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©  APPARATUS  FOR  REPRODUCING  ACOUSTIC  SIGNALS. 

CO 

©  An  apparatus  for  binaurally  reproducing  acoustic 
signals  using  a  headphone  device.  In  the  acoustic 
signal  reproducing  apparatus,  a  memory  means 
stores  information  about  transfer  characteristics  of 
the  path  from  an  imaginary  source  of  sound  to  both 
ears  of  a  listener  in  at  least  one  quadrant  around  the 
listener.  The  transfer  characteristics  information 
stored  in  the  memory  means  is  used  to  form  transfer 
characteristics  information  at  the  angular  position  of 
the  head.  The  information  thus  formed  is  repre- 
sented  by  the  outputs  of  detecting  means,  and 
acoustic  signals  of  the  right  and  left  channels  are 
processed  by  acoustic  signal  processing  means.  In 

the  acoustic  signal  reproducing  apparatus,  further- 
more,  at  least  two  pieces  of  transfer  characteristics 
information  near  the  angular  position  of  the  head  of 
the  listener  are  read  out  from  the  memory  means, 
and  acoustic  signals  of  the  right  and  left  channels 
are  processed  by  acoustic  signal  processing  means 
based  on  transfer  characteristics  information  at  the 
angular  position  of  the  head  found  by  interpolation 
by  the  interpolation  calculation  means.  Even  when 
the  listener  moves,  the  acoustic  signal  reproducing 
apparatus  maintains  proper  binaural  reproduction 
without  causing  the  imaginary  source  of  sound  to 
move  owing  to  the  use  of  the  headphone  device. 
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FIELD  OF  THE  INVENTION 

The  present  invention  relates  to  an  audio  signal 
binaural  reproducing  apparatus  for  reproducing 
audio  signals  by  means  of  headphones. 

BACKGROUND  OF  THE  INVENTION 

A  binaural  reproducing  method  has  heretofore 
been  known  as  an  approach  for  providing  better 
direction  sensation  of  sound  image  or  outside  head 
localization  sensation  when  audio  signals  are  repro- 
duced  by  headphones  fitted  to  the  head  of  a  lis- 
tener  so  that  a  pair  of  headphones  are  located  in 
the  vicinity  of  both  ears. 

An  audio  reproducing  system  adopting  this  bin- 
aural  system  preliminarily  applies  a  given  signal 
processing  to  the  audio  signals  reproduced  by 
headphones  as  is  described  in,  for  example,  speci- 
fication  of  Japanese  Patent  Publication  Sho  53-283. 

The  direction  sensation  of  sound  image  and 
outside  head  localization  sensation  and  the  like 
depend  upon  the  differences  in  volumes,  times  and 
phases  of  sounds  listened  by  left  and  right  ears. 

The  signal  processing  aims  at  causing  in  an 
audio  output  reproduced  by  the  headphones,  audio 
effects  equivalent  to  those  caused  by  the  differ- 
ence  in  distances  between  sound  sources,  that  is, 
speaker  systems  and  right  and  left  ears  of  a  lis- 
tener  and  reflections  and  diffractions  in  the  vicinity 
of  the  head  of  the  listener  when  audio  reproducing 
is  performed,  for  example,  by  speaker  systems 
remote  from  the  listener.  Such  a  signal  processing 
is  performed  by  convolution-integrating  left  and 
right  ear  audio  signals  with  impulse  responses  cor- 
responding  to  the  above-mentioned  audio  effects. 

Since  the  absolute  position  of  the  sound  image 
is  cot  changed  even  if  the  listener  moves  or  turns 
his  or  her  head  when  audio  reproducing  is  per- 
formed  by  speaker  systems  remote  from  the  lis- 
tener,  the  relative  direction  and  position  of  the 
sound  image  that  the  listener  senses  are  changed. 
In  contrast  to  this,  since  the  headphones  is  turned 
together  with  the  listeners  head  if  the  listener  turns 
his  or  her  head  when  audio  reproducing  is  per- 
formed  by  a  binaural  method  using  headphones, 
the  relative  direction  and  position  of  the  sound 
image  which  the  listener  senses  are  not  changed. 

If  binaural  reproducing  is  performed  by  using 
headphones  in  such  a  manner,  a  sound  image  is 
created  in  the  head  of  a  listener  due  to  differences 
in  displacement  of  the  sound  image  relative  to  a 
change  in  direction  of  the  listener's  head.  There- 
fore,  it  is  difficult  to  locate  the  sound  image  in  front 
of  the  listener.  Furthermore,  the  front  sound  image 
has  a  tendency  to  lift  up. 

Accordingly,  an  audio  signal  reproducing  sys- 
tem  which  detects  a  change  in  the  direction  of  the 

listener's  head  and  changes  the  modes  of  the 
signal  processing  based  upon  a  result  of  the  detec- 
tion  for  providing  a  good  front  localization  sensation 
in  headphones  has  heretofore  been  proposed  as  is 

5  disclosed  in  Japanese  Unexamined  Patent  Publica- 
tion  No.  Sho  42-227  and  Japanese  Examined  Pat- 
ent  Publication  No.  54-19242.  In  such  an  audio 
signal  reproducing  system,  a  direction  detecting 
device  such  as  gyrocompass  and  magnetic  needle 

io  is  provided  on  the  head  of  the  listener.  A  level 
adjusting  circuit  and  a  delay  circuit  and  the  like  for 
processing  the  audio  signals  are  controlled  based 
upon  a  result  of  detection  from  the  direction  detect- 
ing  device  so  that  a  sound  image  sensation  which 

75  is  similar  to  that  of  the  audio  reproducing  using 
speaker  systems  remote  from  the  listener  is  ob- 
tained. 

In  the  prior  art  binaural  reproducing  system  in 
which  headphones  are  provided  with  a  direction 

20  detecting  device  comprising  a  gyrocompass,  an 
excellent  sound  image  can  be  obtained  by  control- 
ling  the  content  of  the  signal  processing  which  is 
applied  to  the  audio  signals  depending  upon 
changes  in  direction  of  the  listener's  head. 

25  In  order  to  control  the  content  of  the  signal 
processing  applied  to  the  audio  signals  depending 
upon  a  change  in  direction  of  the  listener's  head,  it 
is  necessary  to  preliminarily  measure  the  impulse 
responses,  that  is,  transfer  characteristics  corre- 

30  sponding  to  audio  effects  given  to  audio  signals  of 
left  and  right  ears  for  each  predetermined  rotational 
angle  and  to  store  a  great  amount  of  information  on 
the  transfer  characteristics.  The  information  is  read 
from  the  storing  means  depending  upon  the 

35  change  in  direction  of  the  head.  The  audio  signal 
will  be  subjected  to  a  necessary  convolution-in- 
tegration  processing  in  real-time. 

The  present  invention  was  made  under  such 
circumstances. 

40  It  is  an  object  of  the  present  invention  to  pro- 
vide  an  audio  signal  reproducing  apparatus  having 
a  simple  structure  using  storing  means  having  a 
low  storing  capacity  which  is  capable  of  performing 
a  binaural  reproduction  for  providing  a  very  natural 

45  localization  of  a  sound  image  in  which  the  positions 
of  virtual  sound  sources  are  not  changed  by  head- 
phones  even  if  a  listener  moves  by  reducing  the 
amount  of  information  on  transfer  characteristics 
from  virtual  sound  sources  necessary  for  binaural 

50  reproduction  of  audio  signals  with  the  headphones 
to  both  ears  of  the  listener. 

DISCLOSURE  OF  THE  INVENTION 

55  An  audio  signal  reproducing  apparatus  of  the 
present  invention  comprises  means  for  detecting 
the  rotational  angular  position  of  the  head  of  a 
listener  corresponding  to  the  movement  of  the 
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head  of  the  listener  relative  to  virtual  sound  sour- 
ces;  means  for  storing  transfer  characteristics  in- 
formation  representative  of  transfer  characteristics 
of  direct  sounds  from  virtual  sound  sources  to  both 
ears  of  the  listener  for  each  predetermined  rota- 
tional  angular  position  in  at  least  the  first  quadrant; 
and  audio  signal  processing  means  which  based 
upon  the  transfer  characteristics  information  of  at 
least  one  quadrant  stored  in  said  storing  means, 
forms  the  transfer  characteristic  information  in  the 
rotational  angular  position  of  the  head  represented 
by  an  detection  output  of  said  detecting  means  for 
processing  left  and  right  channel  audio  signals, 
whereby  the  left  and  right  channel  audio  signals 
which  have  been  processed  by  said  audio  signal 
processing  means  are  reproduced  as  sounds  by 
headphone  means. 

An  audio  signal  reproducing  apparatus  of  the 
present  invention  comprises  means  for  storing 
transfer  characteristics  information  representative  of 
the  transfer  characteristics  from  virtual  sound  sour- 
ces  to  both  ears  of  a  listener  for  each  predeter- 
mined  rotational  angle  corresponding  to  the  move- 
ment  of  a  head  of  the  listener;  means  for  detecting 
the  rotational  angular  position  corresponding  to  the 
movement  of  the  head  of  the  listener;  interpolation 
operation  means  which  reads  from  said  storing 
means  information  on  at  least  two  transfer  char- 
acteristic  in  the  vicinity  of  the  rotational  angular 
position  of  the  head  represented  by  an  detection 
output  of  said  detecting  means  for  interpolation- 
processing  the  read  transfer  characteristics  infor- 
mation  in  the  rotational  angular  position  of  the  head 
represented  by  the  detection  output  of  said  detect- 
ing  means;  and  audio  signal  processing  means  for 
processing  left  and  right  channel  audio  signals  with 
the  transfer  characteristics  information  determined 
by  said  interpolation  operation  means,  whereby  the 
audio  signals  which  have  been  processed  by  said 
audio  signal  processing  means  are  reproduced  as 
sounds  by  a  headphone  set. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  schematically  showing 
the  structure  of  an  audio  signal  reproducing 
apparatus  of  the  present  invention; 
Fig.  2  is  a  time  chart  schematically  showing 
signals  supplied  to  a  operation  unit  of  the  audio 
signal  reproducing  apparatus; 
Fig.  3  is  a  schematic  diagram  illustrating  the 
distance  and  the  angle  calculated  by  the  opera- 
tion  unit  of  the  audio  signal  reproducing  appara- 
tus; 
Fig.  4  is  a  view  for  explaining  the  information  on 
the  transfer  characteristics  stored  in  a  storing 
circuit  of  the  operation  unit  in  the  audio  signal 
reproducing  apparatus; 

Fig.  5  is  a  plan  view  showing  the  relative  posi- 
tional  relation  between  virtual  sound  sources  and 
a  listener  for  explaining  the  operation  of  binaural 
reproducing  performed  by  the  audio  signal  re- 

5  producing  apparatus;  and 
Fig.  6  is  a  block  diagram  schematically  showing 
the  other  structure  of  the  audio  signal  reproduc- 
ing  apparatus  of  the  present  invention. 

w  BEST  MODE  FOR  EMBODYING  THE  INVENTION 

The  audio  signal  reproducing  apparatus  of  the 
present  invention  comprises  a  headphone  set  10 
which  is  fitted  over  the  head  M  of  a  listener  P  and 

75  a  pair  of  headphones  2L  and  2R  are  supported  by 
a  head  band  1  so  that  they  are  located  in  the 
vicinity  of  left  and  right  ears  of  the  listener  P, 
respectively  as  shown  in  Fig.  1. 

Two  sliders  4L  and  4R  from  which  support 
20  arms  3L  and  3R,  respectively  project  are  slidably 

mounted  on  the  head  band  1  of  the  headphone  set 
10.  A  pair  of  signal  detectors  5L  and  5R  which 
detect  a  position  detection  reference  signal  emitted 
from  a  reference  signal  source  11  are  provided  at 

25  the  tip  ends  of  the  support  arms  3L  and  3R, 
respectively.  That  is,  the  pair  of  signal  detectors  5L 
and  5R  are  provided  on  the  tip  ends  of  the  support 
arms  3L  and  3R  projectedly  formed  on  the  sliders 
4L  and  4R  which  are  slidably  mounted  on  the  head 

30  band  1  so  that  they  are  supported  in  positions 
remote  from  the  head  band  1  and  the  pair  of 
headphones  2L  and  2R,  that  is  the  main  body  of 
the  headphone  set. 

In  the  present  embodiment,  the  reference  sig- 
35  nal  source  11  comprises  an  ultrasonic  signal 

source  12  and  an  ultrasonic  speaker  13  for  gen- 
erating  an  ultrasonic  signal  from  the  ultrasonic  sig- 
nal  source  12  as  a  reference  signal.  Each  of  the 
pair  of  signal  detectors  5L  and  5R  which  receive 

40  the  reference  signal  comprises  an  ultrasonic  micro- 
phone. 

An  ultrasonic  wave  generated  from  the  ultra- 
sonic  speaker  13,  that  is,  the  position  detection 
reference  signal  is  a  burst  wave  in  which  an  ultra- 

45  sonic  wave  having  a  given  level  is  intermittently 
generated  for  a  given  period  of  time  as  shown  at  A 
in  Fig.  2,  or  an  ultrasonic  wave,  the  phase  of  which 
may  be  detected  like  a  so-called  level  modulated 
wave,  the  level  of  which  changes  in  a  given  circle. 

50  The  pair  of  signal  detectors  5L  and  5R  pro- 
vided  on  the  headphone  set  10  detects  the  ultra- 
sonic  position  detection  reference  signal  generated 
from  the  ultrasonic  speaker  13  and  generate  re- 
spective  detection  signals  shown  at  B  and  C  in  Fig. 

55  2,  each  having  a  time  lag  depending  upon  the 
relative  positional  relation  between  the  listener  P 
and  the  ultrasonic  speaker  13. 

Since  the  pair  of  signal  detectors  5L  and  5R 
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are  supported  by  the  support  arm  3L  and  3R  in 
positions  remote  from  the  main  body  of  the  head- 
phone  set  10  while  they  are  mounted  on  the  tip 
ends  of  the  support  arms  3L  and  3R  in  positions 
remote  from  the  main  body  of  the  headphone  set 
10  while  they  are  mounted  on  the  tip  ends  of  the 
support  arms  3L  and  3R  which  project  from  the 
sliders  4L  and  4R,  respectively  slidably  mounted 
on  the  head  band  1  and,  the  head  band  1  and  the 
pair  of  headphone  2L  and  2R,  that  is,  the  main 
body  of  the  headphone  set  is  fitted  on  the  head  M 
of  the  listener  P,  they  can  detect  the  ultrasonic 
wave  generated  from  the  ultrasonic  speaker  13, 
that  is,  the  position  detection  reference  signal  stab- 
ly  and  accurately  without  being  located  behind  the 
head  P  of  the  listener  P  even  if  the  listener  P 
moves  or  rotates  his  head  P.  The  pair  of  the  signal 
detectors  5L  and  5R  can  be  adjusted  to  a  position 
optical  for  detecting  the  detection  reference  signal 
by  sliding  the  sliders  4L  and  4R  along  the  head 
band  1.  For  example,  the  optimal  positions  of  the 
headphones  2L  and  2R  which  are  fitted  on  the 
head  M  of  the  listener  P  by  the  head  band  1  so 
that  they  correspond  to  the  vicinity  of  the  left  and 
right  ears  depend  on  the  shape  and  size  of  the  had 
M  of  the  listener  P,  that  is,  have  the  differences 
among  individuals.  Accordingly,  the  positions  of  the 
pair  of  signal  detectors  5L  and  5R  can  be  adjusted 
so  that  they  correspond  to  the  headphones  2L  and 
2R,  respectively. 

Each  detection  signal  obtained  by  these  signal 
detectors  5L  and  5R  is  applied  to  an  operation  unit 
14. 

The  operation  unit  14  comprises  first  and  sec- 
ond  edge  detecting  circuits  15  and  16,  to  which  the 
detection  signal  from  the  signal  detectors  5L  and 
5R  for  detecting  the  position  detection  reference 
signal  are  supplied,  respectively  and  a  third  edge 
detecting  circuit  17  to  which  an  ultrasonic  signal 
from  the  ultrasonic  signal  sources  12,  that  is,  the 
position  detection  reference  signal  is  applied. 

The  first  and  second  edge  detecting  circuits  15 
and  16  detect  rise-up  edges  of  the  detection  sig- 
nals  generated  from  the  signal  detectors  5L  and 
5R,  respectively  and  output  pulse  signals  shown  at 
D  and  E  of  Fig.  2  corresponding  to  the  rise-up 
edges  pulse  signals  generated  by  the  first  and 
second  edge  detecting  circuits  15  and  16  are  sup- 
plied  to  a  distance  calculating  circuit  18  and  a 
circuit  19  for  detecting  the  time  difference  between 
both  ears.  The  third  edge  detecting  circuit  17  de- 
tects  the  rise-up  edge  of  the  ultrasonic  signal  from 
the  ultrasonic  signal  source  12  and  outputs  a  pulse 
signal  corresponding  to  the  rise-up  edge  as  shown 
at  F  in  Fig.  2.  A  pulse  signal  obtained  by  the  third 
edge  detection  circuit  17  is  supplied  to  the  dis- 
tance  calculating  circuit  18. 

The  distance  calculating  circuit  18  detects  the 

time  difference  ti  between  pulse  signals  obtained 
by  the  third  and  first  edge  detecting  circuits  17  and 
15  which  is  represented  as  ATi  in  Fig.  2  and  the 
time  difference  t2  between  pulse  signals  obtained 

5  by  the  third  and  second  edge  detecting  circuits  17 
and  16  which  is  represented  as  AT2  in  Fig.  2  and 
then  calculates  the  distance  to  between  the  ultra- 
sonic  speaker  13  and  the  center  of  the  head  M  of 
the  listener  P  represented  as  to  in  Fig.  3  based 

io  upon  the  time  differences  ti  ,  t2  and  the  sound 
velocity  V. 

The  sound  velocity  V  may  be  preliminarily 
preset  as  a  constant  in  the  distance  calculating 
circuit  18  or  alternatively  may  be  changed  with 

is  changes  in  atmospheric  temperature,  humidity  and 
atmospheric  pressure  and  the  like.  On  calculating 
the  distance  I  ,  compensation  may  be  conducted 
for  the  positional  relation  between  the  signal  detec- 
tor  5L  and  5R  and  the  center  of  the  head  M,  the 

20  shape  and  size  of  the  hand  M. 
Signals  representative  of  the  distance  to,  time 

differences  ti  and  t2  are  fed  to  an  angle  calculating 
circuit  20. 

The  circuit  19  for  detecting  the  time  difference 
25  between  both  ears  detects  the  time  difference  t3 

between  the  pulse  signals  generated  by  the  first 
and  second  edge  detecting  circuits  15  and  16, 
represented  as  A3  in  Fig.  2.  A  signal  representative 
of  the  time  difference  t3  is  fed  to  the  angle  calculat- 

30  ing  circuit  20. 
The  angle  calculating  circuit  20  calculates  an 

angle  representative  of  the  direction  of  the  head  M 
represented  by  an  arrow  0o  in  Fig.  3  by  using  the 
time  differences  ti,  t2,  t3,  the  distance  to,  the 

35  sound  velocity  V  and  the  radius  r  of  the  head  M. 
The  angle  0o  can  be  determined,  for  example,  by 
the  equation  1  as  follows: 

0o^sin-1{V2(ti  +t2)t3/4r*}  (1) 
40 

Then,  the  rotation  angle  6  of  the  head  M  relative  to 
a  desired  position  of  a  virtual  sound  source  is 
calculated  from  information  on  the  angle  0o  and  the 
distance  to  representative  of  the  relative  positional 

45  relationship  between  a  reference  position  and  the 
listener  P  by  assuming  that  the  position  of  the 
ultrasonic  speaker  13  be  the  reference  position  of 
the  virtual  sound  source. 

Information  on  the  rotation  angle  of  the  head  of 
50  the  listener  obtained  by  the  angle  calculating  circuit 

20  is  provided  to  a  control  circuit  21  . 
In  the  audio  signal  reproducing  apparatus  of 

this  embodiment,  the  operation  unit  14  includes  a 
storing  circuit  22  in  which  information  on  transfer 

55  characteristics  from  the  virtual  sound  source  to 
both  ears  of  the  listener  in  at  least  the  first  quad- 
rant  of  the  rotational  angular  position  of  the  head  of 
the  listener,  for  example,  information  on  the  trans- 

5 
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fer  characteristics  for  each  angle  0n  to  01n  in  the 
first  quadrant. 

Based  upon  the  current  angle  position  cal- 
culated  by  the  angle  calculating  circuit  20,  the 
control  circuit  21  reads  the  information  on  the 
transfer  characteristics  corresponding  to  the  current 
angles  0n  to  01n  positions  from  the  storing  circuit 
22  if  the  current  angle  position  is  in  the  first  quad- 
rant  in  Fig.  4  and  reads  the  transfer  characteristics 
information  in  which  the  current  angles  02  1  to  02n 
corresponds  to  the  angles  0n  to  01n  in  the  first 
quadrant  from  the  storing  circuit  22  if  the  current 
angle  position  is  in  the  second  quadrant  in  Fig.  4 
and  read  the  transfer  characteristics  information  in 
which  the  current  angles  03  1  to  03n  corresponds  to 
the  angles  0n  to  01n  in  the  first  quadrant  from  the 
storing  circuit  22  if  the  current  angle  position  is  in 
the  third  quadrant  in  Fig.  4  and  read  the  transfer 
characteristics  information  in  which  the  current  an- 
gles  0/n  to  04n  correspond  to  the  angles  0n  to  01n 
in  the  first  quadrant  from  the  storing  circuit  22  if  the 
current  angle  position  is  in  the  fourth  quadrant  in 
Fig.  4  and  supplies  the  read  transfer  characteristics 
information  to  an  audio  signal  processing  circuit  23 
together  with  a  signal  representative  of  the  quad- 
rant  in  which  the  current  angular  position  is  located. 

Since  the  head  of  the  listener  is  substantially 
spherical  and  rotary  symmetric,  the  transfer  char- 
acteristics  from  the  virtual  sound  sources  to  both 
ears  of  the  listener  can  be  treated  as  symmetrical 
in  each  quadrant. 

Alternatively,  in  the  control  circuit  21  ,  two  trans- 
fer  characteristics  in  the  vicinity  of  the  rotational 
angular  position  of  the  head  represented  by  the 
angular  position  information  may  be  read  form  the 
storing  circuit  22  and  the  information  on  the  trans- 
fer  characteristics  in  the  current  head  rotational 
angular  position  may  be  operated  by,  for  example, 
linear  interpolation  processing. 

Left  and  right  channel  audio  signals  SL  and  SR 
which  are  outputted  from  the  audio  signal  source 
22  are  supplied  to  the  audio  signal  processing 
circuit  23. 

The  audio  signal  source  24  is  an  apparatus  for 
outputting  given  left  and  right  channel  audio  signals 
SL  and  SR,  such  as  recording  disc  playback  ap- 
paratus  or  radio  communication  receivers  and  the 
like. 

The  audio  signal  processing  circuit  23  per- 
forms  a  signal  processing  which  provides  the  left 
and  right  channel  audio  signals  SL  and  SR  fed  from 
the  audio  signal  source  24  with  a  given  transfer 
characteristics  form  the  virtual  sound  source  to  the 
both  ears  of  the  listener.  The  audio  signal  process- 
ing  circuit  23  comprises  first  to  sixth  switches  25L, 
25R,  26L,  26R,  27L  and,  27R  for  switching  the 
signal  lines  and  first  to  fourth  signal  processing 
units  28a,  28b,  28c  and  28d. 

The  first  to  sixth  switches  25L,  25R,  26L,  26R, 
27L  and  27R  are  controlled  for  switching  in  re- 
sponse  to  a  control  signal  from  the  control  circuit 
21  representative  of  the  quadrant  to  which  the 

5  current  angular  position  belongs. 
The  first  and  second  switches  25L  and  25R 

perform  switching  of  inputs  of  left  and  right  channel 
audio  signals  SL  and  SR  fed  from  the  audio  signal 
source  24  and  supply  the  right  channel  audio  sig- 

io  nal  SR  to  the  first  and  second  signal  processing 
units  28a  and  28b  and  supply  the  left  channel 
audio  signal  SL  to  the  third  and  fourth  signal  pro- 
cessing  units  28c  and  28d  when  the  current  an- 
gular  position  is  in  the  first  or  third  quadrant  and 

is  supply  the  left  channel  audio  signal  SL  to  the  first 
and  second  signal  processing  unit  28a  and  28b 
and  supply  the  right  channel  audio  signal  SR  to  the 
third  and  fourth  signal  processing  units  28c  and 
28d  when  the  current  angular  position  is  in  the 

20  second  or  fourth  quadrant. 
The  third  and  fourth  switches  26L  and  26R 

perform  switching  of  the  output  of  the  left  and  right 
channel  audio  signals  EL  and  ER  outputted  from  the 
audio  signal  processing  circuit  23  and  select  as  a 

25  right  channel  audio  signal  ER  the  output  signal  of 
the  first  adder  29R  for  adding  the  output  signals  of 
the  first  and  third  signal  processing  unit  28a  and 
28c  and  select  as  a  left  channel  audio  signal  EL  the 
output  signal  of  the  second  adder  29L  for  adding 

30  the  output  signals  of  the  second  and  fourth  signal 
processing  units  28b  and  28d  when  the  current 
angular  position  is  in  the  first  or  third  quadrant  and 
select  as  a  right  channel  audio  signal  ER  the  output 
signal  of  the  first  adder  29L  and  select  as  a  left 

35  channel  audio  signal  EL  the  output  signal  of  the 
second  adder  29L  when  the  current  angular  posi- 
tion  is  in  the  second  or  the  fourth  quadrant. 

The  third  and  fourth  switches  26L  and  26R 
perform  switching  of  filters  for  the  left  and  right 

40  channel  audio  signals  EL  and  ER  outputted  from  the 
audio  signal  processing  circuit  23  and  output  the 
left  and  right  audio  signals  EL  and  ER  unswitched 
when  the  current  angular  position  is  in  the  second 
or  fourth  quadrant  and  output  the  audio  signals  EL 

45  and  ER  from  which  high  frequency  components 
have  been  removed  by  low  pass  filters  30L  and 
30R  when  the  current  angular  position  is  in  the 
second  or  fourth  quadrant. 

In  each  of  signal  processing  units  28a,  28b, 
50  28c  and  28d,  an  impulse  response  representative 

of  the  transfer  characteristics  of  the  left  and  right 
channel  audio  signals  SL  and  SR  reproduced  from  a 
pair  of  left  and  right  channel  speakers  which  are 
virtual  sound  sources  facing  to  a  listener  to  each 

55  ear  of  the  listener  is  preset  based  upon  information 
on  transfer  characteristics  supplied  from  the  control 
circuit  21  . 

In  other  words,  the  first  signal  processing  unit 
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28a  presets  the  impulse  response  {hRR(t,  0)}  repre- 
sentative  of  transfer  characteristics  of  the  sound 
reproduced  from  the  right  channel  audio  signal  SR 
to  the  right  ear.  The  second  signal  processing  unit 
28b  presets  the  impulse  response  {hRL(t,  0)}  repre- 
sentative  of  the  transfer  characteristics  of  the 
sound  reproduced  from  the  right  channel  audio 
signal  SR  to  the  left  ear.  The  third  signal  processing 
unit  28c  presets  the  impulse  response  {hLR(t,  0)} 
representative  of  transfer  characteristics  of  the 
sound  reproduced  form  the  left  channel  audio  sig- 
nal  SL  to  the  right  ear.  The  fourth  signal  processing 
unit  28d  presents  the  impulse  response  {hLi.(t,  0)} 
representative  of  the  transfer  characteristics  of  the 
sound  reproduced  from  the  left  channel  audio  sig- 
nal  SL  to  the  left  ear. 

When  the  current  angular  position  of  the  head 
of  the  listener  is  in  the  first  quadrant,  the  right 
channel  audio  signal  SR  is  fed  the  first  and  second 
signal  processing  units  28a  and  28b.  In  the  first 
signal  processing  unit  28a,  the  right  channel  audio 
signal  SR  is  subjected  to  a  signal  processing  of 
convolution-integration  of  the  impulse  response 
{hRR(t,  0)}.  In  the  second  signal  processing  unit 
28b,  the  right  channel  audio  signal  SR  is  subjected 
to  a  signal  processing  of  convolution-integration  of 
the  impulse  response  {hRL(t,  0)}. 

The  left  channel  audio  signal  SL  is  fed  to  the 
third  and  fourth  signal  processing  units  28c  and 
28d.  In  the  third  signal  processing  unit  28c,  the  left 
channel  audio  signal  SL  issubjected  to  a  signal 
processing  of  convolution-integration  of  the  impulse 
response  {hLR(t,  0)}.  In  the  second  signal  process- 
ing  unit  28d,  the  left  channel  audio  signal  SL  iss- 
ubjected  to  a  signal  processing  of  convolution- 
integration  of  the  impulse  response  {hLi.(t,  0)}- 

The  output  signals  from  the  first  and  third  sig- 
nal  processing  units  28a  and  28c  are  applied  to  the 
right  channel  adder  29R  and  are  added  with  each 
other  therein.  The  output  signal  of  the  right  channel 
adder  28R  is  fed  as  the  right  channel  studio  signal 
ER  via  the  right  channel  amplifier  31  R  to  the  right 
channel  headphone  2R  and  reproduced  as  a 
sound.  The  output  signals  from  the  second  and 
fourth  signal  processing  units  28b  and  28d  are 
applied  to  the  left  channel  adder  29L  and  are 
added  with  each  other  therein.  The  output  signal  of 
the  left  channel  adder  29  is  fed  as  the  left  channel 
audio  signal  EL  via  the  left  channel  amplifier  31  L  to 
the  left  channel  headphone  2L  and  reproduced  as 
a  sound. 

When  the  current  angular  position  of  the  head 
of  the  listener  is  in  the  second  quadrant,  the  left 
and  right  channels  of  inputs  and  outputs  are  re- 
placed  with  each  other  and  a  processing  which  is 
similar  to  that  of  the  foregoing  first  quadrant  is 
performed.  Accordingly,  a  front  localization  sensa- 
tion  is  provided.  When  the  current  angular  position 

of  the  head  of  the  listener  is  in  the  third  and  fourth 
quadrants  a  processing  which  is  similar  to  those  of 
the  first  and  second  quadrants  is  performed.  Audio 
signals  EL  and  ER  from  which  high  frequency  com- 

5  ponents  have  been  removed  from  the  low  pass 
filters  30L  and  30R  are  outputted.  Accordingly,  rear 
localization  sensation  can  be  provided. 

In  the  audio  signal  reproducing  apparatus  of 
the  thus  formed  embodiment,  information  on  the 

io  transfer  characteristics  in  the  rotational  angular  po- 
sitions  corresponding  to  the  movement  of  the  head 
of  the  listener  calculated  by  the  angle  calculating 
circuit  20  is  formed  based  upon  the  information 
upon  the  transfer  characteristics  of  the  first  quad- 

15  rant  stored  in  the  storing  circuit  22.  By  performing 
a  signal  processing  of  the  left  and  right  channel 
audio  signals  SL  and  SR  which  responds  to 
changes  in  transfer  characteristics  in  association 
with  the  movement  of  the  listener  P  and  the  rota- 

20  tion  of  the  head  M  in  real  time  in  the  audio  signal 
processing  circuit  23  based  upon  the  transfer  char- 
acteristics  data,  good  outside  head  localization  sen- 
sation  and  front  localization  sensation  are  obtained 
in  which  the  virtual  sound  sources  are  not  moved 

25  as  similarily  to  the  case  in  which  an  audio  signal  is 
reproduced  by  a  pair  of  speaker  systems  SL  and 
SR  which  faces  to  the  listener  P  and  are  remote 
therefrom  and  with  each  other  as  is  shown  in  Figs. 
5A,  5B  and  5C  in  which  relative  positional  relations 

30  between  the  virtual  sound  sources  and  the  listener 
P  are  illustrated. 

Fig.  5B  shows  that  the  listener  P  has  ap- 
proached  to  a  pair  of  speaker  systems  SL  and  SR, 
that  is,  virtual  sound  sources  from  a  position  of  Fig. 

35  5A.  Fig.  4C  shows  that  the  listener  P  rotates  his 
head  M  toward  the  right  speaker  device  SR.  By 
performing  a  signal  processing  which  can  respond 
in  real  time  to  changes  in  transfer  characteristics  in 
association  with  the  movement  of  the  listener  and 

40  the  rotation  of  the  head  M  as  mentioned  above  in 
the  audio  signal  reproduction  apparatus  of  the 
present  embodiment,  good  head  outside  and  front 
localization  sensation  in  which  no  virtual  sound 
source  is  moved  can  be  obtained  so  that  a  binaural 

45  reproduction  which  can  respond  to  any  conditions 
of  Figs.  5A,  5B  and  5C  can  be  performed. 

Since  it  suffices  for  the  audio  signal  reproduc- 
ing  apparatus  of  the  present  invention  to  store  in 
storing  means  transfer  characteristics  information 

50  representative  of  the  transfer  characteristics  from 
virtual  sound  sources  to  a  listener  of  at  least  the 
first  quadrant  of  the  rotational  angular  position  of 
the  head  of  the  listener,  the  amount  of  the  informa- 
tion  of  the  transfer  characteristics  to  be  stored  in 

55  the  storing  means  is  small  and  the  storing  means 
having  a  low  storing  capacity  can  be  used.  The 
audio  signal  processing  means  forms  the  transfer 
characteristics  information  in  the  rotational  angular 
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position  represented  by  a  detection  output  from 
detecting  means  for  detecting  the  rotational  angular 
position  depending  upon  the  movement  of  the 
head  of  the  listener  in  accordance  with  the  transfer 
characteristics  information  of  at  least  the  first  quad- 
rant  stored  in  the  storing  means  and  processes  the 
left  and  right  channel  audio  signals  for  supplying 
the  processed  audio  signals  to  the  headphone  set. 
Accordingly,  a  proper  binaural  reproduction  can  be 
performed  for  providing  a  very  natural  sound  image 
localization  sensation  in  which  the  positions  of  the 
virtual  sound  sources  are  not  moved  even  if  the 
listener  moves. 

A  second  embodiment  of  an  audio  signal  re- 
producing  apparatus  of  the  present  invention  will 
now  be  described  in  detail  with  reference  to  the 
drawings. 

The  audio  signal  reproducing  apparatus  of  the 
present  invention  shown  in  Fig.  6  comprises  a 
headphone  set  40  which  is  fitted  over  the  head  M 
of  a  listener  P  and  a  pair  of  headphones  42L  and 
42R  are  supported  by  a  head  band  41  so  that  they 
are  located  in  the  vicinity  of  left  and  right  ears  of 
the  listener  P,  as  is  similar  to  the  embodiment 
shown  in  Fig.  1  . 

Two  sliders  44L  and  44R  from  which  support 
arms  43L  and  43R,  respectively  project  are  slidably 
mounted  on  the  head  1  of  the  headphone  set  40.  A 
pair  of  signal  detectors  45L  and  45R  which  detect  a 
position  detection  reference  signal  emitted  from  a 
reference  signal  source  51  are  provided  at  the  tip 
ends  of  the  support  arms  431  and  43R,  respec- 
tively.  That  is,  the  pair  of  signal  detectors  45L  and 
45R  are  provided  on  the  tip  ends  of  the  support 
arms  43L  and  43R  projectedly  formed  on  the  slid- 
ers  44L  and  44R  which  are  slidably  mounted  on 
the  head  band  51  so  that  they  are  supported  in 
positions  remote  from  the  head  band  51  and  the 
pair  of  headphones  42L  and  42R,  that  is  the  main 
body  of  the  headphone  set. 

Also  in  this  present  embodiment,  the  reference 
signal  source  51  comprises  an  ultrasonic  signal 
source  52  and  an  ultrasonic  speaker  53  for  gen- 
erating  an  ultrasonic  signal  from  the  ultrasonic  sig- 
nal  source  52  as  a  reference  signal.  Each  of  the 
pair  of  signal  detectors  45L  and  45R  which  re- 
ceives  the  reference  signal  comprises  an  ultrasonic 
microphone. 

An  ultrasonic  wave  generated  from  the  ultra- 
sonic  speaker  53,  that  is,  the  position  detection 
reference  signal  is  a  burst  wave  in  which  an  ultra- 
sonic  wave  having  a  given  level  is  intermittently 
generated  for  a  given  period  of  time  as  is  similar  to 
the  first  embodiment,  or  an  ultrasonic  wave,  the 
phase  of  which  may  be  detected  like  a  so-called 
level  modulated  wave,  the  level  of  which  changes 
in  a  given  circle. 

The  pair  of  signal  detectors  45L  and  45R  pro- 

vided  on  the  headphone  set  40  detects  the  ultra- 
sonic  position  detection  reference  signal  generated 
from  the  ultrasonic  speaker  53  and  generate  re- 
spective  detection  signals,  each  having  a  time  lag 

5  depending  upon  the  relative  positional  relation  be- 
tween  the  listener  P  and  the  ultrasonic  speaker  53. 

Each  detection  signal  obtained  by  these  signal 
detectors  45L  and  45R  is  applied  to  an  operation 
unit  54. 

io  The  operation  unit  54  comprises  first  and  sec- 
ond  edge  detecting  circuit  55  and  56,  to  which  the 
detection  signal  from  the  signal  detectors  45L  and 
45R  for  detecting  the  position  detection  reference 
signal  are  supplied,  respectively  and  a  third  edge 

is  detecting  circuit  57  to  which  an  ultrasonic  signal 
from  the  ultrasonic  signal  source  52,  that  is,  the 
position  detection  reference  signal  is  applied. 

The  first  and  second  edge  detecting  circuits  55 
and  56  detect  rise-up  edges  of  the  detection  sig- 

20  nals  generated  from  the  signal  detectors  45L  and 
45R,  respectively  and  output  pulse  signals  cor- 
responding  to  the  rise-up  edges  pulse  signals  gen- 
erated  by  the  first  and  second  edge  detecting 
circuits  55  and  56  are  supplied  to  a  distance  cal- 

25  culating  circuit  58  and  a  circuit  59  for  detecting  the 
time  difference  between  both  ears.  The  third  edge 
detecting  circuit  57  detects  the  rise-up  edge  of  the 
ultrasonic  signal  from  the  ultrasonic  signal  source 
52  and  outputs  a  pulse  signal  corresponding  to  the 

30  rise-up  edge.  A  pulse  signal  obtained  by  the  third 
edge  detection  circuit  57  is  supplied  to  the  dis- 
tance  calculating  circuit  58. 

The  distance  calculating  circuit  58  detects  the 
time  difference  ti  between  pulse  signals  obtained 

35  by  the  third  and  first  edge  detecting  circuits  57  and 
55  and  the  time  difference  t2  between  pulse  signals 
obtained  by  the  third  and  second  edge  detecting 
circuits  57  and  56  and  then  calculates  the  distance 
I  o  between  the  ultrasonic  speaker  53  and  the  cen- 

40  ter  of  the  head  M  of  the  listener  based  upon  the 
time  differences  ti  ,  t2  and  the  sound  velocity  V. 

Signals  representative  of  the  distance  to,  time 
differences  ti  and  t2  are  fed  to  an  angle  calculating 
circuit  60. 

45  The  circuit  59  for  detecting  the  time  difference 
between  both  ears  detects  the  time  difference  h 
between  the  pulse  signals  generated  by  the  first 
and  second  edge  detecting  circuits  55  and  56.  A 
signal  representative  of  the  time  difference  h  is  fed 

50  to  the  angle  calculating  circuit  60. 
The  angle  calculating  circuit  60  calculates  an 

angle  0o  representative  of  the  direction  of  the  head 
M  by  using  the  time  differences  ti,  t2,  t3,  the 
distance  to,  the  sound  velocity  V  and  the  radius  r 

55  of  the  head  M  similarly  to  the  angle  calculating 
circuit  20  in  the  first  embodiment. 

Information  on  the  rotation  angular  position 
head  of  the  listener  obtained  by  the  angle  calculat- 
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ing  circuit  60  is  provided  to  an  interpolation  opera- 
tion  and  processing  circuit  61  . 

In  the  audio  signal  reproducing  apparatus  of 
the  present  embodiment,  the  operation  unit  54  in- 
cludes  a  storing  circuit  62  in  which  transfer  char- 
acteristics  information  representative  of  the  transfer 
characteristics  from  the  virtual  sound  sources  to 
both  ears  of  the  listener  for  each  predetermined 
angle,  which  is  larger  than  that  of  the  angular 
positional  information  of  the  listener  calculated  by 
the  angle  calculating  circuit  60. 

The  interpolation  operation  and  processing  cir- 
cuit  61  reads  the  information  on  two  transfer  char- 
acteristics  in  the  vicinity  of  the  rotational  angular 
position  of  the  head  represented  the  current  an- 
gular  positional  information  calculated  by  the  angle 
calculating  circuit  60  and  operates  the  transfer 
characteristics  in  the  current  rotational  angular  po- 
sition  of  the  head  by,  for  example,  a  linear  inter- 
polation  processing. 

The  interpolation  operation  and  processing  cir- 
cuit  61  may  reads  the  information  on  more  than 
two  transfer  characteristics  in  the  vicinity  of  the 
current  rotational  angular  position  of  the  head  re- 
presented  by  the  angular  positional  information  for 
performing  secondary  interpolation  processing  oth- 
er  than  the  linear  interpolation  processing. 

The  information  on  the  transfer  characteristics 
in  the  current  rotational  angular  position  obtained 
by  the  interpolation  operation  and  processing  cir- 
cuit  61  is  supplied  to  an  audio  signal  processing 
circuit  63. 

The  audio  signal  processing  circuit  63  is  also 
supplied  with  left  and  right  channel  audio  signals 
SL  and  SR  outputted  from  an  audio  signal  source 
64. 

The  audio  signal  source  64  is  a  device  for 
outputting  predetermined  left  and  right  channel 
audio  signals  SL  and  SR  and  may  includes,  for 
example,  various  recording  disc  playback  devices, 
recording  the  playback  device  of  wireless  receivers 
and  the  like. 

The  audio  signal  processing  circuit  63  per- 
forms  a  signal  processing  which  provides  the  left 
and  right  channel  audio  signals  SL  and  SR  fed  from 
the  audio  signal  source  64  with  a  given  transfer 
characteristics  from  the  virtual  sound  source  to  the 
both  ears  of  the  listener.  The  audio  signal  process- 
ing  circuit  63  comprises  first  through  fourth  signal 
processing  units  65a,  65b,  65c  and  65d  to  which 
the  transfer  characteristics  information  in  the  cur- 
rent  rotational  angular  positional  of  the  head  ob- 
tained  by  the  interpolation  operation  and  process- 
ing  circuit  61.  In  each  of  signal  processing  units 
65a,  65b,  65c  and  65d,  an  impulse  response  repre- 
sentative  of  the  transfer  characteristics  of  the  left 
and  right  channel  audio  signals  SL  and  SR  repro- 
duced  from  a  pair  of  left  and  right  channel  speak- 

ers  which  are  virtual  sound  sources  facing  to  a 
listener  to  each  ear  of  the  listener  is  preset  based 
upon  information  on  transfer  characteristics. 

In  other  words,  the  first  signal  processing  unit 
5  65a  presents  the  impulse  response  {hRR(t,  0)}  re- 

presentative  of  the  transfer  characteristics  of  the 
sound  reproduced  form  the  right  channel  audio 
signal  SR  to  the  right  ear.  The  second  signal  pro- 
cessing  unit  65b  presets  the  impulse  response 

io  {hRL(t,  0)}  representative  of  the  transfer  characteris- 
tics  of  the  sound  reproduced  from  the  right  channel 
audio  signal  SR  to  the  left  ear.  The  third  signal 
processing  unit  65c  presets  the  impulse  response 
{hLR(t,  0)}  representative  of  the  transfer  characteris- 

15  tics  of  the  sound  reproduced  from  the  left  channel 
audio  signal  SL  to  the  right  ear.  The  fourth  signal 
processing  unit  65d  presets  the  impulse  response 
{hi.L(t,  0)}  representative  of  the  transfer  characteris- 
tics  of  the  sound  reproduced  from  the  left  channel 

20  audio  signal  SL  to  the  left  ear.  In  the  audio  signal 
processing  circuit  63,  the  right  channel  audio  signal 
SL  is  fed  the  first  and  second  signal  processing 
units  65a  and  65n.  In  the  first  signal  processing 
unit  65a,  the  right  channel  audio  signal  SL  is  sub- 

25  jected  to  a  signal  processing  of  convolution-integra- 
tion  of  the  impulse  response  {hRR(t,  0)}.  In  the 
second  signal  processing  unit  65b,  the  right  chan- 
nel  audio  signal  SR  is  subjected  to  a  signal  pro- 
cessing  of  convolution-integration  of  the  impulse 

30  response  {hRL(t,  0)}. 
The  left  channel  audio  signal  SL  is  fed  to  the 

third  and  fourth  signal  processing  units  65c  and 
65d.  In  the  third  signal  processing  unit  65c,  the  left 
channel  audio  signal  SL  issubjected  to  a  signal 

35  processing  of  convolution-integration  of  the  impulse 
response  {hLR(t,  0)}.  In  the  second  signal  process- 
ing  unit  65d,  the  left  channel  audio  signal  S  is 
subjected  to  a  signal  processing  of  convolution- 
integration  of  the  impulse  response  {hLL(t,  0)}. 

40  The  output  signals  from  the  first  and  third  sig- 
nal  processing  units  65a  and  65c  are  applied  to  the 
right  channel  adder  66R  and  are  added  with  each 
other  therein.  The  output  signal  of  the  right  channel 
adder  66R  is  fed  as  the  right  channel  audio  signal 

45  ER  via  the  right  channel  amplifier  68R  to  the  right 
channel  headphone  4R  of  the  headphones  40  and 
reproduced  as  a  sound.  The  output  signals  from 
the  second  and  fourth  signal  processing  units  64b 
and  64a  are  applied  to  the  left  channel  adder  66L 

50  and  are  added  with  each  other  therein.  The  output 
signal  of  the  right  channel  adder  66L  is  fed  as  the 
left  channel  audio  signal  ER  via  the  left  channel 
amplifier  68L  to  the  left  channel  headphone  42L  of 
the  headphone  set  40  and  reproduced  as  a  sound. 

55  In  the  thus  formed  audio  signal  reproducing 
apparatus  of  this  embodiment,  information  on  two 
transfer  characteristics  in  the  vicinity  of  the  rota- 
tional  angular  position  represented  by  the  current 

9 
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angular  positional  information  is  read  from  the  stor- 
ing  circuit  62  based  upon  the  current  angular  posi- 
tional  information  calculated  by  the  angle  calculat- 
ing  circuit  60.  The  transfer  characteristics  informa- 
tion  in  the  current  rotational  angular  position  are 
operated  by  a  linear  interpolation  processing  in  the 
interpolation  operation  circuit  61.  By  performing  a 
signal  processing  which  responds  to  changes  in 
transfer  characteristics  in  association  with  the 
movement  of  the  listener  and  the  rotation  of  the 
head  M  in  real  time  in  the  audio  signal  processing 
circuit  63  based  upon  the  transfer  characteristics 
data,  good  outside  head  localization  sensation  and 
front  localization  sensation  are  obtained  in  which 
the  virtual  sound  sources  are  not  moved  as  simi- 
larly  to  the  case  in  which  an  audio  signal  is  repro- 
duced  by  a  pair  of  speaker  systems  which  faces  to 
the  listener  and  are  remote  therefrom  and  with 
each  other. 

As  mentioned  above,  in  the  audio  signal  re- 
producing  apparatus  of  the  present  invention,  in- 
formation  on  at  least  two  transfer  characteristics  in 
the  vicinity  of  the  rotational  angular  position  of  the 
head  represented  by  the  detection  output  from 
detecting  means  for  detecting  the  rotational  angular 
position  of  the  head  of  the  listener  at  a  solution 
higher  than  that  of  the  transfer  characteristics  in- 
formation  stored  in  the  storing  means  is  read  from 
the  storing  means.  The  transfer  characteristics  in- 
formation  in  the  rotational  angular  position  of  the 
head  represented  by  the  detection  output  are 
interpolation-operated  by  interpolation  operation 
means.  Accordingly,  the  amount  of  the  information 
on  the  transfer  characteristics  stored  in  the  storing 
means  can  be  reduced.  The  audio  signal  process- 
ing  means  processes  the  left  and  right  channel 
audio  signals  based  upon  the  transfer  characteris- 
tics  information  determined  by  the  interpolation  op- 
eration  means.  The  processed  audio  signals  are 
supplied  to  the  headphones,  resulting  in  that  a 
proper  binaural  reproduction  can  be  achieved  for 
providing  very  natural  sound  image  localization 
sensation  in  which  the  positions  of  the  virtual  sound 
sources  do  not  move  even  if  a  listener  moves. 

Claims 

1.  An  audio  signal  reproducing  apparatus,  com- 
prising: 

means  for  detecting  the  rotational  angular 
position  of  the  head  of  a  listener  corresponding 
to  the  movement  of  the  head  of  the  listener 
relative  to  virtual  sound  sources; 

means  for  storing  transfer  characteristics 
information  representative  of  transfer  charac- 
teristics  of  direct  sounds  from  virtual  sound 
sources  to  both  ears  of  the  listener  for  each 
predetermined  rotational  angular  position  in  at 

least  the  first  quadrant;  and 
audio  signal  processing  means  which 

based  upon  the  transfer  characteristics  infor- 
mation  of  at  least  one  quadrant  stored  in  said 

5  storing  means,  forms  the  transfer  characteristic 
information  in  the  rotational  angular  position  of 
the  head  represented  by  an  detection  output  of 
said  detecting  means  for  processing  left  and 
right  channel  audio  signals,  whereby  audio  sig- 

io  nals  which  have  been  processed  by  said  audio 
signal  processing  means  are  reproduced  as 
sounds  by  headphone  means. 

2.  An  audio  signal  reproducing  apparatus  as  de- 
15  fined  in  Claim  1  in  which  said  detecting  means 

includes 
a  pair  of  signal  detecting  elements  for  de- 

tecting  a  reference  signal  transmitted  from  a 
reference  signal  source; 

20  means  for  calculating  the  distance  be- 
tween  said  reference  signal  source  and  the 
head  of  the  listener  from  the  phase  difference 
between  the  detection  output  signals  from  said 
pair  of  the  signal  detecting  elements  and  said 

25  reference  signal;  and 
means  for  detecting  the  time  difference 

between  the  detection  output  signals  from  said 
pair  of  signal  detecting  elements,  whereby  the 
rotational  angular  position  of  the  head  of  the 

30  listener  is  calculated  by  using  information  on 
the  distance  obtained  from  said  distance  cal- 
culating  means  and  on  the  time  difference 
obtained  from  said  time  difference  detecting 
means. 

35 
3.  An  audio  signal  reproducing  apparatus  as  de- 

fined  in  Claim  1  in  which  said  audio  signal 
processing  means  includes 

a  first  signal  processor  for  applying  to  the 
40  right  channel  input  audio  signal  a  convolution- 

integration  of  the  impulse  response  corre- 
sponding  to  transfer  characteristics  of  an  right 
channel  reproduced  audio  signal  of  an  input 
audio  signal  to  the  right  ear; 

45  a  second  signal  processor  for  applying  to 
the  right  channel  input  audio  signal  a 
convolution-integration  of  the  impulse  response 
corresponding  to  the  transfer  characteristics  of 
the  right  channel  reproduced  audio  signal  to 

50  the  left  ear; 
a  third  signal  processor  for  applying  to  the 

left  channel  input  audio  signal  a  convolution- 
integration  of  the  impulse  response  corre- 
sponding  to  the  transfer  characteristics  of  the 

55  left  channel  reproduced  audio  signal  of  the 
input  audio  signal  to  the  right  ear; 

a  fourth  signal  processor  for  applying  to 
the  left  channel  input  audio  signal  a 
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convolution-integration  of  the  impulse  response 
corresponding  to  the  transfer  characteristics  of 
the  left  channel  reproduced  audio  signal  to  the 
left  ear; 

a  first  means  for  adding  the  output  of  said  5 
first  signal  processing  unit  with  the  output  of 
the  third  signal  processing  unit; 

a  second  means  for  adding  the  output  of 
said  second  signal  processing  unit  with  the 
output  of  the  fourth  signal  processing  unit  10 
whereby,  the  outputs  of  the  first  and  second 
adding  means  are  supplied  to  the  right  and  left 
channel  headphones  of  said  headphone  set, 
respectively. 

75 
An  audio  signal  reproducing  apparatus  as  de- 
fine  in  Claim  1  in  which  said  storing  means 
preliminarily  stores  the  transfer  characteristics 
information  representative  of  the  transfer  char- 
acteristics  from  said  virtual  sound  sources  to  20 
both  ears  of  the  listener  in  the  first  quadrant  of 
the  rotational  angular  position  of  the  head. 

An  audio  signal  reproducing  apparatus  as  de- 
fined  in  Claim  4  and  further  including  control  25 
means  which  reads  from  said  storing  means 
the  transfer  characteristics  information  in  the 
first  quadrant  corresponding  to  the  rotational 
angular  position  of  the  head  represented  by 
the  detection  output  from  said  detection  means  30 
for  supplying  said  audio  signal  processing 
means  with  the  read  transfer  characteristics 
information  together  with  a  control  signal  repre- 
sentative  of  which  quadrant  the  rotational  an- 
gular  position  represented  by  the  detection  35 
output  from  said  detecting  means  belongs  to. 

An  audio  signal  reproducing  apparatus  as  de- 
fined  in  Claim  5  in  which  said  audio  signal 
processing  means  includes  40 

a  first  signal  processor  for  applying  to  the 
right  channel  input  audio  signal  a  convolution- 
integration  of  the  impulse  response  corre- 
sponding  to  transfer  characteristics  of  an  right 
channel  reproduced  audio  signal  of  an  input  45 
audio  signal  to  the  right  ear; 

a  second  signal  processor  for  applying  to 
the  right  channel  input  audio  signal  a 
convolution-integration  of  the  impulse  response 
corresponding  to  the  transfer  characteristics  of  50 
the  right  channel  reproduced  audio  signal  to 
the  left  ear; 

a  third  signal  processor  for  applying  to  the 
left  channel  input  audio  signal  a  convolution- 
integration  of  the  impulse  response  corre-  55 
sponding  to  the  transfer  characteristics  of  the 
left  channel  reproduced  audio  signal  of  the 
input  audio  signal  to  the  right  ear; 

a  fourth  signal  processor  for  applying  to 
the  left  channel  input  audio  signal  a 
convolution-integration  of  the  impulse  response 
corresponding  to  the  transfer  characteristics  of 
the  left  channel  reproduced  audio  signal  to  the 
left  ear; 

a  first  means  for  adding  the  output  of  said 
first  signal  processing  unit  with  the  output  of 
the  third  signal  processing  unit; 

a  second  means  for  adding  the  output  of 
said  second  signal  processing  unit  with  the 
output  of  the  fourth  signal  processing  unit 
whereby  the  outputs  of  the  first  and  second 
adding  means  are  supplied  to  the  right  and  left 
channel  headphones  of  said  headphone  set, 
respectively. 

7.  An  audio  signal  reproducing  apparatus  as  de- 
fined  in  Claim  6  in  which  said  audio  signal 
processing  means  includes 

a  first  selecting  means  for  supplying  said 
right  channel  input  audio  signal  to  said  first 
and  second  signal  processing  unit  when  the 
control  signal  represents  the  first  or  third  quad- 
rant  and  for  supplying  said  right  channel  input 
audio  signal  to  the  third  and  fourth  signal  pro- 
cessing  units  when  the  control  signal  repre- 
sents  the  second  or  fourth  quadrant; 

a  second  selecting  means  for  supplying 
the  left  channel  input  audio  signal  to  the  third 
and  fourth  signal  processing  units  when  said 
control  signal  represent  the  first  or  third  quad- 
rant  and  for  supplying  the  right  channel  input 
audio  signal  to  the  first  and  second  signal 
processing  units  when  the  control  signal  repre- 
sent  the  second  or  fourth  quadrant; 

a  third  selecting  means  for  selecting  the 
output  of  said  first  adding  means  when  said 
control  signal  represents  the  second  or  fourth 
quadrant  and  for  selecting  the  output  of  said 
second  adding  means  when  said  control  signal 
represents  the  second  or  fourth  quadrant; 

a  fourth  selecting  means  for  selecting  the 
output  of  said  second  adding  means  when  the 
control  signal  represents  the  first  or  third  quad- 
rant  and  for  selecting  the  output  of  the  first 
adding  means  when  the  control  signal  repre- 
sents  the  second  or  fourth  quadrant; 

a  fifth  selecting  means  for  supplying  the 
output  of  said  third  selecting  means  to  the 
right  channel  headphone  of  the  headphone  set 
when  said  control  signal  represents  the  first  or 
third  quadrant  and  for  supplying  the  output  of 
the  third  selecting  means  to  the  right  channel 
headphone  of  the  headphone  set  via  a  low 
pass  filter  when  said  control  signal  represents 
the  second  and  fourth  quadrant;  and 

a  sixth  selecting  means  for  supplying  the 
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output  of  said  fourth  selecting  means  to  the  left 
channel  headphone  of  the  headphone  set 
when  said  control  signal  represents  the  first  or 
third  quadrant  and  for  supplying  the  output  of 
the  fourth  selecting  means  to  the  left  channel  5 
headphone  of  the  headphone  set  via  a  low 
pass  filter  when  the  control  signal  represents 
the  second  or  fourth  quadrant. 

An  audio  signal  reproducing  apparatus  as  de-  10 
fined  in  Claim  4  and  including  interpolation 
processing  means  which  reads  from  said  stor- 
ing  means  the  information  on  at  least  two 
transfer  characteristics  of  the  first  quadrant 
corresponding  to  the  vicinity  of  the  rotational  is 
angular  position  of  the  head  represented  by 
the  detection  output  from  said  detecting  means 
for  determining  the  transfer  characteristic  in- 
formation  corresponding  to  the  actual  rotational 
angular  position  represented  by  the  detection  20 
output  of  said  detecting  means  by  an  interpola- 
tion  processing. 

An  audio  signal  reproducing  apparatus  as  de- 
fined  in  Claim  8  in  which  said  interpolation  25 
processing  means  supplies  the  transfer  char- 
acteristics  information  determined  by  said  in- 
terpolation  processing  to  said  audio  signal  pro- 
cessing  means  together  with  a  control  signal 
representing  which  quadrant  the  actual  rota-  30 
tional  angular  position  of  the  head  represented 
by  the  detection  output  from  said  detecting 
means  belongs  to. 

.  An  audio  signal  reproducing  apparatus,  com-  35 
prising:  means  for  storing  transfer  characteris- 
tics  information  representative  of  the  transfer 
characteristics  from  virtual  sound  sources  to 
both  ears  of  a  listener  for  each  predetermined 
rotational  angle  corresponding  to  the  move-  40 
ment  of  a  head  of  the  listener; 

means  for  detecting  the  rotational  angular 
position  corresponding  to  the  movement  of  the 
head  of  the  listener; 

interpolation  operation  means  which  reads  45 
from  said  storing  means  information  on  at  least 
two  transfer  characteristic  in  the  vicinity  of  the 
rotational  angular  position  of  the  head  repre- 
sented  by  an  detection  output  of  said  detecting 
means  for  interpolation-processing  the  read  so 
transfer  characteristics  information  in  the  rota- 
tional  angular  position  of  the  head  represented 
by  the  detection  output  of  said  detecting 
means;  and 

audio  signal  processing  means  for  pro-  55 
cessing  left  and  right  channel  audio  signals 
with  the  transfer  characteristics  information  de- 
termined  by  said  interpolation  operation 

means,  whereby  the  audio  signals  which  have 
been  processed  by  said  audio  signal  process- 
ing  means  are  reproduced  as  sounds  by  head- 
phone  set. 

11.  An  audio  signal  reproducing  apparatus  as  de- 
fined  in  Claim  10  in  which  said  detecting 
means  includes 

a  pair  of  signal  detecting  elements  for  de- 
tecting  a  reference  signal  transmitted  from  a 
reference  signal  source; 

means  for  calculating  the  distance  be- 
tween  said  reference  signal  source  and  the 
head  of  the  listener  from  the  phase  difference 
between  the  detection  output  signals  from  said 
pair  of  the  signal  detecting  elements  and  said 
reference  signal;  and 

means  for  detecting  the  time  difference 
between  the  detection  output  signals  from  said 
pair  of  signal  detecting  elements,  whereby  the 
rotational  angular  position  of  the  head  of  the 
listener  is  calculated  by  using  information  on 
the  distance  obtained  from  said  distance  cal- 
culating  means  and  on  the  time  difference 
obtained  from  said  time  difference  detecting 
means. 

12.  An  audio  signal  reproducing  apparatus  as  de- 
fined  in  Claim  10  in  which  said  audio  signal 
processing  means  includes 

a  first  signal  processor  for  applying  to  the 
right  channel  input  audio  signal  a  convolution- 
integration  of  the  impulse  response  corre- 
sponding  to  transfer  characteristics  of  an  right 
channel  reproduced  audio  signal  of  an  input 
audio  signal  to  the  right  ear; 

a  second  signal  processor  for  applying  to 
the  right  channel  input  audio  signal  a 
convolution-integration  of  the  impulse  response 
corresponding  to  the  transfer  characteristics  of 
the  right  channel  reproduced  audio  signal  to 
the  left  ear; 

a  third  signal  processor  for  applying  to  the 
left  channel  input  audio  signal  a  convolution- 
integration  of  the  impulse  response  corre- 
sponding  to  the  transfer  characteristics  of  the 
left  channel  reproduced  audio  signal  of  the 
input  audio  signal  to  the  right  ear; 

a  fourth  signal  processor  for  applying  to 
the  left  channel  input  audio  signal  a 
convolution-integration  of  the  impulse  response 
corresponding  to  the  transfer  characteristics  of 
the  left  channel  reproduced  audio  signal  to  the 
left  ear; 

a  first  means  for  adding  the  output  of  said 
first  signal  processing  unit  with  the  output  of 
the  third  signal  processing  unit; 

a  second  means  for  adding  the  output  of 
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said  second  signal  processing  unit  with  the 
output  of  the  fourth  signal  processing  unit, 
whereby  the  outputs  of  the  first  and  second 
adding  means  are  supplied  to  the  right  and  left 
channel  headphones  of  said  headphone  set, 
respectively. 

3.  An  audio  signal  reproducing  apparatus  as  de- 
fined  in  Claim  10  in  which  said  interpolation 
operation  means  reads  from  said  storing 
means  the  information  on  two  transfer  char- 
acteristics  in  the  vicinity  of  the  rotational  an- 
gular  position  of  the  head  represented  by  the 
detection  output  from  said  detecting  means  for 
linear  interpolation  operating  the  information  on 
the  transfer  characteristics  in  the  rotational  an- 
gular  position  of  the  head  represented  by  the 
detection  output  from  said  detecting  means. 

4.  An  audio  signal  reproducing  apparatus  as  de- 
fined  in  Claim  10  in  which  said  interpolation 
operation  means  reads  from  said  storing 
means  the  information  on  more  than  two  trans- 
fer  characteristics  in  the  vicinity  of  the  rota- 
tional  angular  position  of  the  head  represented 
by  the  detection  output  from  said  detecting 
means  for  secondary  interpolation  operating 
the  information  on  the  transfer  characteristics 
in  the  rotational  angular  position  of  the  head 
represented  by  the  detection  output  from  said 
detecting  means. 
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