  the  audio  data  decoder  22 
is  deshuffled  and  is  read  out  sequentially. 

The  audio  data  and  audio  error  flags  are  routed 

3 
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to  an  audio  error  conceal  circuit  24  whose  main  func- 
tion  is  to  provide  error  concealment  for  uncorrected 
errors  to  prevent  audible  pops  and  clicks.  The  input 
signal  to  circuit  24  is  reclocked  by  an  input  latch  26. 
The  output  data  from  latch  26  is  routed  to  the  process- 
ing  circuits  consisting  of  multiplier  28,  interpolator  30, 
and  memory  31.  The  multiplier  28  performs  a  digital 
gain  adjustment  function.  It  multiplies  each  received 
16-bit  audio  sample  by  a  16-bit  gain  adjustment  con- 
trol  signal  received  from  CPU  50  via  bus  52  and  line 
70.  Interpolator  30  performs  concealment  of  data 
flagged  by  the  audio  data  decoder  22  as  uncorrect- 
able.  It  processes  adjacent  data  samples,  and  derives 
estimates  for  the  flagged  data  samples.  The  interpo- 
lated  data  is  then  used  instead  of  the  erroneous  sam- 
ples.  Memory  31  stores  processed  audio  samples  for 
a  time  needed  to  match  processing  delays  of  audio 
and  video  data.  The  stored  playback  digital  audio  data 
from  memory  31  is  routed  via  line  34  to  an  audio  out- 
put  circuit  (not  shown)  for  further  use. 

The  above-described  example  of  a  known  digital 
audio  playback  channel  is  described  in  detail  in  the 
above-referenced  Service  Manual,  with  reference  to 
a  block  diagram  shown  therein  in  Figure  4-1,  pages 
4-3  and  4-4. 

Generally,  before  or  during  playback  operation, 
the  operator  presets  a  desired  audio  output  gain  at 
the  control  panel  60,  shown  in  Figure  1  of  the  attach- 
ed  drawings,  and  that  preset  gain  is  applied  from  the 
control  panel  60  to  CPU  50  via  line  80  and  bus  52.  The 
CPU  50  applies  a  corresponding  gain  control  signal 
via  bus  52  and  line  70  to  the  multiplier  28,  to  thereby 
adjust  the  audio  output  gain.  Adjusting  audio  output 
gain  of  the  playback  channel  is  understood  as  chang- 
ing  the  amplitude  of  the  original  audio  playback  infor- 
mation  signal,  which  may  be  represented  for  example 
by  digital  data  or  a  frequency  modulated  signal.  In  the 
presently  described  example  the  audio  output  gain 
control  signal  is  provided  as  a  digital  control  signal  ap- 
plied  from  the  CPU  50  to  the  multiplier  28  via  bus  52 
and  line  70.  The  device  for  adjusting  the  audio  output 
gain  is  implemented  by  the  digital  multiplier  28,  which 
multiplies  16-bit  audio  samples  by  a  16-bit  audio  gain 
control  signal. 

The  CPU  50  also  receives  information  about  the 
actual  tape  speed  from  the  tape  transport  via  line  49 
and  data/address  bus  52.  In  accordance  with  the  pre- 
ferred  embodiment  of  the  invention,  based  on  that  ac- 
tual  tape  speed,  the  CPU  50  calculates  a  gain  control 
factor  (GCF),  and  it  multiplies  thereby  the  amount  of 
preset  gain  from  the  control  panel.  The  thusly  modi- 
fied  gain  control  signal  is  then  applied  to  the  multiplier 
28,  to  control  the  gain  at  the  output  of  the  digital  audio 
signal  channel,  as  it  will  follow  from  further  descrip- 
tion. 

As  it  is  seen  from  the  portion  40  of  the  tape  trans- 
port  depicted  in  Figure  1,  the  tape  42  is  wrapped 
around  a  rotating  scanner  drum  44.  The  scanner 

drum  44  has  two  sets  of  magnetic  recording/playback 
heads,  of  which  only  one  playback  head  12  is  shown 
in  Figure  1,  as  being  connected  to  the  playback  chan- 
nel  10.  As  it  is  well  known  in  the  art,  these  heads  are 

5  mounted  on  the  periphery  of  the  scanner  drum  44, 
and  they  record/play  back  information  along  helical 
tracks  on  the  tape  in  a  well  known  manner.  The  tape 
42  is  advanced  by  a  capstan  46,  which  in  turn  is  driv- 
en  by  a  DC  motor  (not  shown)  in  a  well  known  manner. 

10  A  capstan  servo  48  which  operates  as  a  position  ser- 
vo,  controls  the  motion  of  the  capstan.  The  capstan 
46  controls  the  tape  speed  through  the  transport  in  all 
modes  of  operation. 

Actual  tape  speed  is  calculated  by  the  CPU  50  in 
15  a  conventional  mannerfrom  capstan  tach  information 

received  from  capstan  servo  48  via  line  49  and  bus 
52.  A  block  diagram  of  a  corresponding  portion  of  the 
tape  transport  servo  board  is  shown  in  Figure  5-54, 
page  5-119  of  the  above-referenced  Service  Manual. 

20  Now  the  manner  of  calculating  the  gain  control 
factor  (GCF)  in  accordance  with  the  preferred  em- 
bodiment  of  the  invention  will  be  described.  The  char- 
acteristic  of  Figure  2  shows  gain  control  factor  (GCF) 
values  as  being  dependent  on  tape  speed.  The  posi- 

25  tive  and  negative  tape  speed  values  correspond  to 
the  tape  speed  in  forward  and  reverse  direction,  re- 
spectively.  In  this  example,  the  tape  speed  values  are 
indicated  as  coefficients  of  the  normal  tape  speed, 
that  is  of  the  tape  speed  at  which  the  original  record- 

30  ing  was  made.  Thus  the  magnitude  of  tape  speed 
equal  to  1  indicates  the  normal  tape  speed,  the  mag- 
nitude  of  tape  speed  equal  to  2  indicates  twice  the 
normal  tape  speed,  etc.  It  will  be  understood,  that  as 
an  alternative,  tape  speed  values  in  inch/second  may 

35  be  plotted  directly  along  the  horizontal  axis  of  the 
characteristic  of  Figure  2,  while  the  shape  of  the  char- 
acteristic  will  remain  unchanged. 

In  accordance  with  the  preferred  embodiment  of 
the  invention,  the  GCF  is  utilized  by  the  CPU  50  to 

40  multiply  the  audio  output  gain  which  is  preset  by  the 
operator.  The  thusly  modified  audio  output  gain  value 
is  applied  from  the  CPU  50  via  the  bus  52  and  line  70 
to  the  multiplier  28.  It  is  seen  from  the  characteristic 
of  Figure  2,  that  at  zero  tape  speed  GCF  =  0.  That  is, 

45  when  the  tape  is  stopped,  that  audio  output  gain  value 
applied  on  line  70  from  the  CPU  50  of  Figure  1  to  the 
multiplier  28  causes  to  reduce  the  audio  output  signal 
level  at  the  output  34  of  the  audio  channel  10  to  zero. 
As  a  result,  there  is  no  audible  signal  played  back 

so  from  the  digital  audio  playback  channel. 
It  is  further  seen  from  Figure  2  that  within  a  pre- 

determined  low  range  of  tape  speed,  and  with  in- 
creasing  tape  speed,  GCF  increases  to  a  predeter- 
mined  value,  whereafter  it  remains  constant.  In  the 

55  preferred  embodiment  GCF  increases  linearly  from  0 
to  1  within  a  tape  speed  range  from  0  to  1/2  of  normal 
tape  speed  in  both  directions  of  tape  movement. 

Thus  when  the  tape  moves  below  1/2  of  the  nor- 

4 
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mal  speed,  the  playback  audio  signal  level  is  reduced 
with  decreasing  tape  speed  in  each  direction  of  move- 
ment.  In  the  characteristic  of  Figure  2  there  is  a  linear 
relationship  between  the  tape  speed  and  gain  control 
factor.  Alternatively,  the  characteristic  may  have 
other  shapes,  such  as  changing  step-wise  or  expo- 
nentially.  Generally  the  shape  of  that  characteristic  is 
not  critical.  It  is  important  however,  that  to  obtain  a  de- 
sired  suppression  of  playback  audio  signal  level  at 
zero  and  very  low  tape  speed,  the  characteristic  has 
a  zero  gain  control  factor  at  zero  tape  speed,  and  an 
increasing  value  with  increasing  tape  speed  magni- 
tude  up  to  a  selected  tape  speed  value,  in  either  di- 
rection  of  tape  movement,  and  thereafter  that  factor 
remains  constant,  preferably  equal  to  one. 

In  the  preferred  embodiment  the  "elbow"  of  the 
characteristic  in  Figure  2  has  been  selected  experi- 
mentally  at  1/2  of  normal  tape  speed.  It  is  apparent, 
however,  that  different  elbow  values  may  be  selected 
instead,  to  satisfy  the  needs  and  preferences  of  the 
editing  operator.  For  example,  when  an  exponentially 
increasing  characteristic  is  selected,  it  will  have  no  el- 
bow,  and  it  will  approach  the  selected  constant  GCF 
value  asymptotically. 

It  follows  from  the  foregoing  description  with  ref- 
erence  to  Figure  2,  that  when  the  tape  is  moving  at  a 
very  slow  speed,  there  is  a  desired  reduction  in  the 
gain  of  the  of  audio  signal  playback  channel,  while  the 
amount  of  reduction  is  dependent  on  the  magnitude 
of  tape  speed.  The  advantage  of  the  foregoing  feature 
of  the  invention  is  that  the  operator  can  hearthe  audio 
signal,  as  it  is  necessary  during  editing  operation,  but 
at  a  reduced  volume.  When  the  control  factor  be- 
comes  equal  to  one,  it  no  longer  influences  the  gain 
of  the  playback  channel. 

The  control  panel  60  of  Figure  1  has  arranged 
thereon  among  other  elements  a  control  knob  62, 
control  buttons  JOG  72,  VAR  74,  STOP  76,  and  a  dis- 
play  screen  78.  As  it  is  well  known  in  the  art,  in  jog 
mode,  when  the  JOG  button  72  is  pressed,  and  the 
operator  manually  turns  control  knob  62  in  either  di- 
rection,  the  direction  as  well  as  the  speed  of  rotation 
of  the  knob  is  translated  to  capstan  servo  48,  while 
the  capstan  directly  follows  the  movement  of  the 
knob.  The  movement  of  the  capstan  in  turn  results  in 
tape  movement  as  it  is  well  known.  In  this  mode  of  op- 
eration  the  rotational  speed  of  the  control  knob  62  de- 
termines  the  speed  and  direction  of  tape  movement, 
and  the  angular  position  of  the  control  knob  corre- 
sponds  to  that  of  the  capstan.  As  an  example,  in  the 
jog  mode  the  control  knob  62  may  be  turned  in  either 
direction  to  advance  or  reverse  the  tape  movement 
one  or  more  television  frame  or  field  at  a  time. 

In  another  well  known  operation  mode,  generally 
referred  to  as  variable  speed  playback,  when  the  VAR 
button  74  on  control  panel  60  is  pressed,  the  capstan 
46  is  moving,  while  the  control  knob  62  may  be  turned 
in  either  direction  to  control  the  direction  and  speed 

of  the  capstan  movement.  When  the  knob  62  is  in 
"zero"  position,  the  tape  is  stopped.  When  the  knob 
62  is  turned  past  the  zero  position  in  one  direction, 
the  tape  moves  in  one  direction  at  a  speed  proportion- 

5  al  to  the  angular  displacement  of  the  knob  with  refer- 
ence  to  the  zero  position.  When  the  knob  is  turned  in 
the  opposite  direction  past  the  zero  position,  the  tape 
moves  in  opposite  direction.  Thus  by  manually  turn- 
ing  the  knob  62,  the  tape  speed  may  be  controlled, 

10  depending  on  the  direction  of  the  knob  movement 
with  respect  to  the  zero  position.  When  the  STOP  but- 
ton  76  is  pressed,  tape  movement  stops,  as  it  may 
also  be  obtained  by  no  control  knob  movement  in  jog 
mode,  or  by  setting  the  control  knob  62  to  zero  posi- 

15  tion  in  variable  speed  playback  mode.  The  screen  78 
on  the  control  panel  60  displays  the  tape  speed  and 
direction  in  all  above-described  modes  of  operation. 

To  provide  a  more  detailed  description,  the  man- 
ner  of  calculating  the  actual  tape  speed  by  the  CPU 

20  50  will  be  now  described.  The  actual  tape  speed  is 
calculated  from  a  detected  capstan  tach  signal,  which 
in  turn  is  generated  by  the  rotating  capstan  46  in  a 
well  known  manner.  The  capstan  tach  signal  on  line 
68  is  applied  to  capstan  servo  48,  which  contains  a 

25  counter  (not  shown)  counting  clock  pulses  at  constant 
frequency.  Each  capstan  tach  pulse  latches  the  coun- 
ter  value  and  resets  the  counter.  The  latched  counter 
value  represents  a  capstan  tach  period.  That  value  is 
read  by  the  CPU  50  via  the  data/address  bus  52  and 

30  line  49.  The  CPU  50  calculates  the  capstan  velocity 
from  the  obtained  value.  In  the  jog  and  variable  play 
modes  the  tape  is  driven  by  the  capstan,  and  there- 
fore  capstan  velocity  also  represents  the  tape  speed. 
The  result  of  the  tape  velocity  calculation  by  the  CPU 

35  50  is  a  16-bit  number  representing  the  actual  tape 
speed  value  as  a  multiple  of  normal  tape  speed. 

In  accordance  with  the  preferred  embodiment  of 
the  invention,  the  CPU  50  is  programmed  to  calculate 
the  gain  control  factor  as  a  function  of  thusly  obtained 

40  actual  tape  speed  values,  in  accordance  with  the 
characteristic  of  Figure  2,  as  it  has  been  previously 
described.  The  CPU  50  is  further  programmed  to  mul- 
tiply  the  audio  output  gain  of  the  playback  channel, 
which  has  been  preset  by  the  operator,  by  the  gain 

45  multiplication  factor.  The  CPU  50  then  applies  the  re- 
sulting  modified  gain  control  signal  to  adjust  the  gain 
of  the  audio  playback  channel.  Consequently,  at  zero 
tape  velocity  the  gain  is  equal  to  zero,  and  therefore 
level  of  the  audio  playback  signal  on  line  34  is  set  to 

so  zero.  When  the  tape  starts  moving,  the  gain  increas- 
es  proportionally,  and  at  1/2  of  normal  play  speed  it 
reaches  full  value  of  the  audio  output  gain  which  has 
been  previously  set  by  the  operator. 

Every  time  when  the  tape  velocity  changes,  and 
55  it  causes  the  GCF  value  to  change,  in  accordance 

with  the  characteristic  of  Figure  2,  a  new  gain  control 
signal  value  is  calculated  by  the  CPU  50,  and  applied 
via  bus  52  and  line  70  to  multiplier  28,  which  provides 

5 
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the  actual  gain  adjustment.  The  foregoing  results  in 
a  reduction  of  audio  output  signal  level  on  line  34, 
which  is  dependent  on  the  tape  speed  within  a  prede- 
termined  low  range  of  tape  speed.  When  the  tape 
speed  exceeds  that  range,  there  is  no  reduction  in  the  5 
audio  signal  level. 

Claims 
10 

1.  An  apparatus  for  reproducing  audio  signals  re- 
corded  on  parallel  tracks  extending  obliquely 
across  a  length  of  a  tape,  comprising  at  least  one 
playback  head  (12)  for  scanning  said  parallel 
tracks,  an  audio  playback  channel  (10)  associat- 
ed  with  said  playback  head,  means  (28)  for  ad- 
justing  gain  in  said  audio  playback  channel,  and 
means  (48)  fordetecting  the  longitudinal  speed  of 
said  magnetic  tape;  characterised  by  means 
(50,70)  for  providing  a  gain  control  signal  de- 
pendent  on  said  detected  magnetic  tape  speed 
and  applying  said  gain  control  signal  to  said 
means  for  adjusting  said  gain,  said  gain  control 
signal  reducing  the  gain  to  substantially  zero 

6.  A  method  of  reproducing  audio  signals  recorded 
on  parallel  tracks  extending  across  a  length  of 
tape,  utilizing  a  magnetic  recording/playback  de- 
vice  having  at  least  one  playback  head  for  scan- 
ning  said  parallel  tracks  while  the  tape  is  longitu- 
dinally  transported  at  a  variety  of  speeds  includ- 
ing  zero  speed,  an  audio  playback  channel  asso- 
ciated  with  said  playback  head,  and  means  for 

adjusting  an  audio  output  gain  of  said  audio  out- 
put  channel,  characterised  by  the  steps  of:  de- 
tecting  a  longitudinal  speed  of  said  magnetic  tape 
during  playback;  and  providing  a  gain  control  sig- 

5  nal  which  is  dependent  on  said  detected  magnet- 
ic  tape  speed  so  as  to  reduce  the  audio  output 
gain  as  the  said  tape  speed  reduces,  the  said 
gain  being  substantially  constant  when  the  de- 
tected  tape  speed  exceeds  a  predetermined 

10  magnitude  and  steadily  reducing  to  zero  as  the 
tape  speed  reduces  from  the  said  magnitude  to 
zero. 

7.  A  method  according  to  claim  6  wherein  said  gain 
15  is  linearly  proportional  to  tape  speed  for  a  tape 

speed  below  the  said  predetermined  magnitude. 

8.  A  method  according  to  claim  6  or  claim  7  wherein 
said  step  of  providing  comprises  multiplying  a 

20  preset  audio  channel  gain  by  a  gain  control  factor. 

Patentanspruche 

25  1.  Eine  Vorrichtung  zum  Reproduzieren  von  Audio- 
signalen,  die  auf  parallelen  Spuren  aufgezeich- 
net  sind,  die  sich  schrag  uber  die  Lange  eines 
Bandes  erstrecken,  mit  mindestens  einem  Wie- 
dergabekopf  (12)  zum  Abtasten  der  parallelen 

30  Spuren,  einem  Audiowiedergabekanal  (10),  der 
dem  Wiedergabekopf  zugeordnet  ist,  einer  Ein- 
richtung  (28)  zum  Einstellen  eines  Verstarkungs- 
faktors  im  Audiowiedergabekanal  und  einer  Ein- 
richtung  (48)  zum  Erfassen  der  Geschwindigkeit 

35  des  Magnetbandes  in  Langsrichtung,  gekenn- 
zeichnet  durch  eine  Einrichtung  (50,  70)  zum  Vor- 
sehen  eines  Verstarkungs-Steuersignals  abhan- 
gig  von  der  erfaliten  Geschwindigkeit  des  Ma- 
gnetbandes  und  zum  Anlegen  des  Verstarkungs- 

40  Steuersignals  an  die  Einrichtung  zum  Einstellen 
des  Verstarkungsfaktors,  wobei  das 
Verstarkungs-Steuersignal  den  Verstarkungs- 
faktorauf  im  wesentlichen  Null  reduziert,  falls  die 
erfaftte  Bandgeschwindigkeit  Null  ist. 

45 
2.  Vorrichtung  gemali  Anspruch  1,  wobei  der  Ver- 

starkungsfaktor  im  wesentlichen  eine  Konstante 
ist,  falls  die  erfaftte  Bandgeschwindigkeit  eine 
vorbestimmte  Grolie  uberschreitet,  und  sich 

so  gleichmaliig  verringert,  wahrend  die  Geschwin- 
digkeit  des  Bandes  unterdervorbestimmten  Gro- 
lie  verringert  wird. 

3.  Vorrichtung  nach  irgendeinem  vorhergehenden 
55  Anspruch,  wobei  der  Wiedergabekopf  (12)  ein 

Rotationswiedergabekopf  ist,  der  zum  Schrag- 
spurabtasten  des  Bandes  angeordnet  ist. 

when  the  detected  tape  speed  is  zero.  25 

2.  Apparatus  according  to  claim  1  wherein  said  gain 
is  substantially  a  constant  when  the  detected 
tape  speed  exceeds  a  predetermined  magnitude 
and  steadily  reduces  as  the  tape  speed  is  re-  30 
duced  below  the  said  predetermined  magnitude. 

3.  Apparatus  according  to  any  foregoing  claim 
wherein  the  playback  head  (12)  is  a  rotary  play- 
back  head  disposed  for  helically  scanning  the  35 
tape. 

4.  Apparatus  according  to  any  foregoing  claim, 
wherein  said  audio  playback  channel  is  a  digital 
signal  channel,  and  wherein  said  means  (28)  for  40 
adjusting  said  gain  is  a  digital  signal  multiplier. 

5.  Apparatus  according  to  any  foregoing  claim 
wherein  a  programmable  control  means  (50)  is 
programmed  to  compute  a  gain  control  factor  in  45 
accordance  with  the  tape  speed,  and  to  multiply 
a  preset  gain  of  said  audio  playback  channel  by 
said  gain  control  factor  to  obtain  said  gain  control 
signal. 

50 

6 
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4.  Vorrichtung  nach  irgendeinem  vorhergehenden 
Anspruch,  wobei  der  Audiowiedergabekanal  ein 
Digitalsignalkanal  ist  und  wobei  die  Einrichtung 
(28)  zum  Einstellen  des  Verstarkungsfaktors  ein 
Digitalsignal-Multiplizierer  ist. 

5.  Vorrichtung  nach  irgendeinem  vorhergehenden 
Anspruch,  wobei  eine  programmierbare  Steuer- 
einrichtung  (50)  programmiert  ist,  einen  Verstar- 
kungssteuerfaktor  entsprechend  der  Geschwin- 
digkeit  des  Bandes  zu  berechnen  und  einen  vor- 
eingestellten  Verstarkungsfaktor  des  Audiowie- 
dergabekanals  mit  dem  Verstarkungssteuerfak- 
torzu  multiplizieren,  urn  das  Verstarkungssteuer- 
signal  zu  erhalten. 

6.  Ein  Verfahren  zum  Reproduzieren  von  Audiosi- 
gnalen,  die  auf  parallelen  Spuren  aufgezeichnet 
sind,  die  sich  uber  die  Lange  eines  Bandes  er- 
st  recken,  unter  Verwendung  einer  Magnet-Auf- 
zeichnungs-/Wiedergabe-Einrichtung  mit  wenig- 
stens  einem  Wiedergabekopf  zum  Abtasten  der 
parallelen  Spuren,  wahrend  das  Band  mit  ver- 
schiedenen  Geschwindigkeiten  einschlielilich 
der  Nullgeschwindigkeit  in  Langsrichtung  befor- 
dertwird,  eines  Audiowiedergabekanals,  derdem 
Wiedergabekopf  zugeordnet  ist,  und  einer  Ein- 
richtung  zum  Einstellen  eines  Audioausgangs- 
Verstarkungsfaktors  des  Audioausgangskanals, 
gekennzeichnet  durch  die  Schritte:  Erfassen  ei- 
ner  Geschwindigkeit  des  Magnetbandes  in 
Langsrichtung  wahrend  der  Wiedergabe;  und 
Vorsehen  eines  Verstarkungssteuersignals,  das 
von  der  erfaliten  Geschwindigkeit  des  Magnet- 
bandes  abhangt,  so  dali  der  Audioausgangs-  Ver- 
starkungsfaktor  verringert  wird,  wahrend  sich  die 
Bandgeschwindigkeit  verringert,  wobei  der  Ver- 
starkungsfaktor  im  wesentlichen  konstant  ist, 
falls  die  erfalite  Bandgeschwindigkeit  eine  vorbe- 
stimmte  Grolie  uberschreitet,  und  sich  stetig  zu 
Null  verringert,  wahrend  sich  die  Bandgeschwin- 
digkeit  von  dervorbestimmten  Grolie  zu  Null  ver- 
ringert. 

7.  Ein  Verfahren  nach  Anspruch  6,  wobei  der  Ver- 
starkungsfaktor  fur  eine  Bandgeschwindigkeit 
unter  der  vorbestimmten  Grolie  linear  proportio- 
nal  zur  Bandgeschwindigkeit  ist. 

8.  Ein  Verfahren  nach  Anspruch  6  oder  Anspruch  7, 
wobei  der  Schritt  des  Vorsehens  ein  Multiplizie- 
ren  eines  voreingestellten  Audiokanal-Verstar- 
kungsfaktors  mit  einem  Verstarkungssteuerfak- 
tor  einschlielit. 

Revendications 

1.  Appareil  pour  reproduire  des  signaux  audio  enre- 
g  ist  res  sur  des  pistes  paralleles  s'etendant  obli- 

5  quement  suivant  la  longueur  d'une  bande, 
comprenant  au  moins  une  tete  de  lecture  (12) 
pour  balayer  lesdites  pistes  paralleles,  un  canal 
de  lecture  audio  (10)  associe  a  ladite  tete  de  lec- 
ture  ;  un  moyen  (28)  pour  regler  le  gain  dudit  ca- 

10  nal  de  lecture  audio  et  un  moyen  (48)  pour  detec- 
ter  la  vitesse  longitudinale  de  ladite  bande  ma- 
gnetique,  caracterise  par  un  moyen  (50,  70)  pour 
fournir  un  signal  de  commande  de  gain  fonction 
de  ladite  vitesse  de  bande  magnetique  detectee 

15  et  pour  appliquer  ledit  signal  de  commande  de 
gain  audit  moyen  pour  regler  ledit  gain,  ledit  si- 
gnal  de  commande  de  gain  reduisant  le  gain  sen- 
siblement  a  zero  lorsque  la  vitesse  de  bande  de- 
tectee  est  nulle. 

20 
2.  Appareil  selon  la  revendication  1  ,  dans  lequel  le- 

dit  gain  est  sensiblement  constant  lorsque  la  vi- 
tesse  de  bande  detectee  depasse  une  valeur  pre- 
determinee  et  est  reduit  de  facon  permanente 

25  lorsque  la  vitesse  de  bande  est  reduite  au-des- 
sous  de  ladite  valeur  predeterminee. 

3.  Appareil  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  la  tete  de  lecture 

30  (12)  est  une  tete  de  lecture  tournante  disposee 
pour  balayer  la  bande  en  helice. 

4.  Appareil  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  ledit  canal  de  lec- 

35  ture  audio  est  un  canal  de  signal  numerique,  et 
dans  lequel  ledit  moyen  (28)  pour  regler  ledit  gain 
est  un  multiplieur  de  signal  numerique. 

5.  Appareil  selon  I'une  quelconque  des  revendica- 
40  tions  precedentes,  dans  lequel  un  moyen  de 

commande  programmable  (50)  est  programme 
pour  calculer  un  facteur  de  commande  de  gain  en 
fonction  de  la  vitesse  de  bande,  et  pour  multiplier 
un  gain  predetermine  dudit  canal  de  lecture  audio 

45  par  ledit  facteur  de  commande  de  gain  pour  ob- 
tenir  ledit  signal  de  commande  de  gain. 

6.  Procede  de  reproduction  de  signaux  audio  enre- 
g  ist  res  sur  des  pistes  paralleles  s'etendant  sui- 

50  vant  la  longueur  d'une  bande,  en  utilisant  un  dis- 
positif  d'enregistrement/lecture  magnetique 
comportant  :  au  moins  une  tete  de  lecture  pour 
balayer  lesdites  pistes  paralleles  pendant  que  la 
bande  se  deplace  longitudinalement  a  differen- 

55  tes  vitesses,  y  compris  la  vitesse  nulle  ;  un  canal 
de  lecture  audio  associe  a  ladite  tete  de  lecture  ; 
et  un  moyen  pour  regler  le  gain  de  sortie  audio 
dudit  canal  de  sortie  audio,  caracterise  par  les 

7 
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etapes  :  de  detection  d'une  vitesse  longitudinale 
de  ladite  bande  magnetique  pendant  la  lecture  ; 
et  de  fourniture  d'un  signal  de  commande  de  gain 
qui  est  fonction  de  ladite  vitesse  de  bande  ma- 
gnetique  detectee  de  maniere  a  reduire  le  gain  de  5 
sortie  audio  lorsque  ladite  vitesse  de  bande  se  re- 
duit,  ledit  gain  etant  sensiblement  constant  lors- 
que  la  vitesse  de  bande  detectee  depasse  une 
valeur  predeterminee  et  etant  reduit  de  facon  per- 
manente  a  zero  lorsque  la  vitesse  de  bande  se  re-  10 
duit  de  ladite  valeur  jusqu'a  zero. 

7.  Precede  selon  la  revendication  6,  dans  lequel  le- 
dit  gain  est  lineairement  proportionnel  a  la  vitesse 
de  bande  pour  une  vitesse  de  bande  inferieure  a  15 
ladite  valeur  predeterminee. 

8.  Precede  selon  la  revendication  6,  ou  la  revendi- 
cation  7,  dans  lequel  ladite  etape  de  fourniture 
comprend  la  multiplication  d'un  gain  de  canal  au-  20 
dio  predetermine  parun  facteur  de  commande  de 
gain. 

25 
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