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(54)  A  sound  recording  system. 

(57)  An  artificial  head  (2)  assembly  has  mounted 
therewithin  a  pair  of  microphones  (10)  each 
having  the  plane  of  its  diaphragm  (14)  parallel 
to  the  axis  (12)  of  the  ear  channel  (8).  The  cavity 
(6)  of  the  head  (2)  is  rendered  substantially 
anechoic  by  inclusion  of  sound-absorbing  ma- 
terial  (20,  22)  therein.  The  arrangement  provides 
a  microphone  colouration-free  polar  response 
for  acoustic  recording. 
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The  present  invention  relates  to  a  sound  record- 
ing  system  including  an  artificial  head  having  a  chan- 
nel  which  communicates  at  one  end  with  an  outer-ear 
structure  and  at  the  other  end  with  a  cavity  within  the 
artificial  head,  the  system  also  including  a  micro- 
phone  mounted  within  the  head,  which  microphone 
has  an  acoustically  active  diaphragm. 

So-called  artificial  head  recording  is  described  in 
"An  electronic  dummy  for  acoustical  testing"  by  E.L. 
Torich  et  al.,  Journal  of  Audio  Engineering  Society  16 
(4),  pp  397-402  1968).  The  head  itself  generally  has 
simplified  structural  and  external  ear  features  which 
are  representative  of  the  mean  adult  population.  The 
head  also  has  an  acoustically  matched  microphone 
pair  mounted  in  the  sides  of  the  head.  The  philosophy 
behind  artificial-head  recording  is  that  sound  to  be  re- 
corded  by  each  microphone  within  the  head  must  first 
pass  through  the  associated  ear  structure  and  thus  is 
acoustically  "shaped"  in  a  manner  analogous  to  the 
human  hearing  process. 

United  States  Patent  No.  US-A-5,031,  21  6  disclo- 
ses  an  alternative,  simpler  arrangement  in  which  the 
microphones  (said  to  possess  a  unilateral  pickup  ef- 
fect)  are  mounted  in  replicas  of  the  outer-ears.  The 
position  in  which  the  microphones  are  mounted  is 
generally  that  which  corresponds  to  the  position  of  the 
pinna  openings  in  a  human  head. 

There  exist,  however,  various  shortcomings  with 
these  prior  art  arrangements.  Firstly,  with  respect  to 
the  latter,  the  microphones  are  mounted  such  that 
they  face  outward  from  the  head  with  the  microphone 
surface  flush  with  the  opening  of  the  pinna.  Such  a 
mounting  arrangement  suffers  from  problems  associ- 
ated  with  the  intrinsic  directionality  of  the  micro- 
phones  themselves.  This  is  because  all  microphones 
have  differing  frequency  response  characteristics  for 
sounds  which  are  incident  from  different  directions.  It 
is  generally  possible  to  attain  a  relatively  flat  frequen- 
cy  response  when  the  sound  source  is  on-axis  with  re- 
spect  to  the  microphone;  but  when  the  sound  source 
is  off-axis,  say  45°  off-axis,  then  the  high-frequency 
sensitivity  of  the  microphone  is  considerably  reduced 
because  the  sound  pressure  waves  approach  obli- 
quely  and  must  therefore  diffract  around  and  into  the 
diaphragm  cavity  of  the  microphone.  Shorter  wave- 
lengths  do  not  achieve  this  as  efficiently  as  the  longer 
wavelengths. 

Secondly,  in  respect  of  the  former,  it  is  possible 
for  sound  energy  which  has  passed  through  and  en- 
tered  the  ear  to  be  reflected  back  out  therethrough  by 
the  walls  of  the  cavity  in  the  dummy-head.  This  sound 
energy  may  then  impinge  upon  some  of  the  external 
ear  surfaces  and  cause  further  parasitic  resonances 
and  undesirable  secondary  reflections  back  into  the 
ear,  or  into  the  microphone. 

It  is  thus  an  object  of  the  present  invention  to  at 
least  alleviate  the  aforementioned  shortcomings  by 
providing  a  recording  system  as  defined  in  the  open- 

ing  paragraph  characterised  in  that:  the  microphone 
is  mounted  adjacent  the  channel  such  that  the  plane 
of  the  diaphragm  is  substantially  parallel  to  the  axis  of 
the  channel;  and  the  cavity  includes  sound-absorbent 

5  material  for  providing  a  substantially  anechoic  said 
cavity.  Thus  by  orienting  the  microphone  in  such  a 
manner,  a  colouration-free  (or  constant-colouration) 
microphone  configuration  may  be  achieved  having  a 
uniform  polar  response  in  the  horizontal  plane.  Fur- 

10  thermore  substantially  all  the  sound  which  passes 
through  the  ear  may  either  be  detected  by  the  micro- 
phone,  or  absorbed. 

Preferably  a  portion  of  a  surface  of  the  channel 
opposite  the  diaphragm  is  tapered,  in  a  direction  from 

15  the  outer-ear  structure  to  the  cavity,  the  taper  being 
away  from  the  microphone  such  that  any  sound  in  this 
portion  tending  to  reflect  between  the  microphone 
and  the  said  surface  of  the  channel  is  directed  toward 
the  cavity.  This  aims  to  avoid  the  formation  of  a  para- 

20  sitic  resonance  region  adjacent  the  microphone. 
Advantageously  the  sound-absorbent  material  is 

arranged  to  substantially  fill  the  cavity  and  may  com- 
prise  a  plurality  of  materials  of  differing  acoustic  ab- 
sorbencies  and/or  reflectances.  Alternatively  the 

25  sound-absorbent  material  may  comprise  a  plurality  of 
acoustic  baffles  substantially  lining  the  inside  of  the 
cavity. 

The  microphone  may  be  mounted  inside  the  cav- 
ity. 

30  The  present  invention  will  now  be  described,  by 
way  of  example  only  and  with  reference  to  the  accom- 
panying  drawings,  of  which: 

Figure  1  illustrates  schematically  a  conventional 
microphone  mounting  arrangement  in  a  dummy- 

35  head; 
Figure  2  illustrates  schematically  a  microphone 
mounting  arrangement  according  to  the  present 
invention; 
Figures  3  and  4  illustrates  schematically  alterna- 

40  tive  anechoic  cavities  in  accordance  with  the 
present  invention,  and; 
Figures  5a  and  5b  show  alternative  embodi- 
ments  of  the  present  invention. 
Referring  firstly  to  figure  1  a  conventional  artif  i- 

45  cial  head  2  has  an  outer-ear  structure  4  communicat- 
ing  with  a  cavity  6  inside  the  head  2  via  a  channel  8. 

A  cylinder  microphone  10  is  mounted  within  the 
cavity  6  and  oriented  such  that  the  axis  of  the  cylinder 
microphone  10  is  co-axial  with  the  axis  of  the  channel 

so  8.  In  this  manner,  the  diaphragm  14  of  the  microphone 
lies  orthogonal  to  the  axis  12  of  the  channel  8. 

Although  such  a  cylinder  microphone  10  is 
claimed  to  be  "omni-directional",  having  a  bright  on- 
axis  response  (that  is  an  enhanced  high-frequency 

55  response  with  respect  to  the  remainder  of  the  audio 
band  within  which  it  operates),  there  is  a  reduced  off- 
axis  sensitivity  at  high  frequencies.  It  has  been  found, 
for  example,  that  for  such  a  microphone,  the  response 
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at  10  kHz  is  around  4dB  reduced  at  45°  incidence 
compared  to  an  on-axis  incidence. 

Furthermore  the  microphone  10  orientation 
shown  in  figure  1,  due  to  it  being  mounted  within  the 
head  so  as  to  be  a  termination  to  the  channel  8,  pro- 
vides  a  semi-closed  cavity  in  this  region.  This  semi- 
closed  cavity  has  an  inherent  resonance  frequency 
which  is  undesirable  during  recording  operations  and 
is  especially  so  because  the  diaphragm  14  itself  acts 
as  the  terminating  wall  of  this  semi-closed  cavity  and 
therefore  absorbs  a  great  deal  of  the  sound  energy 
present. 

Referring  now  to  figure  2  it  can  be  seen  how  the 
invention  aims  to  obviate  the  problems  associated 
with  reduced  off-axis  response.  The  microphone  10  is 
mounted  within  the  cavity  6  adjacent  the  channel  8 
but  turned  through  90°  with  respect  to  Figure  1  such 
that  the  plane  of  the  diaphragm  14  is  now  substantial- 
ly  parallel  to,  rather  than  orthogonal  as  in  Figure  1  ,  the 
axis  12  of  the  channel  8.  The  cavity  6  contains  sound- 
absorbing  material  such  as  rock-wool.  This  orienta- 
tion  provides  a  "colouration-free"  microphone  config- 
uration  for  sound  sources  in,  say,  the  horizontal 
plane,  when  the  head  2  is  held  in  an  upright  position. 
So  if  a  sound  source  is  moved  around  the  microphone 
in  a  complete  circle  in  this  horizontal  plane,  then  there 
are  no  significant  changes  to  the  spectral  content  of 
the  corresponding  signal  caused  by  the  microphone 
1  0  itself,  the  only  spectral  changes  are  those  attribu- 
table  to  the  acoustic  modification  caused  by  the  arti- 
ficial  head  and  outer-ear  devices. 

This  is  understood  by  appreciating  that,  in  the 
configuration  illustrated  in  Figure  2,  all  sound  sources 
(not  shown)  in  the  horizontal  plane  always  subtend 
the  same  angle  with  respect  to  the  plane  of  diaphragm 
14,  namely  90°.  Thus  a  substantially  uniform  polar  re- 
sponse  is  achieved. 

Considering  now  figure  3,  which  incorporates  the 
microphone  10  orientation  as  illustrated  in  Figure  2, 
it  can  be  seen  that  the  head  2  cavity  6  no  longer  con- 
tains  a  single  sound-absorbent  material,  rather  the 
cavity  6  is  compartmentalized  such  that  it  comprises 
a  central  sound-absorbing  partition  16  which  pre- 
vents  internal  acoustic  crosstalk  to  the  other  ear  (not 
shown  because  only  half  of  the  whole  artificial  head 
has  been  illustrated  for  clarity),  an  absorbing  lining  in 
this  example,  rubber  18  to  inhibit  resonances  of  the 
head  moulding,  an  absorber  layer  of,  in  this  case, 
rock-wool  20  having  a  large  acoustic  absorption  coef- 
ficient  for  example  0.75  at  1  kHz  and  a  further  absorb- 
ing  layer,  here  polyester  fibre  22  having  a  very  small 
acoustic  reflection  coefficient  for  example  0.95  at  1 
kHz.  The  overall  effect  of  these  absorbing  materials 
is  to  provide  a  substantially  anechoic  cavity  6  such 
that  no  stray  energy  is  therewithin  which  could  inter- 
fere  with  the  diaphragm  14  once  sound  has  entered 
the  ear  4,  passed  through  the  channel  8  and  been 
sensed  by  the  microphone  10. 

It  will  also  be  observed  from  figure  3  that  a  part 
24  of  the  surface,  the  channel  8  opposite  the  dia- 
phragm  14  tapers  away  from  the  diaphragm  14  in  a 
direction  through  the  channel  8  from  the  ear4  toward 

5  the  cavity  6.  By  ensuring  that  the  surface  part  24  is 
angled  such  that  it  is  not  parallel  to  the  plane  of  the 
diaphragm  14,  then  a  parasitic  resonance  cavity  in 
the  vicinity  of  the  microphone  10  is  avoided.  The  sur- 
face  part  24  must,  however,  be  angled  so  as  to  reflect 

10  any  stray  or  residual  sound  back  into  the  substantially 
anechoic  cavity  6. 

Referring  now  to  Figure  4,  an  alternative  struc- 
ture  for  the  substantially  anechoic  cavity  6  to  that  of 
Figure  3  is  illustrated.  Here  it  can  be  seen  that  the  ab- 

15  sorbing  layers  20  and  22  have  been  replaced  by  a 
plurality  of  acoustic  baffles,  in  this  case  wedges  26 
of  rock-wool.  The  wedges  26  are  arranged  to  substan- 
tially  line  the  entire  inner  surface  of  the  cavity  6.  It  will 
be  appreciated  that  such  wedges  provide  good 

20  acoustic  absorption  and  so  render  the  cavity  6  sub- 
stantially  anechoic.  Furthermore  inclusion  of  the  rub- 
ber  18  is  desirable  in  figure  4,  although  not  essential. 

Figure  5  illustrates  embodiments  of  the  present 
invention  wherein  the  cranial  and  facial  features  of 

25  the  artificial  head  2  have  been  removed  and  a  pair  of 
ear4/microphone  6  assemblies  are  each  mounted  in 
a  casing  unit  25.  In  these  figures  the  ear  4  communi- 
cates  with  the  cavity  6  via  the  channel  8  in  the  same 
manner  as  described  herebefore.  Figure  5a  illus- 

30  trates  the  detail  of  one  of  the  microphones  1  0  which, 
in  pairs  (figure  5b),  find  particular  application  in  live- 
recording  situations,  because  the  presence  of  the  en- 
tire  (and  physically  large)  head  2  may  be  unaccept- 
able.  A  clip  28  provides  the  mounting  facility. 

35  Figure  5b  illustrates  the  practical  configuration  of 
a  pair  of  the  Figure  5a  assemblies  mounted  onto  a  bar 
30  and  spaced  apart  such  that  the  channels  8  are 
separated  by  a  distance  D  which  can  be  chosen  to  be 
the  mean  human  inter-aural  separation  (~19  cm). 

40  The  whole  assembly  is  held  on  a  stand  32. 
Those  skilled  in  the  art  will  appreciate  that  there 

are  always  practical  limitations  in  the  efficiency  of  the 
anechoic  cavity  6  of  the  artificial  head  2.  Conse- 
quently  there  will  be  a  slight  deviation  from  the  ideal, 

45  flat,  on-axis  frequency  response  of  the  microphone 
10/channel  8/cavity  6  combination  (but  without  the 
outer-ear  structure  4  in  place).  Furthermore  because 
the  microphone  10  is  placed,  in  accordance  with  the 
present  invention,  in  an  off-axis  mode,  the  high- 

50  frequency  performance  will  be  reduced  compared 
with  its  on-axis  characteristics.  Both  of  these  as- 
pects,  however,  can  be  corrected  by  spectral  modifi- 
cation  of  the  signals  produced  by  the  microphone  10 
(so  called  equalisation),  either  immediately  or  during 

55  subsequent  processing  of  the  recorded  material.  In 
any  event  the  concepts  of  equalisation  are  known  to 
those  skilled  in  the  art  and  are  not  germane  to  the 
present  invention  and  so  will  not  be  discussed  herein. 

3 
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It  will  be  understood  that  in  the  foregoing,  the  lim- 
itation  that  the  cavity  6  be  "substantially"  anechoic  is 
intended  to  cover  the  practical  case  that,  by  equalisa- 
tion  techniques,  any  reflectances  which  do  occur  in 
the  cavity  6  may  be  ignored  by  processing  equipment,  5 
yet  acknowledging  that  no  perfectly  anechoic  cavity 
can  actually  exist. 

Similarly,  the  limitations  placed  on  the  dia- 
phragm  16  being  "substantially"  parallel  to  the  axis  12 
of  channel  8  are  such  that  deviations  from  precisely  10 
parallel  adjustment  for  which  any  processing  may 
compensate  are  tolerable.  However  beyond,  say  +30° 
off  this  parallel  alignment,  the  polar  response  of  the 
microphone  10  when  mounted  within  the  artificial 
head  2  in  accordance  with  the  present  invention  be-  15 
comes  too  distorted  to  achieve  the  desirable  effects 
provided  by  the  present  invention. 

Claims  20 

1.  A  sound  recording  system  including  an  artificial 
head  having  a  channel  which  communicates  at 
one  end  with  an  outer-ear  and  structure  at  the 
other  end  with  a  cavity  within  the  artificial  head,  25 
the  system  also  including  a  microphone  mounted 
within  the  head  and  which  microphone  has  an 
acoustically  active  diaphragm,  the  system  char- 
acterised  in  that: 

the  microphone  is  mounted  adjacent  the  30 
channel  such  that  the  plane  of  the  diaphragm  is 
substantially  parallel  to  the  axis  of  the  channel; 

and  the  cavity  includes  sound-absorbent 
material  for  providing  a  substantially  anechoic 
said  cavity.  35 

6.  A  sound  recording  system  according  to  any  one 
of  the  preceding  claims  wherein  the  microphone 
is  mounted  within  the  cavity. 

7.  A  sound  recording  system  including:  a  channel 
which  communicates  at  one  end  with  an  outer-ear 
structure  and  at  the  other  end  with  a  cavity,  the 
system  also  including  a  microphone  mounted  ad- 
jacent  the  channel;  which  microphone  has  an 
acoustically  active  diaphragm  arranged  such  that 
the  plane  of  the  diaphragm  is  substantially  paral- 
lel  to  the  axis  of  the  channel;  the  channel  having 
a  portion  of  the  surface  thereof  opposite  the  dia- 
phragm  tapered,  in  a  direction  from  the  outer-ear 
structure  to  the  cavity,  the  taper  being  away  from 
the  microphone  such  that  any  sound  in  this  por- 
tion  tending  to  reflect  between  the  microphone 
and  the  said  surface  of  the  channel  is  directed  to- 
ward  the  cavity;  and  wherein  the  cavity  includes 
sound-absorbent  material  for  providing  a  sub- 
stantially  anechoic  said  cavity. 

A  sound  recording  system  according  to  Claim  1 
wherein  a  portion  of  a  surface  of  the  channel  op- 
posite  the  diaphragm  is  tapered,  in  a  direction 
from  the  outer-ear  structure  to  the  cavity,  the  ta- 
per  being  away  from  the  microphone  such  that 
any  sound  in  this  portion  tending  to  reflect  be- 
tween  the  microphone  and  the  said  surface  of  the 
channel  is  directed  toward  the  cavity. 

A  sound  recording  system  according  to  either  of 
Claim  1  or  Claim  2  wherein  the  sound-absorbent 
material  is  arranged  to  substantially  fill  the  cavity. 

40 

45 

A  sound  recording  system  according  to  Claim  3 
wherein  the  sound-absorbent  material  comprises 
a  plurality  of  materials  each  of  differing  acoustic 
absorbency  and/or  reflectance. 

50 

A  sound  recording  system  according  to  either 
Claim  1  or  Claim  2  wherein  the  sound-absorbent 
material  comprises  a  plurality  of  acoustic  baffles 
substantially  lining  the  inside  of  the  cavity. 

55 
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