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(54)  Directional  hearing  device 

(57)  A  hearing  device  comprising  at  least  two  micro- 
phones,  a  processor  and  an  output  for  further  process- 
ing  in  a  reproducer,  the  microphones  being  electrically 
coupled  to  the  processor,  and  the  output  for  further 
processing  in  a  reproducer  being  connected  to  the  proc- 
essor. 

The  processor  comprises:  a  summer  providing  a 
sum  signal  of  the  microphone  signals,  and  to  which  sum- 

mer  a  proportional  amplifier  is  connected,  and  a  summer 
for  providing  a  difference  signal  of  the  microphone  sig- 
nals,  to  which  summer  an  integrator  is  connected,  and 
that  the  proportional  amplifier  and  the  integrator  are  cou- 
pled  on  the  output  side  to  a  third  summer  providing  a 
sum  signal  of  the  proportional  amplifier  and  the  integra- 
tor,  and  that  the  third  summer  forms  the  output  for  further 
processing  in  a  reproducer. 
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Description 

[0001]  The  invention  relates  to  a  hearing  device  com- 
prising  at  least  two  microphones,  a  processor  and  an 
output  for  further  processing  in  a  reproducer,  the  micro-  s 
phones  being  electrically  coupled  to  the  processor 
which  comprises  a  first  summer  for  providing  a  differ- 
ence  signal  of  the  microphone  signals,  to  which  first 
summer  an  integrator  is  connected,  and  the  output  for 
further  processing  in  a  reproducer  being  connected  to  10 
the  processor. 
[0002]  Such  a  hearing  apparatus  is  known  from  the 
international  patent  application  WO  95/12961.  This  ap- 
plication  relates  to  a  directional  microphone  system  in 
which  three  microphones  are  used.  Of  two  micro-  15 
phones,  the  output  signals  are  amplified  both  propor- 
tionally  and  integratingly  and  supplied  to  a  summer. 
[0003]  In  hearing  apparatus,  the  directivity  is  very  im- 
portant  to  achieve  a  high  audibility  of  speech.  The 
acoustic  signals  should  be  selectively  amplified:  only  the  20 
speech  signals  or  other  important  audio  information 
should  be  amplified,  not  the  inevitable  undesired  noise. 
[0004]  There  is  therefore  a  need  for  highly  directional 
hearing  apparatus  in  which  the  directional  characteristic 
of  the  hearing  apparatus  gives  a  good  response  to  the  25 
difference  in  sound  pressure  between  two  discrete  mi- 
crophones. 
[0005]  The  invention  provides  such  a  hearing  appa- 
ratus,  which  is  characterized  in  that  the  processor  com- 
prises  a  second  summer  providing  a  sum  signal  of  the  30 
microphone  signals,  and  to  which  second  summer  a 
proportional  amplifier  is  connected,  and  that  the  propor- 
tional  amplifier  and  the  integrator  are  coupled  on  the  out- 
put  side  to  a  third  summer  providing  a  sum  signal  of  the 
proportional  amplifier  and  the  integrator,  and  that  the  35 
third  summer  forms  the  output  for  further  processing  in 
a  reproducer. 
[0006]  Thus,  a  flat  frequency  response  and  a  nearly 
constant  directional  index  can  be  achieved. 
[0007]  The  invention  can  advantageously  be  used  40 
such  that  the  hearing  device  comprises  three  micro- 
phones  and  two  processors,  of  which  microphones  in 
each  case  two  are  connected  pairwise  to  a  processor, 
that  a  first  processor  is  connected  to  a  low-pass  filter, 
that  a  second  processor  is  connected  to  a  high-pass  fil-  45 
ter,  that  the  low-pass  filter  and  the  high-pass  filter  are 
connected  to  a  fourth  summer  for  providing  a  sum  signal 
of  the  low-pass  filter  and  the  high-pass  filter,  and  that 
the  fourth  summer  forms  the  output  for  further  process- 
ing  in  a  reproducer.  so 
[0008]  The  invention  will  now  be  explained  below  in 
more  detail,  with  reference  to  the  accompanying  draw- 
ings  and  the  description,  by  way  of  example,  in  which 
drawings: 

55 
Fig.  1  schematically  shows  the  diagram  of  the  in- 
vention; 
Fig.  2  schematically  shows  the  diagram  of  an  ad- 

vantageous  embodiment  of  the  invention;  and 
Figs.  3a  and  3b  show  graphs  of  the  frequency  re- 
sponse  vs.  frequency  and  directional  index  vs.  fre- 
quency,  plotting  results  of  a  hearing  device  accord- 
ing  to  the  invention. 

[0009]  Referring  to  Fig.  1  two  microphones  m-,  and  m2 
are  schematically  shown,  which  form  part  of  a  hearing 
device  according  to  the  invention.  The  microphones  m-, 
and  m2  are,  for  instance,  omnidirectional  microphones 
spaced  apart  a  given  distance.  The  processor  is  sche- 
matically  indicated  by  dash  lines. 
[0010]  The  microphones  m-,  and  m2  are  electrically 
coupled  in  any  suitable  manner  to  a  first  summer  S1  for 
providing  a  difference  signal  of  these  microphone  sig- 
nals.  Furthermore,  an  integrator  I  is  connected  to  this 
first  summer  S1  .  As  is  known  to  those  skilled  in  the  art, 
an  integrator  can  be  composed  using  analog  electron- 
ics.  The  microphones  m-,  and  m2  are  also  electrically 
coupled  in  any  suitable  manner  to  a  second  summer  S2 
for  providing  a  sum  signal  of  these  microphone  signals. 
A  proportional  amplifier  P  is  connected  to  this  second 
summer. 
[0011]  Both  the  integrator  I  and  the  proportional  am- 
plifier  P  have  their  outputs  coupled  to  a  third  summer 
53  which  provides  a  sum  signal  of  the  signal  from  the 
proportional  amplifier  P  and  the  signal  from  the  integra- 
tor  I.  The  sum  signal  from  the  third  summer  S3  forms 
the  output  U  for  further  processing  in  a  reproducer  (not 
shown). 
[001  2]  The  output  signal  is  the  input  signal  for  the  re- 
producer. 
[0013]  The  operation  of  such  a  hearing  device  is 
based  on  the  principle  of  the  first  order  gradient  receiver. 
This  principle  is  known  per  se  to  those  skilled  in  the  art 
and  will  therefore  not  be  described  in  detail. 
[0014]  Suffice  it  to  observe  that  the  gradient  is  ob- 
tained  by  processing  the  signals  from  the  separate  om- 
nidirectional  microphones. 
[0015]  In  practice,  the  hearing  device  shown  in  Fig.  1 
is  adapted  for  a  specific  frequency  range. 
[0016]  Fig.  2  shows  three  omnidirectional  micro- 
phones  m-|  ,  m2  and  m3  for  a  hearing  device  and  two 
processors  GP1  and  GP2  with  output  signals  U-,  and  U2, 
respectively.  The  distance  between  m-,  and  m3  is  differ- 
ent  from  the  distance  between  m-,  and  m2.  Of  these  mi- 
crophones,  in  each  case  two  are  connected  pairwise  to 
a  first  and  a  second  processor,  GP1  indicating  a  low- 
frequency  gradient  processor  and  GP2  a  high-frequen- 
cy  gradient  processor,  respectively. 
[0017]  Each  of  these  processors  is  designed  in  the 
same  manner  as  the  processor  shown  in  Fig.  1  . 
[0018]  A  low-pass  filter  LF  is  connected  to  the  proc- 
essor  GP1,  while  a  high-pass  filter  HF  is  connected  to 
the  processor  GP2. 
[0019]  Furthermore,  the  low-pass  filter  LF  and  the 
high-pass  filter  HF  are  connected  to  a  fourth  summer 
54  which  can  provide  a  sum  signal  of  LF  and  HF.  The 
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output  of  the  summer  S4  feeds  the  reproducer  (not 
shown). 
[0020]  The  cross-over  frequency  of  the  high-pass  fil- 
ter  and  the  low-pass  filter  can  be  optimized  such  that 
the  output  has  a  flat  frequency  response. 
[0021]  Figs.  3a  and  3b  show  graphs  of  results  of  an 
advantageous  embodiment  according  to  the  invention. 
The  microphone  distances  were  0.1  m  for  the  low-fre- 
quency  microphone  pair  and  0.016  m  for  the  high-fre- 
quency  microphone  pair.  The  graduations  are  logarith- 
mic. 
[0022]  In  Fig.  3a  the  horizontal  axis  indicates  the  fre- 
quency  in  Hz,  while  the  vertical  axis  shows  the  frequen- 
cy  response  in  dB. 
[0023]  In  Fig.  3b  the  horizontal  axis  indicates  the  fre- 
quency  in  Hz,  while  the  vertical  axis  shows  the  directivity 
index  in  dB. 
[0024]  The  directivity  index  is  a  measure,  generally 
accepted  by  skilled  persons,  of  the  directional  behavior 
of  a  microphone  or  microphone  arrangement. 
[0025]  The  graphs  show  that  between  100  Hz  and 
5000  Hz  the  frequency  response  is  flat  and  the  directivity 
index  is  nearly  constant. 
[0026]  It  is  observed  that  a  flat  frequency  response 
can  be  undesirable  in  some  applications  of  hearing  de- 
vices,  because,  e.g.,  amplification  is  only  necessary  at 
higher  frequencies.  In  that  case  high-pass  filters  can  be 
used  immediately  after  the  microphones  or  at  the  output 
of  the  circuit. 
[0027]  The  hearing  device  according  to  the  invention 
may  advantageously  be  accommodated  in  or  on  a  side 
piece  of  eyeglasses.  The  electric  power  may  then  be 
supplied  by,  e.g.,  a  battery  or  solar  cell.  The  electrical 
output  signal  may  be  fed  to  the  reproducer  via  a  plug 
contact  or  a  coil  generating  an  electromagnetic  field 
which  can  be  received  by  a  listening  coil  in  the  hearing 
apparatus. 

Claims 

1.  A  hearing  device  comprising  at  least  two  micro- 
phones,  a  processor  and  an  output  for  further 
processing  in  a  reproducer,  the  microphones  being 
electrically  coupled  to  the  processor  which  compris- 
es  a  first  summer  for  providing  a  difference  signal 
of  the  microphone  signals,  to  which  first  summer  an 
integrator  is  connected,  and  the  output  for  further 
processing  in  a  reproducer  being  connected  to  the 
processor, 

characterized  in  that  the  processor  comprises 
a  second  summer  providing  a  sum  signal  of  the  mi- 
crophone  signals,  and  to  which  second  summer  a 
proportional  amplifier  is  connected,  and 

that  the  proportional  amplifier  and  the  integra- 
tor  are  coupled  on  the  output  side  to  a  third  summer 
providing  a  sum  signal  of  the  proportional  amplifier 
and  the  integrator,  and  that  the  third  summer  forms 

the  output  for  further  processing  in  a  reproducer. 

2.  A  hearing  device  according  to  claim  1  ,  character- 
ized  in  that  it  comprises  three  microphones  and  two 

5  processors,  of  which  microphones  in  each  case  two 
are  connected  pairwise  to  a  processor, 

that  a  first  processor  is  connected  to  a  low-pass 
filter, 

10  that  a  second  processor  is  connected  to  a  h  igh- 
pass  filter, 
that  the  low-pass  filter  and  the  high-pass  filter 
are  connected  to  a  fourth  summer  for  providing 
a  sum  signal  of  the  low-pass  filter  and  the  high- 

's  pass  filter,  and 
that  the  fourth  summer  forms  the  output  for  fur- 
ther  processing  in  a  reproducer. 

3.  A  hearing  device  according  to  claim  1  or  2,  charac- 
20  terized  in  that  it  is  accommodated  in  or  on  a  side 

piece  of  eyeglasses. 

4.  A  hearing  device  according  to  any  one  of  claims  1-3, 
characterized  in  that  the  electrical  output  signal  is 

25  fed  to  the  reproducer  via  a  plug  contact  or  a  coil. 
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