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(54)  Magnetic  recording  and/or  reproducing  apparatus. 

(57)  A  magnetic  recording  and/or  reproducing  ap- 
paratus,  for  example  a  video  tape  recorder  for 
recording  and/or  reproducing  digital  video  sig- 
nals  (SREC),  etc.  The  apparatus  is  aimed  at 
enabling  secure  execution  of  tracking  control 
even  when  recording  tracks  are  formed  with 
high  density.  In  the  present  invention,  a  first 
pilot  signal  (SP1)  of  large  azimuth  loss  and  a 
second  pilot  signal  (SP2)  without  azimuth  loss 
are  recorded  on  a  recording  track,  and  a  rough 
tracking  control  and  a  fine  tracking  control  are 
executed  on  the  basis  of  the  second  pilot  signal 
and  the  first  pilot  signal  respectively. 
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This  invention  relates  to  a  magnetic  recording 
and/  or  reproducing  apparatus,  and  is  applicable  to, 
for  example,  a  video  tape  recorder  for  recording 
and/or  reproducing  digital  video  signals. 

Heretofore,  there  has  been  a  type  of  a  video  tape 
recorder  in  which  a  video  signal  is  converted  into  a 
digital  signal  (hereinafter  referred  to  as  digital  video 
signal)  for  recording  and/or  reproducing. 

Namely,  a  digital  video  signal  does  not  cause  any 
deteriorating  of  picture  quality  even  if  repeatedly  proc- 
essed,  so  as  to  effectively  prevent  the  picture  quality 
deterioration  of  a  reproduced  picture  even  when  dub- 
bing  are  repeatedly  taken  place,  by  using  combina- 
tions  of  error  correcting  processes  etc.. 

By  the  way,  in  such  a  type  of  video  tape  recorder, 
it  can  be  considered  that  if  recording  tracks  can  be 
formed  with  more  density,  the  total  recording  density 
would  be  proportionally  enhanced. 

However,  in  the  tracking  control  used  in  the  con- 
ventional  video  tape  recorder,  it  has  been  difficult  to 
perform  a  tracking  control  of  high-accuracy.  There- 
fore,  if  the  recording  track  is  formed  with  high  density, 
there  would  arise  a  problem  that  the  tracking  would 
not  be  securely  controlled. 

Namely,  in  the  conventional  tracking  control,  a 
control  signal  (CTL)  is  recorded  on  a  control  track 
formed  in  the  longitudinal  direction  of  the  magnetic 
tape,  and  the  tracking  control  is  carried  out  using  this 
control  signal  (hereinafter  referred  to  as  CTL  meth- 
od). 

That  is,  in  such  a  method,  when  the  recording  is 
performed  in  the  video  tape  recorder,  the  control 
track  is  formed  in  the  longitudinal  direction  of  the 
magnetic  tape  and  the  control  signal  with  a  signal  lev- 
el  varying  in  synchronicity  with  the  rotation  of  the  ro- 
tary  drum  is  recorded  on  this  control  track. 

On  the  contrary,  when  the  reproducing  is  per- 
formed  in  the  video  tape  recorder,  the  control  signal 
and  a  reference  signal  synchronized  with  the  rotation 
of  the  rotary  drum  are  compared  in  phase  to  each 
other,  and  the  phase  of  a  capstan  motor  is  controlled 
on  the  basis  of  the  result  of  the  phase  comparison. 

However,  in  magnetic  tape,  the  distance  between 
a  recording  position  of  a  control  signal  and  a  recording 
track  formed  diagonally  on  the  magnetic  tape  could 
sometimes  vary  due  to  a  dispersion  of  the  tape  ten- 
sion  at  the  recording  and/or  reproducing  time,  change 
of  the  magnetic  tape  with  the  passage  of  time, 
change  of  the  magnetic  tape  driving  system,  etc.. 

Therefore,  in  conclusion,  it  is  difficult  to  perform 
the  tracking  control  with  high  accuracy  in  this  CTL 
method.  If  the  recording  track  is  formed  with  high 
density,  the  just  tracking  would  sometimes  become 
impossible. 

Meanwhile,  there  is  conventionally  known  an- 
other  method  for  tracking  control  in  which  a  predeter- 
mined  pilot  signal  is  recorded  on  the  recording  track 
along  with  picture  signals  and  is  used  as  a  basis  for 

the  tracking  control. 
Namely,  in  this  method,  a  burst  signal  of  low  fre- 

quency  and  less  azimuth  loss  is  selected  as  the  pilot 
signal,  which  is  recorded  on  the  recording  track  at  the 

5  time  of  recording. 
On  the  other  hand,  at  the  time  of  reproduction,  in 

this  tracking  control,  the  level  of  this  pilot  signal 
leaked  from  contiguous  tracks  in  front  and  rear  there- 
of  is  detected,  and  the  capstan  motor  is  phase- 

10  controlled  to  minimize  the  signal  level. 
However,  in  this  method,  when  the  recording 

and/or  reproducing  efficiency  of  the  magnetic  head  is 
dispersed,  for  example,  the  position  of  the  minimum 
pilot  signal  level  and  the  optimum  scanning  position 

15  of  the  magnetic  head  could  be  get  out  of  position. 
Therefore,  if  the  recording  track  is  formed  with  high 
density,  also  in  this  method  it  would  be  difficult  to  se- 
curely  perform  the  tracking  control. 

Further  in  this  method,  if  an  inserting  tape  edition 
20  is  repeated,  the  positional  divergence  would  be  accu- 

mulated  so  as  to  eventually  cause  a  disordered  repro- 
ducing  picture  before  and  after  the  inserting  edition. 

In  contrast,  there  is  also  another  method  in  which 
a  signal  level  of  a  reproducing  signal  obtained  from 

25  the  recording  track  is  detected,  so  that  the  tracking 
control  is  executed  to  maximize  the  signal  level. 

In  this  method,  however,  the  signal  level  of  the 
reproducing  signal  would  change  even  by  picture  pat- 
terns  etc.  since  the  signal  level  of  a  picture  signal  is 

30  detected,  thereby  making  it  difficult  to  perform  the 
tracking  control  with  high  accuracy. 

Further,  in  such  a  method,  due  to  the  use  of  the 
azimuth  recording  method  in  a  video  tape  recorder,  if 
equal  to  or  more  than  one  track  is  tracked  off,  almost 

35  no  reproducing  signal  could  be  detected,  making  the 
tracking  control  itself  difficult  to  be  executed. 

Even  when  the  range  to  be  tracked  off  is  less 
than  one  track,  a  disadvantage  that  a  certain  time 
would  be  required  for  just  tracking  would  arise. 

40  In  view  of  the  foregoing,  an  object  of  this  inven- 
tion  is  to  provide  a  magnetic  recording  and/or  repro- 
ducing  apparatus  being  capable  of  securely  execute 
the  tracking  control  even  when  the  recording  track  is 
formed  at  high  density. 

45  Viewed  from  one  aspect  the  invention  provides  a 
magnetic  recording  and/or  reproducing  apparatus  as 
described  in  claim  1. 

The  invention  may  be  embodied  by  the  provision 
of  a  magnetic  recording  and/or  reproducing  apparatus 

so  10  in  which  by  the  use  of  a  plurality  of  magnetic  heads 
A  to  D  disposed  on  a  rotary  drum  12,  recording  tracks 
TA,  TB,  TC,  TD,  ...  are  formed  in  order  helically  in  the 
longitudinal  direction  of  a  magnetic  tape  2  forazimu- 
thally  recording  a  predetermined  recording  signal 

55  SREC,  wherein  afirstpilotsignal  SP1  of  high  frequen- 
cy  subject  to  azimuth  loss  and  a  second  pilot  signal 
SP2  of  low  frequency  with  less  azimuth  loss  are  re- 
corded  on  the  recording  tracks  TA,  TB,  TC,  TD,  ..  at 
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the  time  of  recording  the  recording  signal  SREC,  and 
when  the  recording  signal  SREC  is  reproduced,  a 
tracking  control  is  executed  on  the  basis  of  a  repro- 
duced  signal  SR  of  the  first  and  second  pilot  signals 
SP1  and  SP2. 

Further,  the  recording  tracks  TA,  TB,  TC,  TD,  ... 
may  have  first  and  second  recording  areas  ARP1  and 
ARP2  in  the  longitudinal  direction  thereon  with  the 
first  pilot  signal  SP1  recorded  on  the  first  recording 
area  ARP1  and  the  second  pilot  signal  SP2  recorded 
on  the  second  recording  area  ARP2. 

Further,  the  recording  tracks  TA,  TB,  TC,  TD,  ... 
may  have  a  first  recording  area  ARP1  substantially  at 
the  center  in  the  longitudinal  direction  thereon  and  a 
second  recording  area  ARP2  at  a  scanning  start  end 
of  the  magnetic  heads  A  to  D  with  a  predetermined 
distance  from  the  first  recording  area  ARP1  ,  the  first 
pilot  signal  SP1  being  recorded  on  the  first  recording 
area  ARP1,  the  second  pilot  signal  SP2  being  record- 
ed  on  the  second  recording  area,  and  a  predeter- 
mined  recording  signal  SREC  being  recorded  at  an 
area  between  the  first  and  the  second  recording 
areas  ARP1  and  ARP2. 

Further,  the  recording  tracks  TA,  TC,  TC,  TD,  ... 
may  have  a  first  and  a  second  recording  areas  ARP1 
and  ARP2  in  the  longitudinal  direction  thereon,  the 
first  pilot  signal  SP1  being  recorded  on  the  first  re- 
cording  area  ARP1,  the  second  pilot  signal  SP2  being 
recorded  on  the  first  recording  track  TB  between  the 
first  and  the  second  recording  tracks  TB  and  TC 
which  are  successive  in  the  longitudinal  direction  of 
the  magnetic  tape  2,  a  guard  signal  of  high  frequency 
subject  to  azimuth  loss  being  recorded  on  the  subse- 
quent  second  recording  track  TC,  or  a  signal-free  area 
being  formed  on  the  second  recording  track  TC. 

Further,  the  recording  tracks  TA,  TB,  TC,  TD,  ... 
may  have  first  and  second  recording  areas  ARP1  and 
ARP2  in  the  longitudinal  direction  thereon,  the  first  pi- 
lot  signal  being  recorded  on  the  first  recording  area 
ARP1,  and  the  second  pilot  signal  SP2  being  record- 
ed  in  phase-matched  state  between  contiguous  re- 
cording  tracks  TA  and  TB  on  the  second  recording 
area  ARP2. 

Further,  the  magnetic  heads  A  to  D  may  be  ar- 
ranged  such  that  the  magnetic  heads  having  positive 
and  negative  azimuth  angles  A  and  B  (C  and  D)  to- 
gether  form  a  pair  so  as  to  form  recording  tracks  TA 
and  TB  (TC  and  TD)  having  positive  and  negative  azi- 
muth  angles  are  alternately  formed  in  order  in  the 
longitudinal  direction  of  the  magnetic  tape  2,  and  in 
the  first  recording  area  ARP1  the  first  pilot  signal  SP1 
is  recorded  on  the  recording  track  TA  or  TB  (TC  orTD) 
of  positive  or  negative  azimuth  angle  while  a  signal- 
free  area  is  formed  on  the  subsequent  recording  track 
TB  or  TA  (TD  or  TC)  of  negative  or  positive  azimuth 
angle. 

Further,  the  recording  tracks  TA,  TB,  TC, 
TD,  ...may  have  a  first  recording  area  ARP1  in  the 

longitudinal  direction  thereon  and  a  second  recording 
area  ARP2  at  a  scanning  start  end  side  of  the  mag- 
netic  heads  Ato  D  with  a  predetermined  distance  from 

5  the  first  recording  area  ARP1,  the  first  pilot  signal 
SP1  being  recorded  on  the  first  recording  area  ARP1  , 
the  second  pilot  signal  SP2  being  recorded  on  the 
second  recording  area  ARP2,  and  a  predetermined 
recording  signal  SREC  being  recorded  at  an  area  be- 

10  tween  the  first  and  the  second  recording  areas  ARP1 
and  ARP2,  the  magnetic  heads  Ato  D  being  arranged 
such  that  the  magnetic  heads  A  and  B  (Cand  D)  hav- 
ing  positive  and  negative  azimuth  angles  together 
form  pairs  so  as  to  form  recording  track  TA  or  TB  (TC 

15  or  TD)  of  positive  and  negative  azimuth  angles  alter- 
nately  in  order  in  the  longitudinal  direction  of  the  mag- 
netic  tape  2,  and  the  magnetic  heads  A  and  B  (C  and 
D)  having  positive  and  negative  azimuth  angles  being 
located  on  the  rotary  drum  12  in  such  a  manner  that 

20  the  magnetic  head  B  or  A(D  orC)  having  negative  or 
positive  azimuth  angle  scans  the  second  recording 
area  ARP2  at  the  same  timing  as  the  magnetic  head 
A  or  B  (C  or  D)  having  positive  or  negative  azimuth  an- 
gle  scans  the  first  recording  area  ARP1. 

25  Further,  the  tracking  control  may  be  executed  in 
such  a  mannerthat  the  timing  of  reproducing  the  sec- 
ond  pilot  signal  SP2  is  detected  with  a  predetermined 
reference  signal  PG  as  a  basis,  the  magnetic  tape 
driving  system  22  being  controlled  on  the  basis  of  the 

30  result  of  the  timing  detection  so  that  the  signal  level 
of  the  reproducing  signal  SR  of  the  first  pilot  signal 
SP1  becomes  maximum. 

By  recording  the  first  pilot  signal  SP1  of  high  fre- 
quency  subject  to  azimuth  loss  and  the  second  pilot 

35  signal  SP2  of  low  frequency  with  less  azimuth  loss, 
and  by  performing  the  tracking  control  on  the  basis 
of  the  reproducing  signal  SR  of  the  first  and  the  sec- 
ond  pilot  signal  SP1  and  SP2  at  the  time  of  reproduc- 
tion,  the  tracking  accuracy  can  be  enhanced  by  effec- 

40  tive  use  of  the  advantages  of  the  first  pilot  signal  of 
high  frequency  subject  to  the  azimuth  loss  and  of  the 
second  pilot  signal  SP2of  low  frequency  with  less  azi- 
muth  loss. 

At  this  time,  if  a  first  and  second  recording  areas 
45  ARP1  and  ARP2  are  formed  in  the  longitudinal  direc- 

tion  on  the  recording  tracks  TA,  TB,  TC,  TD  the 
first  pilot  signal  SP1  is  recorded  on  the  first  recording 
area  ARP1,  and  the  second  pilot  signal  SP2  is  record- 
ed  on  the  second  recording  area  ARP2,  the  first  and 

so  the  second  pilot  signals  SP1  and  SP2  can  be  easily 
separated  at  the  time  of  reproduction. 

Further,  if  a  predetermined  recording  signal 
SREC  is  recorded  at  an  area  between  the  first  and 
the  second  recording  areas  ARP1  and  ARP2,  the  re- 

55  cording  density  can  be  enhanced  by  an  effective  use 
of  an  area  between  the  first  and  the  second  recording 
areas  ARP1  and  ARP2. 

On  the  second  recording  area  ARP2,  between 
the  successive  first  and  second  recording  tracks  TB 

3 
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and  TC,  if  the  second  pilot  signal  SP2  is  recorded  on 
the  first  recording  track  TB,  a  guard  signal  of  high  fre- 
quency  subject  to  azimuth  loss  is  recorded  on  the 
successive  recording  track  TC,  or  a  signal-free  are  on  5 
the  second  recording  track  TC,  it  becomes  possible  to 
prevent  undesirable  effects  to  be  generated  as  a 
cross-talk  from  the  contiguous  recording  track  TC. 

On  the  other  hand,  reproducing  signals  without 
any  waveform  distortion  can  be  obtained  by  recording  10 
the  second  pilot  signal  in  phase-matched  state  for 
contiguous  tracks. 

Meanwhile,  on  the  first  recording  area  ARP1,  if 
the  first  pilot  signal  SP1  is  recorded  on  the  recording 
track  TA  or  TB  (TC  or  TD)  of  positive  or  negative  azi-  15 
muth  angle,  and  a  signal-free  area  is  formed  on  the 
subsequent  recording  track  TB  or  TA  (TD  or  TC)  of 
negative  or  positive  azimuth  angle,  the  signal  level  of 
the  reproducing  signal  can  be  varied  in  accordance 
with  the  off-  track  amount  20 

Further,  for  the  magnetic  heads  A  and  B  (C  and 
D)  having  positive  and  negative  azimuth  angles,  if  the 
magnetic  head  B  or  A  (D  or  C)  having  negative  or  pos- 
itive  azimuth  angle  is  disposed  on  the  rotary  drum  to 
scan  the  second  recording  area  ARP2  at  the  same  25 
timing  as  the  magnetic  head  A  or  B  (C  or  D)  having 
positive  or  negative  azimuth  angle  scans  the  first  re- 
cording  area  ARP1,  it  would  become  possible  to  pre- 
vent  the  leakage  of  a  recording  signal  SREC  even 
when  the  inserting  edition  is  executed.  30 

Further,  if  the  timing  of  reproducing  the  second 
pilot  signal  SP2  is  detected  with  a  predetermined  ref- 
erence  signal  PG  as  a  basis,  the  magnetic  tape  driv- 
ing  system  22  is  controlled  on  the  basis  of  the  result 
of  the  timing  detection,  the  signal  of  the  reproducing  35 
signal  SR  of  the  first  pilot  signal  SP1  is  detected,  and 
the  magnetic  tape  driving  system  is  controlled  so  as 
to  maximize  the  signal  level  of  the  reproducing  signal 
SR,  it  would  become  possible  to  perform  rough  track- 
ing  control  using  the  second  pilot  signal  SP2  and  fine  40 
tracking  control  using  the  first  pilot  signal  SP1  . 

An  embodiment  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example  only,  with  reference  to  the 
accompanying  drawings  in  which: 

Fig.  1  is  a  schematic  view  showing  a  recording  45 
format  of  a  video  tape  recorder  according  to  one 
embodiment  of  the  present  invention; 
Fig.  2  is  a  schematic  view  showing  the  composi- 
tion  of  Fig.  1  in  more  detail; 
Fig.  3  is  a  schematic  view  for  an  explanation  of  50 
tracking  servo  using  a  second  pilot  signal  thereof; 
Fig.  4  is  a  schematic  view  for  an  explanation  of 
tracking  servo  using  a  first  pilot  signal  thereof; 
Fig.  5  is  a  block  diagram  showing  a  video  tape  re- 
corder  incorporating  the  tracking  servo;  55 
Figs.  6A  and  6B  are  signal  wave  diagrams  for  an 
explanation  of  signal  leakage  when  a  space  be- 
tween  a  first  and  a  second  recording  areas  is  in- 
creased; 

Figs.  7Aand  7B  are  signal  waveform  diagrams  for 
an  explanation  of  signal  leakage  when  the  space 
between  the  first  and  second  recording  areas  is 
reduced; 
Figs.  8A  and  8B  are  signal  wave  diagrams  for  an 
explanation  of  signal  leakage  in  the  video  tape  re- 
corder  of  the  shown  embodiment; 
Fig.  9  is  a  schematic  view  for  an  explanation  of  a 
case  where  the  first  and  the  second  recording 
areas  are  closely  formed; 
Fig.  10  is  a  schematic  view  for  an  explanation  of 
a  case  where  the  first  and  the  second  recording 
areas  are  formed  remote  from  each  other;  and 
Fig.  11  is  a  block  diagram  showing  a  composition 
of  a  practical  tracking  servo  circuit. 
Preferred  embodiments  of  this  invention  will  be 

described  with  reference  to  the  accompanying  draw- 
ings: 

(1)  Recording  Format 

In  Fig.  1,  1  generally  designates  a  recording  for- 
mat  of  a  video  tape  recorder  incorporating  the  present 
invention,  in  which  three  recording  tracks  CUE,  CTL 
and  TCC  are  formed  in  the  longitudinal  direction  of  a 
magnetic  tape  2. 

Among  them,  in  the  recording  track  CUE  formed 
at  the  upper  side  of  the  magnetic  tape  2,  an  audio  sig- 
nal  of  one  channel  is  recorded  in  the  form  of  analog 
signal,  so  as  to  enable  the  reproduction  of  the  audio 
signal  even  when  the  magnetic  tape  is  quickly  for- 
warded. 

Meanwhile,  the  recording  tracks  CTL,  TCC 
formed  at  the  lower  side  are  formed  to  record  a  con- 
trol  signal  and  a  time  record  signal  respectively  such 
that  the  time  record  signal  is  reproduced  for  the  edit- 
ing  process  or  the  like  and  the  time  record  signal  can 
be  interpolated  with  the  control  signal  as  a  basis  in 
case  of  quickly  forwarding  reproduction  etc.,  as  re- 
quired. 

In  addition,  in  this  recording  format  1,  recording 
tracks  TA,  TB,  TC,  TD,  ...  are  formed  helically  in  order 
at  the  central  portion  of  the  magnetic  tape  2  for  re- 
cording  digital  video  signals  thereon. 

At  this  time,  in  the  recording  format  1,  the  record- 
ing  tracks  TA,  TB,  TC,  TD,  ...  are  formed  closely  to 
each  other  with  a  1/4  of  the  conventional  track  pitch 
i.  e.  0.012  [mm]  so  that  the  recording  tracks  TA,  TB, 
TC,  TD,  ...  are  formed  at  high  density,  thereby  ena- 
bling  an  efficient  recording  of  the  digital  video  signals. 

In  the  recording  tracks  TA,  TB,  TC,  TD  the 
digital  video  signals  are  recorded  by  a  recording  head 
having  positive  and  negative  azimuth  angles  respec- 
tively  so  as  to  perform  the  azimuth  recording  with  the 
successive  recording  tracks  TAand  TB,  TCand  TD,  ... 
respectively  forming  pairs. 

Further,  in  these  paired  recording  tracks  TAand 
TB,  TC  and  TD  the  scanning  start  end  and  the 

4 
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scanning  finish  end  are  formed  to  substantially  ac- 
corded,  dividing  the  recording  area  into  the  longitudi- 
nal  direction  of  the  recording  tracks  TA,  TB,  TC, 
TD 

A  recording  area  ARA  for  the  audio  signal  is 
formed  at  the  central  position  of  the  recording  tracks 
TA,  TB,  TC,  TD  and  an  audio  signal  of  four  chan- 
nel  is  PCM-recorded  on  this  audio  signal  recording 
area  ARA. 

Further,  at  both  ends  of  the  audio  signal  record- 
ing  area  ARA,  a  video  signal  recording  area  ARV  is 
formed  with  a  predetermined  recording  area  there- 
between,  and  the  digital  video  signal  is  recorded  in 
this  video  signal  recording  area  ARV. 

For  the  video  signal  recording  area  ARV,  six  re- 
cording  tracks  act  to  record  the  video  signals  for  one 
frame,  and  furthermore  the  digital  video  signal  and 
the  audio  signal  are  recorded  in  accordance  with 
Class  4  Partial  Response  method. 

As  shown  in  Fig.  2,  a  first  and  a  second  recording 
areas  ARP1  and  ARP2  are  formed  between  the  audio 
signal  recording  area  ARA  and  the  video  signal  re- 
cording  area  ARV,  and  a  pilot  signal  for  the  tracking 
control  is  recorded  in  these  f  irstand  second  recording 
areas  ARP1  and  ARP2. 

In  the  second  recording  area  ARP2  at  the  scan- 
ning  start  end  side,  the  second  pilot  signal  SP2  is  re- 
corded  at  two  recording  track  period  with  respect  to 
the  paired  recording  tracks  TA  and  TB,  TC  and  TD 
with  a  predetermined  distance  spaced  in  the  forward 
or  reward  direction.  In  this  format,  a  burst  signal  of  fre- 
quency  41  7  [kHz]  which  is  scarcely  subject  to  the  azi- 
muth  loss  is  selected  as  the  second  pilot  signal  SP2. 

At  this  time,  the  second  pilot  signal  SP2  is  record- 
ed  with  the  same  phase  in  the  longitudinal  direction 
of  the  recording  tracks  TAand  TB  thereon.  As  a  result, 
even  when  the  magnetic  head  scans  stepping  over 
the  recording  tracks  TAand  TB,  the  pilot  signal  could 
be  reproduced  without  no  waveform  distortion. 

Further,  a  burst  signal  of  a  frequency  16  [MHz] 
subject  to  azimuth  loss  (hereinafter  referred  to  as 
guard  signal)  is  recorded  on  an  area  of  not  recording 
the  second  pilot  signal  SP2  such  that  the  second  pilot 
signal  SP2  is  recorded  by  separated  from  the  audio 
signal  recording  area,  the  video  signal  recording  area 
and  the  contiguous  tracks. 

Therefore,  in  the  second  recording  area  ARP2, 
even  when  the  magnetic  head  tracks  off  toward  the 
contiguous  area  with  respect  to  the  second  pilot  sig- 
nal  SP2  recorded-area,  only  the  second  pilot  signal 
SP2  can  be  securely  detected. 

In  this  manner,  since  the  second  pilot  signal  SP2 
almost  without  azimuth  loss  is  recorded  at  a  two-re- 
cording  track  period,  it  is  possible  to  reproduce  the 
second  pilot  signal  even  when  the  two  magnetic 
heads  tracks  off  forwardly  or  rewardly  in  a  range  of 
two  tracks  with  respect  to  the  paired  recording  tracks 
TAand  TB,  TC  and  TD,  such  that  the  second  pilot  sig- 

nal  SP2  can  be  securely  detected  even  when  the 
scanning  position  of  the  magnetic  head  changes. 

For  reference,  if  the  off-track  takes  place  for  a 
5  range  of  more  than  two  tracks,  in  this  embodiment, 

the  second  pilot  signal  can  be  reproduced  from  a  re- 
cording  track  with  four  tracks  remote  therefrom.  Thus, 
the  second  pilot  signal  can  be  detected  irrespective 
of  the  scanning  position  on  the  magnetic  tape. 

10  Moreover,  even  if  at  this  time  the  magnetic  head 
tracks  off  to  and  scans  a  contiguous  recording  track 
on  which  a  guard  signal  is  recorded,  only  the  second 
pilot  signal  can  be  detected.  As  a  result,  undesirable 
signal  leakage  from  the  contiguous  recording  track 

15  can  be  prevented  so  as  to  enable  to  securely  detect 
the  second  pilot  signal  SP2  only  from  the  target  track. 
In  this  embodiment,  it  is  constructed  that  the  tracking 
operation  is  roughly  carried  out  on  the  basis  of  the  re- 
producing  signal  of  the  second  pilot  signal  SP2. 

20  In  practice,  in  this  type  of  videotape  recorder,  the 
signal  leakage  from  the  contiguous  tracks  has  been 
prevented  by  performing  the  azimuth  recording. 
Therefore,  when  the  tracking  control  is  executed  us- 
ing  a  pilot  signal  of  high  frequency,  if  equal  to  or  more 

25  than  one  track  is  tracked  off,  the  pilot  signal  cannot 
be  detected,  thereby  making  the  tracking  control  dif- 
ficult  to  be  performed. 

On  the  contrary,  if  the  tracking  control  is  carried 
out  using  a  pilot  signal  of  low  frequency,  the  pilot  sig- 

30  nal  can  be  detected  even  if  the  off-tracking  amount  in- 
creases,  since  there  is  no  azimuth  loss.  However,  a 
problem  that  a  leakage  from  the  contiguous  recording 
tracks  would  arise  so  as  to  make  the  tracking  control 
with  high  accuracy  difficult  to  be  executed. 

35  In  particular,  when  the  video  signal  and  the  audio 
signal  are  recorded  using  the  Class  4  Partial  Re- 
sponse  as  in  this  embodiment,  a  signal  component  of 
low  frequency  would  be  sometimes  recorded  even  for 
the  video  and  audio  signals,  and  the  leakage  of  this 

40  signal  component  also  would  deteriorate  the  tracking 
accuracy. 

However,  if,  as  in  this  embodiment,  a  pilot  signal 
of  low  frequency  is  recorded  at  two  tracks  period  and 
a  guard  signal  is  interpolated  between  the  contiguous 

45  recording  track,  the  audio  signal  recording  area  ARA 
and  the  video  signal  recording  area  ARV  to  separately 
record  the  second  pilot  signal  SP2,  any  signal  leak- 
age  from  the  contiguous  recording  tracks,  the  audio 
signal  recording  area  ARA  and  the  video  signal  re- 

50  cording  area  ARV  can  be  prevented  and  the  pilot  sig- 
nal  can  be  securely  detected  even  when  equal  to  or 
more  than  one  track  of  off-  tracking  takes  place,  so  as 
to  provide  more  simple  and  secure  tracking  control. 

It  is  also  possible  to  reduce  the  time  required  to 
55  rise  for  just  tracking. 

Further,  performing  the  tracking  control  by  com- 
bination  with  the  pilot  signal  SP1  recorded  on  the  first 
recording  area  ARP1  would  enable  more  accurate 
tracking  control. 

5 
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In  addition,  since  a  reproducing  signal  without 
any  waveform  distortion  can  be  output  by  recording 
the  pilot  signal  SP2  with  the  same  phase  for  the  re- 
cording  tracks  TAand  TB,  the  pilot  signal  SP2  can  be 
securely  detected  thereby,  and  correspondingly  the 
accuracy  of  the  tracking  control  would  be  enhanced. 

In  accordance  therewith,  the  first  pilot  signal  SP1 
is  recorded  with  a  distance  remote  from  the  contigu- 
ous  track  by  performing  the  recording  for  each  re- 
cording  track,  and  with  a  predetermined  distance 
from  the  forward  and  reward  audio  signal  recording 
area  ARA  and  the  video  signal  recording  area  ARV, 
and  in  the  case  of  the  present  embodiment  a  signal- 
free  area  is  formed  between  the  recording  areas 
ARA,  ARV  and  the  contiguous  track. 

Therefore,  for  the  first  pilot  signal  SP1  ,  when  the 
magnetic  heads  Ato  D  track  off  to  scan,  the  signal  lev- 
el  of  the  reproducing  signal  would  be  reduced,  and  if 
the  off-tracking  amount  becomes  equal  to  or  more 
than  one  track,  the  reproduction  would  be  impossible. 

In  view  of  this,  in  this  format,  it  is  composed  that 
the  tracking  control  is  roughly  regulated  in  accor- 
dance  with  the  reproducing  signal  of  the  second  pilot 
signal  SP2  and  the  tracking  control  is  finely  regulated 
in  accordance  with  the  reproducing  signal  of  the  first 
pilot  signal,  thereby  enabling  the  tracking  control  with 
higher  accuracy. 

Namely,  for  the  second  pilot  signal  SP2,  while 
there  is  an  advantage  that  the  reproducing  signal  can 
be  detected  even  when  equal  to  or  more  than  one 
track  is  tracked  off  due  to  the  low  frequency,  the  dis- 
advantage  is  the  low  tracking  accuracy. 

Meanwhile,  for  the  first  pilot  signal  SP1,  the  ad- 
vantage  is  the  high  accuracy  of  the  tracking  control 
due  to  the  high  frequency  and  the  disadvantage  is 
that  the  tracking  control  becomes  impossible  when 
equal  to  or  more  than  one  track  is  tracked  off. 

Therefore,  according  to  this  embodiment,  the 
tracking  control  is  roughly  regulated  on  the  basis  of 
the  second  pilot  signal  SP2  and  finely  regulated  on 
the  basis  of  the  first  pilot  signal  SP1  for  mutually  com- 
pensating  the  disadvantages  thereof.  As  a  result, 
even  when  equal  to  or  more  than  one  track  is  tracked 
off,  the  tracking  control  can  be  executed  with  high  ac- 
curacy. 

Further,  for  a  video  tape  recorder,  since  the  first 
and  the  second  recording  areas  ARP1  and  ARP2  are 
disposed  before  and  behind  the  audio  signal  record- 
ing  area  as  the  center,  the  tracking  control  can  be  per- 
formed  with  high  accuracy  with  the  substantially  cen- 
tral  position  of  the  respective  recording  track  as  basis. 

In  practice,  when  such  type  of  pilot  signals  SP1 
and  SP2  are  recorded  at  the  scanning  start  end  for 
tracking,  the  off-tracking  amount  tends  to  be  in- 
creased  at  the  side  end  opposed  to  the  recording  pos- 
ition  of  the  pilot  signals  SP1  and  SP2  due  to  the  ex- 
pansion  and  contraction  of  the  magnetic  tape  2  in  the 
longitudinal  direction  and  the  inter-machine  disper- 

sion  of  the  scanning  angle,  and  the  C/N  ratio  of  the 
reproducing  signal  would  be  correspondingly  and  sig- 
nificantly  deteriorated. 

5  However,  as  in  this  embodiment,  if  the  pilot  sig- 
nals  SP1  and  SP2  are  recorded  substantially  at  the 
central  position  in  the  scanning  direction,  the  deteri- 
oration  of  the  large  off-tracking  amount  can  be  corre- 
spondingly  dispersed  to  the  scanning  start  end  side 

10  and  the  scanning  finish  end  side,  thereby  preventing 
significant  deterioration  of  the  C/N  ratio  of  the  repro- 
ducing  signal. 

(2)  Principles  of  the  Tracking  Control 
15 

Fig.  3  shows  principles  of  the  tracking  control  in 
which  the  tracking  control  is  executed  to  accord  the 
scanning  course  SC  with  the  recording  track  T. 

For  a  video  tape  recorder  in  this  case,  there  is  a 
20  off-track  with  a  distance  Tr  in  the  direction  perpendic- 

ular  to  the  recording  track  T.  Therefore,  it  is  under- 
stood  that  the  just  tracking  is  obtained  by  moving  the 
position  of  the  recording  track  for  a  distance  X  in  the 
longitudinal  direction  of  the  magnetic  tape  2  by  con- 

25  trolling  the  magnetic  tape  driving  system. 
Namely,  the  tracking  control  can  be  desirably 

performed  by  controlling  the  magnetic  tape  driving 
system  to  make  the  distance  X  zero.  In  this  embodi- 
ment,  the  tracking  error  amount  is  roughly  detected 

30  by  performing  time  measurement  (i.e.  in  this  case  the 
time  t  is  detected)  of  the  distance  X  with  the  second 
recording  area  ARP2  as  a  basis. 

Therefore,  in  this  embodiment,  the  time  t1  re- 
quired  until  the  second  pilotsignal  SP2  rises  afterthe 

35  rising  of  a  drum  PG  signal  PG  in  synchronicity  with 
the  rotation  of  the  rotary  drum. 

In  this  case,  when  the  magnetic  head  is  accurate- 
ly  scanning  the  reproducing  track  T,  the  second  pilot 
signal  SP2  rises  after  a  predetermined  period  t2  has 

40  passes  with  respect  to  the  drum  PG  signal  PG. 
Therefore,  it  is  understood  that  the  time  difference 
between  t1  and  t2  is  proportional  to  the  off  tracking 
amount  Tr. 

However,  since  the  period  of  the  signal  itself  is 
45  too  long  in  such  a  pilot  signal  SP2  of  low  frequency, 

the  off  tracking  amount  cannot  be  accurately  detect- 
ed  by  the  time  measurement. 

Therefore,  the  second  pilot  signal  is  used  for 
rough  tracking  control  for  its  advantage  that  the  off 

so  tracking  amount  can  be  detected  even  when  equal  to 
or  more  than  one  track  of  offset  exists,  while  the  first 
pilot  signal  SP1  is  used  for  fine  adjustment  of  the  off 
tracking  amount. 

Namely,  as  shown  in  Fig.  4,  for  the  first  pilot  sig- 
55  nal  SP1,  a  signal  with  large  azimuth  loss  is  recorded 

for  each  track  in  the  burst  form.  Therefore,  if  any  off 
tracking  from  the  track  center,  the  signal  level  of  the 
reproducing  signal  would  be  abruptly  lowered. 

In  view  of  this,  by  controlling  the  magnetic  tape 

6 
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driving  system  to  track  off  in  a  fine  range  as  shown  by 
arrow  a,  and  judging  that  an  off  tracking  has  taken 
place  when  the  signal  level  is  abruptly  falls  as  shown 
by  arrows  b  and  c,  it  becomes  possible  to  execute  the 
tracking  control  with  high  accuracy. 

Also  for  the  conventional  video  tape  recorder  (a 
video  tape  recorder  with  8  [mm]  of  the  magnetic  tape 
width)  has  incorporated  a  method  for  performing  the 
tracking  control  by  detecting  the  signal  level  of  the  pi- 
lot  signal,  as  in  this  embodiment. 

However,  this  conventional  tracking  control  fea- 
tures  to  perform  the  tracking  control  by  detecting 
leakage  from  the  contiguous  tracks,  therefore,  such 
a  high-accuracy  tracking  control  as  performed  in  this 
embodiment  is  impossible. 

Thus,  by  recording  the  second  pilot  signal  of  no 
azimuth  loss  and  the  first  pilot  signal  of  large  azimuth 
loss,  roughly  correcting  the  off  tracking  by  the  second 
pilot  signal,  and  finely  correcting  the  off  tracking  by 
the  first  pilot  signal,  it  is  possible  to  securely  perform 
the  tracking  control  even  when  the  recording  track  is 
formed  with  high  density. 

(3)  Composition  of  the  Video  Tape  Recorder 

For  the  video  tape  recorder  10,  as  shown  in  Fig. 
5,  a  plurality  of  magnetic  heads  Ato  D  are  mounted 
on  the  rotary  drum  12  and  used  by  being  switched  for 
recording  the  video  signal  and  the  audio  signal  in  ac- 
cordance  with  the  aforementioned  format. 

Namely,  the  magnetic  heads  A  and  B  of  positive 
and  negative  azimuth  angles  are  mounted  on  the  ro- 
tary  drum  12  with  a  predetermined  angle  distance  m 
therebetween,  and  furtherthe  magnetic  heads  C  and 
D  of  positive  and  negative  azimuth  angles  are  mount- 
ed  thereon  to  oppose  at  an  angle  of  180  degrees  to 
the  magnetic  heads  A  and  B  of  the  positive  and  neg- 
ative  azimuth. 

In  the  video  tape  recorder  10,  the  recording  sig- 
nal  SREC  generated  by  the  recording  signal  generat- 
ing  circuit  14  is  output  by  the  magnetic  heads  A  to  D 
for  sequentially  forming  the  recording  tracks  in  the 
aforementioned  format. 

At  this  time,  in  the  video  tape  recorder  10,  the 
magnetic  tape  is  wound  around  the  rotary  drum  12 
with  a  180  degrees  of  winding  angle  such  that  the 
paired  magnetic  heads  A  and  B,  C  and  D  form  the  re- 
cording  tracks  TA  and  TB,  TC  and  TD  respectively, 
substantially  at  the  same  timing. 

Further,  at  this  time,  in  the  recording  signal  gen- 
erating  circuit  14,  the  divergence  of  the  scanning  tim- 
ing  between  the  preceding  pair  of  magnetic  heads  A 
and  C  and  the  latter  pair  of  magnetic  heads  B  and  D 
is  corrected  by  changing  the  timing  of  the  recording 
signals  SREC  to  be  output  to  the  magnetic  heads  A 
to  D,  thereby  sequentially  forming  the  recording 
tracks  in  a  predetermined  format. 

In  addition,  at  the  time  of  inserting  edition,  the  re- 

cording  signal  generating  circuit  14  outputs  neces- 
sary  recording  signal  SREC  only  for  a  period  during 
which  the  magnetic  heads  Ato  D  scan  predetermined 

5  areas  of  the  video  signal  recording  area  ARV  or  the 
audio  signal  recording  area  ARA  in  accordance  with 
the  editing  mode. 

Consequently,  in  the  video  tape  recorder  10, 
even  at  the  time  of  inserting  edition  in  addition  to  in 

10  the  reproducing  mode,  it  is  possible  to  perform  the 
tracking  control  globally  on  the  basis  of  the  reproduc- 
ing  signal  SR  obtained  from  the  first  and  the  second 
recording  areas  ARP1  and  ARP2. 

Namely,  in  the  video  tape  recorder  10,  the  cap- 
is  stan  motor  22  is  driven  by  a  motor  driving  circuit  20 

on  the  basis  of  velocity  control  data  DF  output  from 
the  velocity  control  circuit  18.  At  this  time,  a  rotating 
velocity  detecting  signal  FG  varying  in  accordance 
with  the  rotating  velocity  of  the  capstan  motor  22  is 

20  amplified  by  the  amplifying  circuit  24  and  thereafter 
is  wave-shaped  by  a  wave-shaping  circuit  26  to  be 
output  to  the  velocity  control  circuit  18. 

The  velocity  control  circuit  18  rotating  drives  the 
capstan  motor  22  on  the  basis  of  the  rotating  velocity 

25  detecting  signal  FG  at  a  predetermined  rotating  veloc- 
ity. 

Further  the  video  tape  recorder  10,  after  ampli- 
fying  the  reproducing  signal  SR  output  from  the  mag- 
netic  heads  Ato  D  by  the  reproducing  and  amplifying 

30  circuit  28,  output  them  to  a  timing  pulse  generating 
circuit  30  and  an  RF  maximum  value  detecting  circuit 
32. 

Here,  the  timing  pulse  generating  circuit  30  ex- 
tracts  signal  component  of  the  second  pilot  signal  by 

35  a  band-pass-filter  circuit  and  performs  envelop-de- 
tection  on  it  for  detecting  the  signal  level  of  the  sec- 
ond  pilot  signal  SP2. 

Further,  the  timing  pulse  generating  circuit  30 
supplies  the  envelop-detected  output  to  a  comparing 

40  circuit  providing  a  compared  result  with  a  predeter- 
mined  reference  level,  thereby  detecting  the  rising  of 
the  second  pilot  signal  SP2. 

After  rising  of  the  counter  operation  simultane- 
ously  with  the  rising  of  the  drum  PG  signal  PG,  the 

45  time  interval  measuring  circuit  34  controls  to  step  the 
counting  operation  simultaneously  with  the  rising  of 
the  second  pilot  signal  on  the  basis  of  the  detected 
result  of  the  timing  pulse  generating  circuit  30,  so  as 
to  measure  the  rising  time  of  the  second  pilot  signal 

so  SP2. 
Further,  the  time  interval  measuring  circuit  34 

provides  a  compared  result  of  this  counted  result  and 
a  predetermined  reference  value,  and  outputs  phase 
control  data  DS1  in  accordance  with  the  compared  re- 

55  suit. 
Thus,  in  the  video  tape  recorder  10,  the  capstan 

motor  22  is  driven  by  adding  phase  controlling  data 
DS1  to  the  velocity  control  data  DF  in  the  adding  cir- 
cuit  36  so  as  to  roughly  controlling  the  tracking  with 

7 
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the  second  pilot  signal  SP2  as  a  basis. 
On  the  other  hand,  the  RF  maximum  value  de- 

tecting  circuit  32  extracts  the  signal  component  of  the 
first  pilot  circuit  by  the  band  pass  filter  circuit  for  en- 
velop  detection,  thereby  detecting  the  level  of  the  first 
pilot  signal  SP1. 

Further,  the  RF  maximum  value  detecting  circuit 
32  provide  a  compared  result  of  the  envelope  detect- 
ed  output  and  an  envelope  detected  output  of  one  per- 
iod  before  accumulated  in  a  predetermined  memory 
means  for  detecting  increase  or  decrease  of  the  sig- 
nal  level  of  the  first  pilot  signal  SP1,  and  outputs 
phase  control  data  DS2  on  the  basis  of  the  detected 
result. 

In  this  manner,  in  the  video  tape  recorder  10,  the 
adding  circuit  38  adds  the  phase  control  data  DS2  to 
the  adding  signal  from  the  adding  circuit  36,  and  the 
resulting  added  signal  acts  to  drive  the  capstan  motor 
22  so  as  to  enable  fine  tracking  control  with  the  first 
pilot  signal  SP1  as  a  basis. 

On  inserting  edition,  when  the  signal  level  of  the 
first  pilot  signal  SP1  is  detected,  if  the  recording  sig- 
nal  SREC  is  supplied  to  the  magnetic  head  B,  it  in- 
vades  the  reproducing  signal  Sr  by  crosstalk,  disturb- 
ing  accurate  detection  of  the  signal  level  of  the  first 
pilot  signal  SP1. 

To  cope  with  such  a  problem,  in  this  embodiment, 
the  angle  distance  m  between  the  magnetic  heads  A 
and  B,  and  C  and  Dare  set  to  20  degrees,  and  the  dis- 
tance  L  (Fig.  1  )  between  the  first  recording  area  ARP1 
and  the  second  recording  area  ARP2  is  set  to  a  pre- 
determined  value,  such  that  at  the  same  timing  as  the 
preceding  magnetic  heads  A  and  C  scan  the  audio 
signal  recording  area  ARAand  thereafter  scan  the  re- 
cording  area  ARP1  of  the  first  pilot  signal  SP1  ,  the  lat- 
ter  magnetic  head  B  and  D  scan  the  recording  area 
ARP1  of  the  second  pilot  signal  SP2. 

In  practice,  as  shown  in  Figs.  6Aand  6B,  if  the  an- 
gle  distance  m  is  set  to  a  large  value  for  a  distance  L 
between  the  first  and  second  recording  areas  ARP1 
and  ARP2,  the  recording  signal  of  the  video  signal  is 
supplied  to  the  magnetic  head  B  (D)  (Fig.  6B)  during 
the  first  pilot  signal  SP1  is  reproduced  by  the  magnet- 
ic  head  A  (C)  (Fig.  6A),  and  in  this  case  the  recording 
signal  SREC  of  the  video  signal  SREC  will  invade  the 
reproducing  signal  of  the  first  pilot  signal  SP1. 

On  the  contrary,  as  shown  in  Figs.  7Aand  7B,  if 
the  angle  distance  m  is  set  to  a  small  value  for  the  dis- 
tance  L  between  the  first  and  the  second  recording 
areas  ARP1  and  ARP2,  the  recording  signal  SREC  of 
the  audio  signal  comes  to  be  supplied  to  the  magnetic 
head  B  (D)  (Fig.  7B)  during  the  first  pilot  signal  SP1 
is  reproduced  by  the  magnetic  head  A  (C)  (Fig.  7A), 
in  which  case  the  recording  signal  SREC  of  the  audio 
signal  will  invade  the  reproducing  signal  of  the  first  pi- 
lot  signal. 

In  contrast,  as  shown  in  Figs.  8Aand  8B,  in  this 
embodiment,  the  magnetic  head  B  (D)  scans  the  sec- 

ond  recording  area  ARP2  (Fig.  8B)  during  the  first  pi- 
lot  signal  SP1  is  reproduced  by  the  magnetic  head  A 
(C)  (Fig.  8A)  so  as  to  prevent  the  invasion  of  the  re- 

5  cording  signal  SREC. 
Meanwhile,  another  method  where  the  first  and 

second  recording  areas  ARP1  and  ARP2  are  mutually 
closely  formed  can  be  considered  as  shown  in  Fig.  9. 
However,  in  this  method,  for  preventing  the  cross  talk 

10  between  the  paired  magnetic  heads  A  and  B  (C  and 
D)  as  in  this  embodiment,  it  is  necessary  to  very 
closely  dispose  the  magnetic  heads  A  and  B  (C  and 
D),  and  practically  it  becomes  impossible  to  mount 
the  magnetic  heads  on  the  rotary  drum  12. 

15  Further,  as  shown  in  Fig.  10,  when  the  first  and 
second  recording  areas  ARP1  and  ARP2  are  dis- 
posed  with  one  video  signal  recording  area  ARV  and 
audio  signal  recording  area  ARA  therebetween,  the 
paired  magnetic  heads  Aand  B  (C  and  D)  must  be  dis- 

20  posed  with  90  degrees  of  angle  space.  This  means 
that  a  preceding  recording  head  etc.  cannot  be  fur- 
ther  mounted  on  the  rotary  drum  12. 

Therefore,  according  to  this  embodiment,  the  for- 
mat  is  set  that  the  angle  space  between  the  magnetic 

25  head  Aand  B  (C  and  D)  can  be  set  to  a  practically  suf- 
ficient  value  m,  and  that  when  the  first  and  second  re- 
cording  areas  ARP1  and  ARP2  are  disposed  with  the 
audio  signal  recording  area  ARA  therebetween  such 
that  the  preceding  magnetic  head  A  (C)  reproduces 

30  the  pilot  signal  SP1  for  the  tracking  control,  the  follow- 
ing  magnetic  head  B  (D)  scans  the  second  recording 
area  ARP2.  As  a  result,  the  tracking  accuracy  can  be 
simply  and  certainly  improved. 

Further,  at  this  time,  by  recording  the  second  pi- 
35  lot  signal  SP2  by  interpolating  the  guard  signal  and  re- 

cording  the  first  pilot  signal  SP1  by  forming  a  signal- 
free  are  therearound,  even  when  the  recording  track 
forming  timing  delicately  changes  at  the  inserting  edi- 
tion,  an  accumulation  of  the  timing  divergence  can  be 

40  prevented  from  undesirably  affecting  the  tracking 
control.  Therefore,  correspondingly,  the  digital  video 
signal  can  be  reproduced  even  if  the  inserting  edition 
is  repeated. 

As  shown  in  Fig.  11,  in  practice,  for  the  video  tape 
45  recorder  10  the  tracking  control  is  carried  out  on  the 

basis  of  the  result  of  calculation  processing  of  the 
central  processing  unit  (CPU)  39. 

Namely,  in  the  video  tape  recorder  10,  predeter- 
mined  clock  signals  CK  are  counted  in  the  counter  cir- 

50  cuit  40  with  the  output  signal  from  the  timing  pulse 
generating  circuit  30  and  the  drum  PG  signal  PG  as 
basis,  thereby  performing  the  time  measurement  for 
the  second  pilot  signal  SP2. 

Then,  in  the  video  tape  recorder  10,  the  counted 
55  result  from  the  counter  40  is  calculated  in  the  CPU  39 

to  generate  the  first  phase  control  data  DS1  with 
which  the  time  interval  measuring  circuit  34  is  formed 
in  the  CPU  39  and  the  counter  40. 

Further,  in  the  video  tape  recorder  10,  after  the 

8 
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band  pass  filter  circuit  (BPF)  42  extracts  the  first  pilot 
signal  SP1  from  the  reproducing  signal  SR,  the  envel- 
ope  detecting  circuit  44  detects  the  envelope. 

In  addition,  in  the  video  tape  recorder  10,  a  sam- 
ple  hold  circuit  (S/H)  46  sample-holds  the  output  sig- 
nal  from  the  envelope  detecting  circuit  44,  and  an 
analog/digital  converting  circuit  (A/D)  48  quantizes  it. 

Thus,  the  video  tape  recorder  10  generates  the 
phase  control  data  DS2  by  supplying  the  output  signal 
of  the  analog/digital  converting  circuit  48  to  the  CPU 
39,  and  the  phase  control  data  DS2  are  then  added 
to  the  phase  control  data  DS1  and  the  velocity  control 
data  DF  for  driving  the  capstan  motor  22. 

In  this  manner,  in  the  video  tape  recorder  10,  the 
RF  maximum  value  detecting  circuit  is  composed  of 
the  BRF  42,  the  envelope  detecting  circuit  44,  the  S/H 
46,  the  A/D  48  and  the  CPU  39. 

When  the  capstan  motor  is  controlled,  in  the  CPU 
10,  a  delay  time  of  a  delay  circuit  50  is  controlled  on 
the  basis  of  the  time  measurement  result  (i.e.  equiv- 
alent  to  the  counted  value  of  the  counter  40)  of  the 
second  pilot  signal  SP2,  thereby  delaying  the  drum 
PG  signal  PG  by  a  predetermined  time  for  generating 
a  sampling  pulse  PSH- 

(4)  Advantage  of  the  Embodiment 

According  to  the  aforementioned  composition,  by 
recording  the  first  pilot  signal  of  large  azimuth  loss 
and  the  second  pilot  signal  without  any  azimuth  loss 
near  the  central  portion  of  the  recording  track,  rough 
tracking  control  and  fine  tracking  control  can  be  exe- 
cuted  on  the  basis  of  the  second  and  first  pilot  signals 
respectively.  Therefore,  even  when  the  off  tracking 
amount  is  large,  the  tracking  control  can  be  executed 
easily  and  with  high  accuracy,  and  correspondingly 
even  when  the  recording  track  is  formed  with  high 
density,  the  tracking  control  can  be  securely  carried 
out. 

At  this  time,  since  the  first  and  the  second  pilot 
signals  are  recorded  with  one  track  cycle  and  two 
tracks  cycle  respectively,  the  tracking  control  can  be 
securely  performed. 

Further,  since  the  first  and  the  second  pilot  sig- 
nals  are  recorded  by  interpolating  a  predetermined 
guard  signal  and  a  signal-free  area,  undesirable  sig- 
nal  leakage  can  be  avoided,  thereby  enable  a  secure 
tracking  control. 

(5)  Other  Embodiment 

Although  in  the  aforementioned  embodiment  the 
first  and  the  second  pilot  signals  have  been  selected 
to  have  predetermined  frequencies,  the  frequencies 
of  the  first  and  the  second  pilot  signals  can  be  set,  in 
accordance  with  the  presence  of  the  azimuth  loss 
without  limited  to  the  case  of  the  described  embodi- 
ment,  to  different  values  as  required. 

Further,  in  the  aforementioned  embodiment  a 
case  where  the  first  and  the  second  pilot  signals  are 
recorded  at  substantially  the  central  portion  of  the  re- 

5  cording  track  has  been  mentioned.  However,  the 
present  invention  is  not  limited  to  this  case,  and  the 
pilot  signal  can  be  recorded  on  a  variety  of  positions 
on  the  recording  track  when  the  recording  accuracy 
is  practically  sufficient. 

10  Further,  according  to  the  aforementioned  em- 
bodiment,  the  first  and  the  second  pilot  signals  have 
been  recorded  with  the  audio  signal  recording  area 
therebetween.  However,  the  present  invention  is  not 
limited  to  this  case,  and  the  first  and  the  second  pilot 

15  signals  can  be  recorded  on  desired  positions  if  the 
leakage  on  the  inserting  edition  can  be  securely  pre- 
vented  and  further  if  there  is  no  need  of  tracking  ac- 
count  of  the  inserting  edition. 

Further  in  this  case,  it  is  also  possible  to  change 
20  the  recording  positions  of  the  first  and  the  second  pi- 

lot  signals  for  each  recording  track. 
Furthermore  in  this  case,  if  the  first  and  the  sec- 

ond  pilot  signals  can  be  securely  separated  on  repro- 
duction  in  a  practically  sufficient  range  by  using  BPF 

25  etc.,  the  first  and  the  second  pilot  signals  can  be  re- 
corded  on  the  same  area. 

Moreover  in  the  aforementioned  embodiment  a 
case  where  the  second  pilot  signal  is  recorded  by  in- 
terpolating  the  guard  signal  has  been  described. 

30  However,  this  invention  is  not  limited  to  such  a  case, 
and  alternatively  it  is  also  possible  to  record  the  sec- 
ond  pilot  signal  by  interpolating  a  signal-free  area. 

In  addition,  for  this  case,  if  any  low  frequency  sig- 
nal  component  without  azimuth  loss  is  not  recorded 

35  on  the  contiguous  tracks,  it  is  possible  to  eliminate 
such  signal-free  and  guard  signal  areas. 

Further  in  the  aforementioned  embodiment,  a 
case  where  the  first  and  the  second  pilot  signals  are 
recorded  with  one  track  period  and  two  tracks  period 

40  has  been  described.  However,  the  present  invention 
is  not  limited  to  such  a  case,  and  the  period  can  be 
freely  established  in  accordance  with  the  disposition 
of  the  magnetic  head  etc.  if  the  undesirable  influence 
from  the  contiguous  recording  tracks  etc.  can  be  pre- 

45  vented. 
Further  in  the  aforementioned  embodiment,  a 

case  where  the  second  pilot  signal  is  recorded  in 
phase-matched  state  has  been  described.  However, 
the  present  invention  is  not  limited  to  such  a  case,  and 

so  may  omit  such  a  phase  matching  so  long  as  the  wa- 
veform  distortion  is  within  a  practically  acceptable 
range. 

Further  in  the  aforementioned  embodiment,  a 
case  where  burst  signals  of  a  predetermined  frequen- 

55  cy  is  selected  as  the  first  and  second  pilot  signals  has 
been  described.  However,  this  invention  is  not  limited 
to  such  a  case,  and  a  variety  of  signals  can  be  select- 
ed  as  the  first  and  the  second  pilot  signals  so  long  as 
the  signal  level  of  the  pilot  signal  and  the  rising  timing 

9 



17 EP  0  568  377  A2 18 

of  the  pilot  signal  respectively  can  be  detected. 
Furthermore,  in  the  aforementioned  embodiment 

a  case  where  the  digital  video  signal  is  recorded/re- 
produced  using  Class  4  Partial  Response  has  been 
described.  However,  the  present  invention  is  not  lim- 
ited  to  such  a  case  and  can  be  widely  applied  to  such 
cases  that  the  digital  video  signal  is  recorded  and  re- 
produced  using  a  variety  of  recording  methods  and 
that  a  digital  signal  other  than  the  digital  video  signal 
is  recorded. 

While  there  has  been  described  in  connection 
with  the  preferred  embodiments  of  the  invention,  it 
will  be  obvious  to  those  skilled  in  the  art  that  various 
changes  and  modifications  may  be  aimed,  therefore, 
to  cover  in  the  appended  claims  all  such  changes  and 
modifications  as  fall  within  the  scope  of  the  invention. 

Claims 

1  .  A  magnetic  recording  and/or  reproducing  appara- 
tus  for  sequentially  forming  helical  recording 
tracks  in  the  longitudinal  direction  of  a  magnetic 
tape  so  as  to  azimuthally  record  a  predetermined 
recording  signal  thereon,  wherein: 

a  first  pilot  signal  of  high  frequency  subject 
to  azimuth  loss  and  a  second  pilot  signal  of  lower 
frequency  subject  to  less  azimuth  loss  are  record- 
ed  with  the  recording  signal;  and 

tracking  control  is  performed  on  the  basis 
of  reproducing  signals  of  the  first  and  the  second 
pilot  signals  when  the  recording  signal  is  repro- 
duced. 

2.  A  magnetic  recording  and/or  reproducing  appara- 
tus  of  claim  1,  wherein  in  the  recording  track: 

first  and  second  recording  areas  are 
formed  in  the  longitudinal  direction  on  the  record- 
ing  track; 

the  first  pilot  signal  being  recorded  on  the 
first  recording  area;  and 

the  second  pilot  signal  being  recorded  on 
the  second  recording  area. 

3.  A  magnetic  recording  and/or  reproducing  appara- 
tus  of  claim  1,  wherein  in  the  recording  track: 

a  first  recording  area  is  formed  substan- 
tially  at  the  centre  in  the  longitudinal  direction  on 
the  recording  track,  and  a  second  recording  area 
is  formed  at  a  scanning  start  end  side  of  the  re- 
cording  head  with  a  predetermined  distance  from 
the  first  recording  area; 

the  first  pilot  signal  being  recorded  on  the 
first  recording  area; 

the  second  pilot  signal  being  recorded  on 
the  second  recording  area;  and 

the  predetermined  recording  signal  being 
recorded  on  an  area  between  the  first  and  the 

second  recording  areas. 

4.  A  magnetic  recording  and/or  reproducing  appara- 
5  tus  of  claim  1  ,  wherein: 

first  and  second  recording  areas  are 
formed  in  the  longitudinal  direction  on  the  record- 
ing  track; 

the  first  pilot  signal  being  recorded  on  the 
10  first  recording  area;  and 

in  successive  first  and  second  recording 
tracks  in  the  longitudinal  direction  of  the  magnetic 
tape  on  the  second  recording  area,  the  second 
pilot  signal  is  recorded  on  the  first  recording 

15  track,  and  a  guard  signal  of  higher  frequency  sub- 
ject  to  the  azimuth  loss  on  the  successive  second 
recording  track  or  a  signal-free  area  is  formed  on 
the  second  recording  track. 

20  5.  Amagnetic  recording  and/or  reproducing  appara- 
tus  of  claim  1  ,  wherein: 

first  and  second  recording  areas  are 
formed  in  the  longitudinal  direction  on  the  record- 
ing  track; 

25  the  first  pilot  signal  being  recorded  on  the 
first  recording  area;  and 

the  second  pilot  signal  being  recorded  on 
the  second  recording  area  in  a  phase-matched 
state  with  that  of  the  contiguous  recording  track. 

30 
6.  Amagnetic  recording  and/or  reproducing  appara- 

tus  of  claims  1,  2,  3,  4  or  5,  wherein: 
the  plurality  of  magnetic  heads  are  ar- 

ranged  such  that  a  recording  track  having  a  pos- 
35  itive  azimuth  angle  and  a  recording  track  having 

a  negative  azimuth  angle  are  alternately  and  se- 
quentially  formed  in  the  longitudinal  direction  of 
the  magnetic  tape  by  disposing  the  magnetic 
heads  of  positive  and  negative  azimuth  angles  to 

40  form  pairs;  and 
on  the  first  recording  area,  the  first  pilot 

signal  is  recorded  on  the  recording  track  of  posi- 
tive  or  negative  azimuth  angle,  and  a  signal-free 
area  is  formed  on  the  following  recording  track  of 

45  negative  or  positive  azimuth  angle. 

7.  Amagnetic  recording  and/or  reproducing  appara- 
tus  of  claim  1  ,  wherein: 

on  a  recording  track, 
so  a  first  recording  area  is  formed  in  the  long- 

itudinal  direction  and  a  second  recording  area  is 
formed  at  a  scanning  start  end  side  of  the  mag- 
netic  head  with  a  predetermined  distance  from 
the  first  recording  area; 

55  the  first  pilot  signal  being  recorded  on  the 
first  recording  area; 

the  second  pilot  signal  being  recording  on 
the  second  recording  area; 

a  predetermined  recording  signal  being  re- 

10 
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corded  on  an  area  between  the  first  and  the  sec- 
ond  recording  areas; 

a  plurality  of  magnetic  head  being  ar- 
ranged  such  that  the  recording  track  having  a  5 
positive  azimuth  angle  and  a  recording  track  hav- 
ing  a  negative  azimuth  angle  are  alternately  and 
sequentially  formed  in  the  longitudinal  direction 
of  the  magnetic  tape  by  disposing  the  magnetic 
heads  of  positive  and  negative  azimuth  angle  to  10 
form  pairs;  and 

the  magnetic  heads  having  the  positive 
and  the  negative  azimuth  angles  being  arranged 
on  a  rotary  drum  such  that  the  magnetic  heads 
having  the  negative  or  positive  azimuth  angle  15 
scan  the  second  recording  area  on  scanning  of 
the  first  recording  area  by  the  recording  heads 
having  the  positive  or  negative  azimuth  angle. 

8.  A  magnetic  recording  and/or  reproducing  appara-  20 
tus  of  claim  1,  wherein: 

the  tracking  control  is  performed  in  such  a 
mannerthat  the  timing  of  reproducing  the  second 
pilot  signal  is  detected  on  the  basis  of  a  predeter- 
mined  reference  signal,  a  magnetic  tape  driving  25 
system  being  controlled  according  to  the  result  of 
the  timing  detection,  the  signal  level  of  the  repro- 
duced  signal  of  the  first  pilot  signal  being  detect- 
ed,  and  the  magnetic  tape  driving  system  being 
controlled  so  as  to  maximize  the  signal  level  of  30 
the  reproduced  signal. 

11 
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