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©  Hearing  aid  noise  suppression  system. 

©  A  hearing  aid  responds  to  increased  noise  by 
changing  its  frequency  response  to  reduce  the  ef- 
fects  of  the  noise.  The  hearing  aid  has  a  fast  attack 
time  and  a  much  slower  release  time. 
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HEARING  AID  NOISE  SUPPRESSION  SYSTEM 

ther  advantageously,  the  base  of  the  transistor  is 
connected  to  a  charging  capacitor  which  charges 
more  quickly  with  increased  noise  levels  and  which 
discharges  only  much  more  slowly  when  the  noise 

5  levels  decrease.  This  gives  the  system  the  desired 
faster  attack  time  (to  increase  intelligibility  in  the 
presence  of  noise)  and  much  slower  release  time 
(to  give  the  user's  auditory  system  the  opportunity 
to  adapt  and  therefore  to  increase  comfort)  when 

10  the  noise  level  diminishes. 

BACKGROUND  OF  THE  INVENTION 

The  invention  relates  to  hearing  aids,  and  more 
particularly  relates  to  hearing  aids  of  the  type 
which  respond  to  changes  of  noise  levels  in  the 
user's  sound  environment 

It  is  known  that  the  performance  of  a  hearing 
aid  improves  when  its  frequency  response  changes 
with  the  ambient  noise  level.  This  can  be  done,  for 
example,  by  monitoring  the  sound  environment  for 
the  presence  of  low-frequency  sounds,  which  are 
present  in  noisy  environments.  In  devices  of  this 
type,  the  frequency  response  of  ttie  hearing  aid  is 
changed  so  that  the  device  becomes  less  respon- 
sive  to  low-frequency  sounds  as  those  sounds  be- 
come  louder,  and  vice  versa.  This  blocks  out  the 
noise  and  improves  intelligibility  for  the  user. 

However,  these  known  devices  are  difficult  to 
use.  This  is  because  known  hearing  aids  respond 
to  short-duration  sounds,  thereby  causing  uncom- 
fortable  rapid  fluctuations  of  the  signal  level  when 
the  noise  level  changes. 

ft  would  be  advantageous  to  provide  a  hearing 
aid  which  provided  a  noise  suppression  feature  that 
was  nonetheless  comfortable  for  a  user. 

One  object  of  the  invention  is  to  provide  a 
hearing  aid  which  has  a  variable  frequency  re- 
sponse  to  improve  intelligibility  in  high  noise  envi- 
ronments  which  is  nonetheless  comfortable  for  use. 

Another  object  is,  in  general,  to  improve  on 
known  devices  of  this  type. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

75  Exemplary  and  non-limiting  preferred  embodi- 
ments  of  the  invention  are  shown  in  the  drawings, 
in  which: 

Frg.  1  is  a  diagram  of  an  in-the-ear  hearing 
aid  in  accordance  with  the  invention; 

20  Fig.  2  illustrates  the  response  of  a  typical 
bandpass  filter  in  the  preferred  embodiment; 

Fig.  3  illustrates  a  typical  faster  attack  time 
and  slower  release  time  in  accordance  with  the 
invention;  and 

25  Rg.  4  illustrates  a  typical  response  of  the 
invention  to  increased  noise  levels. 

DETAILED  DESCRIPTION  OF  PREFERRED  EM- 
BODIMENTS 30 

A  hearing  aid  contains  a  microphone  2,  a  pow- 
er  amplifier  4,  and  a  receiver  6  which  functions  as 
a  loudspeaker.  Between  the  microphone  2  and  the 

35  power  amplifier  4  is  an  adjustable  high-pass  filter  8 
made  up  of  two  series-connected  capacitors  10 
and  12. 

The  frequency  response  of  this  system  is  de- 
termined  by  the  characteristics  of  the  filter  8.  As 

40  will  be  explained  below,  the  impedance  of  this  filter 
8,  and  therefore  the  frequency  response  of  the 
whole  system,  is  varied  by  shunting  across  the 
capacitor  12  with  a  variable  resistance  determined 
by  the  presence  of  noise  at  the  microphone  2.  The 

45  mechanics  by  which  such  variation  is  accom- 
plished  will  now  be  discussed. 

A  circuit  14  is  used  to  carry  this  variation  out. 
Within  the  circuit  14,  there  is  contained  an  active 
low  frequency  bandpass  filter  16,  which  identifies 

so  noise  (here,  low-frequency  sounds  from  500  Hz 
down  to  150  Hz)  at  the  microphone  2.  The  band- 
pass  filter  16  in  this  example  is  made  up  of  an 
operational  amplifier  16A  whose  output  and  invert- 
ing  input  are  bridged  by  a  parallel  RC  network 
which  includes  capacitor  16B  and  resistor  16C.  The 

SUMMARY  OF  THE  INVENTION 

In  accordance  with  the  invention,  the  frequency 
response  of  the  hearing  aid  is  varied  in  accordance 
with  the  presence  and  absence  of  low-frequency 
sounds  in  the  user's  sonic  environment.  Further  in 
accordance  with  the  invention,  the  hearing  aid  re- 
sponds  more  quickly  to  increases  in  noise  level 
and  much  more  slowly  to  decreases  in  noise  level. 
This  gives  a  user's  auditory  system  time  to  adapt 
to  the  changed  frequency  response  of  the  hearing 
aid  while  still  preserving  intelligibility  in  the  pres- 
ence  of  high  noise  levels. 

in  a  preferred  embodiment,  the  hearing  aid  has 
a  filter  capacitor  through  which  the  signal  from  the 
microphone  passes  before  entering  the  amplifier. 
The  filter  capacitor  is  shunted  by  a  resistive  path  of 
variable  resistance;  this  path  is  preferably  the 
collector-emitter  path  of  a  transistor  whose  conduc- 
tive  state  is  determined  by  the  presence  of  low- 
frequency  sounds  present  at  the  microphone.  Fur- 
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input  of  the  operational  amplifier  16A,  and  therefore 
of  the  bandpass  filter  16,  is  connected  to  the  mi- 
crophone  2  through  a  series  circuit  which  includes 
a  potentiometer  18,  a  capacitor  20,  and  a  resistor 
22.  The  potentiometer  18  is  used  to  set  the  level  of 
the  circuit  14. 

Sounds  within  the  frequency  band  passed  by 
the  bandpass  filter  16  are  then  routed  to  the  input 
of  an  operational  amplifier  28  through  a  series  RC 
circuit  which  includes  a  resistor  24  and  capacitor 
26.  The  operational  amplifier  28  is  connected  as  a 
conventional  driver  amplifier  with  a  resistance  30 
between  its  output  and  inverting  intput. 

The  operational  amplifier  28  appropriately  bi- 
ases  the  base-emitter  circuit  of  an  NPN  transistor 
32,  whose  collector  is  connected  to  the  voltage 
source.  The  transistor  32  is  biased  in  such  a  way 
that  it  rectifies  the  signal  at  the  output  of  the 
operational  amplifier  28.  (Rectification  is  necessary 
so  as  not  to  discharge  the  capacitor  36  described 
below). 

Current  passing  through  the  emitter  of  transis- 
tor  32  is  used  to  control  the  conductive  state  of  a 
PNP  transistor  34  which  has  its  collector-emitter 
circuit  connected  across  the  capacitor  12.  This  is 
done  indirectly  by  using  the  current  through  the 
emitter  of  the  transistor  32  to  charge  up  a  capacitor 
36  and  by  making  the  conductive  state  of  transistor 
34  dependant  upon  the  voltage  across  the  capaci- 
tor  36. 

Current  passing  through  the  emitter  of  the  tran- 
sistor  32  passes  through  a  resistor  38,  which  is 
connected  to  one  plate  of  the  capacitor  36.  The 
other  plate  of  the  capacitor  36  is  grounded.  The 
ungrounded  plate  of  capacitor  36  is  connected  to 
the  base  of  transistor  34  through  a  resistor  40  and 
a  resistor  42  shunts  across  the  capacitor  36. 

When  current  flows  through  the  emitter  of  tran- 
sistor  32,  the  current  passes  through  resistor  38 
and  charges  capacitor  36.  As  the  voltage  across 
capacitor  36  increases,  the  voltage  difference  be- 
tween  the  base  and  the  emitter  of  transistor  34  also 
decreases,  making  the  transistor  34  less  conduc- 
tive.  This  has  the  effect  of  shunting  the  capacitor 
1  2  with  a  resistor  of  increasing  resistance. 

When  current  flow  through  the  emitter  of  tran- 
sistor  32  decreases,  the  capacitor  36  then  di- 
scharges  through  the  resistor  42.  This  reduces  the 
voltage  across  the  capacitor  36,  reduces  the  volt- 
age  at  the  base  of  transistor  34,  increases  the 
voltage  across  the  emitter-base  junction  of  transis- 
tor  34,  and  makes  transistor  34  more  conductive. 
This  has  the  effect  of  placing  a  resistive  shunt  of 
decreasing  resistance  across  capacitor  12. 

Thus,  the  circuit  14  responds  to  low-frequency 
noise  at  the  microphone  2.  by  keeping  the  high- 
pass  filter  8  in  its  highest-pass  state.  This  is  be- 
cause  a  large  quantity  of  noise  at  the  microphone  2 

will  tend  to  keep  the  capacitor  36  charged  up, 
rendering  the  transistor  34  entirely  non-conductive 
and  placing  an  open  resistive  circuit  across  the 
capacitor  12.  However,  as  the  noise  at  microphone 

5  2  decreases,  the  current  flow  through  the  transistor 
32  decreases,  the  charge  across  the  capacitor  36 
decreases,  the  transistor  34  becomes  more  con- 
ductive,  and  the  effect  of  the  capacitor  12  becomes 
less  and  less  important  to  the  high-pass  filter  8.  In 

w  this  way,  the  frequency  response  of  the  system  is 
adapted  to  the  noise  in  the  user's  environment;  the 
system  becomes  less  responsive  to  low  frequen- 
cies  as  the  low  frequencies  become  more  predomi- 
nant. 

75  The  resistance  of  resistor  38  is  much  less  than 
the  resistance  of  the  resistor  42.  This  has  the  effect 
that  increased  noise  levels  at  the  microphone  2 
cause  the  capacitor  36  to  charge  up  more  rapidly 
than  it  can  discharge  when  the  noise  level  at  the 

20  microphone  2  decreases.  The  effect  of  this  elec- 
trical  characteristic  is  that  when"  noise  at  the  micro- 
phone  2  rises,  the  system  soon  becomes  less 
responsive  to  noise  so  that  intelligibility  is  main- 
tained.  However,  when  the  ambient  noise  level 

25  drops,  the  increased  low-frequency  response  of  the 
system  is  phased  in  over  a  much  longer  period  of 
time,  to  permit  the  user's  hearing  system  to  adjust. 
This  type  of  response  is  known  to  persons  skilled 
in  the  art  as  a  faster  attack  time  and  a  much  slower 

30  release  time.  In  this  example,  the  attack  time  is 
approximately  ten  times  as  long  as  the  release 
time.  It  should  be  noted  that  the  attack  time,  while 
fast  in  comparison  to  the  release  time,  is  not  fast  in 
the  absolute  sense.  This  is  so  that  the  hearing  aid 

35  does  not  respond  to  short,  momentary  noise  lasting 
less  than  perhaps  50  ms. 

The  response  of  the  bandpass  filter  16  in  this 
example  is  illustrated  in  Fig.  2.  This  indicates  that 
"noise"  is  defined  as  sounds  having  frequencies  in 

40  the  band  between  500  Hz  and  150  Hz.  While  this 
particular  response  is  desired,  it  is  not  necessary 
for  the  practice  of  the  invention  and  the  width, 
shape  and  actual  location  of  the  band  which  is 
passed  by  the  bandpass  filter  16  can  be  changed. 

45  Fig.  3  illustrates  the  response  of  the  invention 
to  changes  in  the  amount  of  250  Hz  noise  at  the 
input  of  the  circuit  14.  At  time  t,,  the  quantity  of 
noise  is  abruptly  reduced.  This  shows  that  the  gain 
of  the  system  is  cut  down  but  then  slowly  rises 

so  once  again  until  the  high-pass  filter  8  has  reached 
its  least  high-pass  state.  When,  at  time  t2,  the 
amount  of  noise  is  abruptly  increased,  the  system 
responds  with  a  faster  attack  time  to  put  a  rapid 
clamp  on  the  response  of  the  circuit  to  the  noise 

55  by  shifting  the  frequency  response  of  the  high-pass 
filter  upward.  The  attack  time  constant  of  approxi- 
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mateiy  7Q  msec  gives  the  circuit  the  same  tound- 
ness  integration  behavior  as  the  human  auditory 
sysfem.  The  ear  has  a  temporal  integration  time 
constant  in  Hie  range  of  50  to  100  msec. 

Fig.  4  shows  the  overall  response  of  the  inven- 
tion  to  a  250  Hz  signal.  This  indicates  that  the 
response  of  the  system  begins  to  drop  at  approxi- 
mately  40db  below  IV  and  only  begins  rising  at 
about  47db.  This  curve  can  be  shifted  up  and  down 
by  adjusting  the  potentiometer  18. 

Those  skilled  in  the  art  will  understand  that 
changes  can  be  made  in  the  preferred  embodi- 
ments  here  described,  and  that  these  embodiments 
can  be  used  for  other  purposes.  Such  changes  and 
uses  are  within  the  scope  of  the  invention,  which  is 
limited  only  by  the  claims  which  follow. 

which  said  timing  capacitor  is  discharged,  said 
charging  resistor  (38)  having  a  lower  resistance 
than  said  discharging  resistor  (42). 

10 

75 

Claims 

1.  A  hearing  aid,  comprising: 
a  microphone  (2); 
an  amplification  system  (4)  amplifying  signals  pro- 
duced  by  the  microphone; 
a  receiver  (6)  for  converting  signals  amplified  by 
the  amplification  system  into  acoustic  information; 
and 
means  (8,  14)  for  varying  the  frequency  response 
of  the  amplification  system  as  a  function  of  the 
existence  of  low-frequency  sounds  at  said  micro- 
phone,  said  varying  means  having  a  fast  attack 
time  and  a  much  slower  release  time. 

2.  A  hearing  aid  circuit,  comprising: 
a  high-pass  filter  (8)  with  adjustable  frequency  re- 
sponse; 
a  bandpass  filter  (16);  and 
an  attack  and  release  circuit  (24  through  42)  con- 
necting  the  bandpass  filter  (16)  to  the  high-pass 
filter  (8)  in  a  manner  that  an  increased  output  from 
the  bandpass  filter  changes  the  frequency  re- 
sponse  of  the  high-pass  filter  after  an  attack  time 
and  a  decreased  output  from  the  bandpass  filter 
changes  the  frequency  response  of  the  high-pass 
filter  after  a  release  time  which  is  much  longer  than 
said  attack  time. 

3.  The  hearing  aid  circuit  of  claim  2,  wherein 
said  high-pass  filter  (8)  comprises  a  filter  capacitor 
(12)  and  said  attack  and  release  circuit  (24  through 
42)  comprises  a  transistor  (34)  with  its  collector- 
emitter  circuit  shunting  said  filter  capacitor. 

4.  The  hearing  aid  circuit  of  claim  3,  wherein 
said  attack  and  release  circuit  (14)  further  com- 
prises  a  timing  capacitor  (36)  which  is  connected  to 
the  base  of  said  transistor  (34),  a  charging  resistor 
(38)  through  which  said  timing  capacitor  is 
clamped,  and  a  discharging  resistor  (42)  thereof 
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