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0   Bone  conduction  microphone  mount. 

@  A  bone  conduction  microphone  which  fits  into 
the  ear  of  the  user  and  which  has  means  which 
abuts  against  the  pinna  of  the  ear  causing  a  count- 
eracting  force  to  resiliently  push  the  device  against  a 
wall  of  the  ear  canal  nearest  the  back  of  the  head, 
where  bone  conducted  vibrations  are  detected  most 
efficiently. 
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BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  generally  to  a 
bone  conduction  microphone  which  converts  voice 
sound  signals  of  the  wearer  into  electrical  signals 
for  transmission.  The  voice  sound  signal  is  trans- 
mitted  to  the  ear  canal  of  the  wearer  in  the  form  of 
bone  conducted  vibrations. 

Although  conventional  ear  microphones  are  de- 
signed  to  pick  up  vibrations  by  contacting  the  ear 
canal,  they  are  normally  not  efficient.  This  ineffi- 
ciency  results  because  conventional  ear  micro- 
phones  are  inserted  in  the  ear  canal  without  touch- 
ing  the  walled  portion  of  the  ear  canal  nearest  the 
back  of  the  head  that  emanates  the  highest  level  of 
bone  conducted  vibration.  In  addition,  since  con- 
ventional  ear  microphones  are  typically  conically 
shaped,  it  is  difficult  to  orient  the  ear  microphone 
against  the  walled  portion  of  the  ear  canal  nearest 
the  back  of  the  head. 

In  conventional  ear  microphones,  the  inefficient 
detection  of  bone  conducted  vibrations  requires 
greater  signal  amplification  at  a  subsequent  stage 
of  signal  processing.  Accordingly,  when  conven- 
tional  ear  microphones  are  used  for  duplex  voice 
communication,  such  as  in  a  telephone  system,  the 
amount  of  required  amplification  makes  the  system 
more  vulnerable  to  feedback. 

Accordingly,  an  object  of  the  present  invention 
is  to  provide  a  bone  conduction  microphone  which, 
when  inserted  in  the  ear,  is  situated  against  a  wall 
of  the  ear  canal  nearest  the  back  of  the  head  in 
order  to  most  efficiently  detect  bone  conducted 
vibrations. 

A  further  object  of  the  present  invention  is  to 
utilise  the  reactionary  force  caused  by  the  resil- 
iency  of  the  pinna  of  the  ear  to  position  the  bone 
conduction  microphone  against  a  wall  of  the  ear 
canal  nearest  the  back  of  the  head. 

Additional  objects  and  advantages  of  the  inven- 
tion  will  be  set  forth  in  the  description  which  fol- 
lows,  and  in  part  will  be  obvious  from  the  descrip- 
tion,  or  may  be  learned  by  practice  of  the  inven- 
tion.  The  objects  and  advantages  of  the  invention 
may  be  realized  and  obtained  by  means  of  the 
instrumentalities  and  combinations  particularly 
pointed  out  in  the  appended  claims. 

SUMMARY  OF  THE  INVENTION 

To  achieve  the  objects  in  accordance  with  the 
purposes  of  the  present  invention,  as  embodied 
and  described  herein,  the  bone  conduction  micro- 
phone  mount  of  the  present  invention  comprises  a 
bone  conduction  microphone  for  mounting  in  the 
ear  canal  comprising  an  inside  portion,  with  a  vibra- 
tion  sensor  located  therein,  situated  in  the  ear 
canal,  and  an  outside  portion,  attached  to  the  in- 

side  portion,  including  means  which  abuts  the 
pinna  of  the  ear  for  resiliently  pushing  the  inside 
portion  of  the  microphone  against  a  wall  of  the  ear 
canal  nearest  the  back  of  the  head. 

5 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  accompanying  drawings,  which  are  incor- 
porated  in  and  constitute  a  part  of  the  specification, 

io  illustrate  the  presently  preferred  apparatus  of  the 
present  invention  and,  together  with  the  general 
description  given  above  and  the  detailed  descrip- 
tion  of  the  preferred  embodiment  given  below 
serve  to  explain  the  principles  of  the  invention.  In 

75  the  drawings: 
Fig.  1  is  an  orthogonal  view  of  a  first  preferred 
embodiment  of  the  present  invention; 
Fig.  2  is  a  cross  sectional  plan  view  of  a  head  of 
a  person  showing  the  first  embodiment  of  Fig.  1 

20  inserted  in  an  ear  canal; 
Fig.  3  is  a  side  view  of  the  bone  conduction 
microphone,  shown  in  Fig.  1,  inserted  in  an  ear 
canal  for  testing  relative  signal  levels  in  four 
positions; 

25  Fig.  4  is  a  graph  comparatively  showing  the 
relative  signal  levels  output  from  the  bone  con- 
duction  microphone  inserted  in  each  of  the  four 
positions  shown  in  Fig.  3; 
Fig.  5  is  an  orthogonal  view  of  a  second  pre- 

30  ferred  embodiment  of  a  bone  conduction  micro- 
phone  of  the  present  invention; 
Fig.  6  is  a  partial  cross  sectional  view  of  the 
second  embodiment  shown  in  Fig.  5; 
Fig.  7  is  an  orthogonal  view  of  a  third  preferred 

35  embodiment  of  a  bone  conduction  microphone 
of  the  present  invention; 
Fig.  8  is  a  detailed  view  of  the  pinna  piece  taken 
along  a  plane  defined  by  A-A,  A'  -A'  of  Fig.  7; 
Fig.  9  is  a  frontal  view  of  the  third  embodiment 

40  taken  along  a  plane  defined  by  B-B,  B'-B'  of  Fig. 
7;  and 
Fig.  10  is  a  cross  sectional  view  of  a  head  of  a 
person  showing  the  third  embodiment  of  the 
bone  conduction  microphone  of  Fig.  7  inserted 

45  in  an  ear  canal. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

50  A  first  embodiment  of  the  bone  conduction 
microphone  of  the  present  invention  is  explained 
with  reference  to  Figs.  1-4.  Fig.  1  is  an  orthogonal 
view  of  the  first  embodiment  of  the  present  inven- 
tion.  In  Fig.  1,  a  bone  conduction  microphone  1  is 

55  shown  having  a  configuration  which  facilitates  in- 
sertion  thereof  into  an  ear  canal.  The  inside  portion 
1a,  which  is  inserted  in  the  ear  canal,  is  shaped 
like  a  conical  frustum  for  a  comfortable  fit.  Inside 

2 



3 EP  0  500  985  A1 4 

portion  1a,  which  had  a  vibration  sensor  located 
therein,  is  attached  to  the  outside  portion  1b  which 
remains  outside  of  the  ear  canal.  The  outside  por- 
tion  1b  includes  an  enlarged  portion  1c.  Enlarged 
portion  1c  is  configured  so  that  when  in  use  it 
pushes  against  the  pinna,  the  extending  rear  por- 
tion  of  the  outer  ear,  which  is  largely  made  up  of 
cartilage. 

Fig.  2  is  a  cross  sectional  view  of  a  head  of  a 
person  showing  bone  conduction  microphone  1  of 
the  first  embodiment  of  Fig.  1  inserted  in  an  ear 
canal  A.  The  nose  8  is  shown  at  the  front  of  the 
head.  The  pinna  B  is  shown  at  the  back  of  the  ear, 
and  a  bone  mass  C  is  located  behind  the  ear,  and 
toward  the  back  of  the  head.  Bone  mass  C  is 
adjacent  the  back  wall  of  ear  canal  A.  In  Fig.  2, 
enlarged  portion  1c  of  the  bone  conduction  micro- 
phone  1  is  shown  abutting  the  pinna  B  when  the 
inside  portion  1a  is  inserted  in  the  ear  canal  A. 

Fig.  3  is  a  side  view  of  the  bone  conduction 
microphone  1  shown  to  Fig.  1,  inserted  sequentially 
into  an  ear  canal  A  in  four  positions  for  testing 
relative  signal  levels.  In  Fig.  3,  the  four  positions  of 
insertion  are  shown  to  be  the  back  of  the  head 
position  R,  the  forward  position  F,  the  upper  head 
position  U,  and  the  lower  head  position  L.  The 
signal  strength  of  the  bone  conducted  vibrations 
received  at  each  of  these  positions  when  the  user 
spoke  was  measured. 

Fig.  4  is  a  graph  comparatively  showing  the 
relative  signal  levels  output  from  the  bone  conduc- 
tion  microphone  1  when  it  was  inserted  in  each  of 
the  four  positions  shown  in  Fig.  3.  In  Fig.  4,  the 
vertical  axis  represents  the  output  levels  of  the 
bone  conduction  microphone  1  .  The  horizontal  axis 
represents  the  relative  positioning  of  the  bone  con- 
duction  microphone  1  in  the  four  positions  shown 
in  Fig.  3.  Fig.  4  shows  that  the  relative  signal  level 
of  bone  conducted  human  voice  vibration  detected 
by  the  bone  conduction  microphone  1  when  it  is  in 
position  R  is  more  than  two  times  that  detected  in 
positions  F,  U,  and  L. 

To  insert  the  bone  conduction  microphone  1  in 
position  R,  the  enlarged  portion  1c  of  the  bone 
conduction  microphone  1  is  positioned  to  push  the 
pinna  B  toward  the  back  of  the  head  of  the  user,  as 
illustrated  in  Fig.  2.  The  pinna  B  is  relatively  resil- 
ient  and  exerts  a  force  which  counteracts  the  force 
exerted  by  enlarged  portion  1c  tending  to  restore 
itself  to  its  original  position.  The  resilient  force  of 
the  pinna  B  rotates  the  bone  conduction  micro- 
phone  1  about  the  entrance  E  of  ear  canal  A  which 
acts  as  a  pivot  point.  The  tip  of  the  inside  portion 
1a  of  the  bone  conduction  microphone  1  is  pushed 
toward  the  wall  of  ear  canal  A  which  is  closest  to 
bone  mass  C.  As  a  result  of  the  resiliency  of  the 
pinna,  the  bone  conduction  microphone  1  is  in- 
serted  to  cause  the  inside  portion  1a  of  bone 

conduction  microphone  1  to  be  in  contact  with  the 
rear  wall  of  the  ear  canal  A  to  enable  more  efficient 
detection  of  bone  conducted  voices. 

Using  enlarged  portion  1c  to  position  the  bone 
5  conduction  microphone  1  in  position  R  requires 

that  the  enlarged  portion  1c  be  correctly  sized  so 
that  it  effectively  meshes  with  the  pinna  B  of  the 
user.  Users  of  the  bone  conduction  microphone  1 
will  have  different  sized  pinnas  which  will  require 

io  that  the  enlarged  portion  1c  be  customized  for 
each  user  in  order  to  achieve  satisfactory  reception 
of  bone  conducted  vibrations.  Sizing  can  be  done 
with  soft  pliable  materials  to  adjust  for  different 
ears,  or  a  particular  microphone  can  be  formed  for 

is  use  with  only  one  ear  of  a  particular  size. 
Fig.  5  is  a  side  view  of  a  second  preferred 

embodiment  of  the  bone  conduction  microphone  of 
the  present  invention.  The  second  preferred  em- 
bodiment  solves  the  above-mentioned  problem  of 

20  customizing  the  enlarged  portion  1c  by  including 
an  extendable  portion  2  instead  of  enlarged  portion 
1c.  The  extendable  portion  2  preferably  consists  of 
an  ear  pad  2a  and  a  movable  cylinder  2b.  The 
bone  conduction  microphone  3,  shown  in  Fig.  5, 

25  also  includes  a  conical  frustum  shaped  inside  por- 
tion  3a  which  has  a  vibration  sensor  housed  there- 
in.  Inside  portion  3a  fits  into  the  ear  canal  and  is 
attached  to  outside  portion  3b. 

Fig.  6  is  a  detailed  cross  sectional  view  of  the 
30  second  preferred  embodiment  of  the  bone  conduc- 

tion  microphone,  shown  in  Fig.  5.  Fig.  6  shows 
outside  portion  3b  which  includes  bore  3b1  bored 
therein  which  houses  moveable  cylinder  2b.  Bore 
3b1  also  houses  a  spring  S  which  is  attached  to 

35  the  bore  3b1  at  one  end.  The  other  end  of  the 
spring  S  is  attached  to  one  end  of  the  moveable 
cylinder  2b.  The  spring  S  tends  to  push  the 
moveable  cylinder  2b  out  of  bore  3b1,  when  the 
spring  S  is  released. 

40  The  cylinder  2b  also  has  a  stopper  4  fitted 
inside  of  it.  The  stopper  4  consists  of  a  stopper 
release  knob  4a,  a  stopper  nail  4b,  and  a  stopper 
spring  4c.  The  stopper  release  knob  4a  protrudes 
from  a  hole  in  the  moveable  cylinder  2b  and  a  hole 

45  3b2  in  the  outside  portion  3b.  The  hole  3b2  is 
bored  at  one  end  of  the  outside  portion  3b  of  the 
bone  conduction  microphone  3.  The  stopper  4  is 
preferably  made  of  flexible  plastic.  When  the  stop- 
per  release  knob  4a  is  pushed,  the  stopper  nail  4b 

50  is  lowered  due  to  the  flexible  nature  of  the  stopper 
spring  4c.  When  the  stopper  nail  4b  is  lowered,  it  is 
released  from  cylinder  edge  portion  2b2.  Upon 
release  of  the  stopper  nail  4b,  the  moveable  cyl- 
inder  2b  is  released  and  is  pushed  along  bore  3b1 

55  by  spring  S.  Ear  pad  2a  is  therefore  moved  in  the 
direction  of  the  arrow  shown  in  Fig.  6. 

In  order  to  fit  the  bone  conduction  microphone 
3,  the  user  inserts  the  bone  conduction  microphone 

3 
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3  into  his  or  her  ear  canal  and  pushes  the  stopper 
release  knob  4a.  As  a  result,  the  ear  pad  2a  is 
pushed  by  the  spring  S  toward  and  abutting  with 
the  pinna  of  the  user.  Since  the  pinna  is  pushed 
back  by  the  ear  pad  2a,  the  resilient  force  of  the 
pinna  causes  the  inside  portion  3a  of  the  bone 
conduction  microphone  3  to  contact  the  wall  of  the 
ear  canal  A  in  the  position  R,  as  explained  with 
respect  to  the  first  preferred  embodiment  of  the 
present  invention  shown  in  Fig.  1. 

Fig.  7  is  an  orthogonal  view  of  a  third  preferred 
embodiment  of  the  bone  conduction  microphone  of 
the  present  invention.  The  bone  conduction  micro- 
phone  6  is  shown  having  a  configuration  that  facili- 
tates  insertion  into  the  ear  canal.  The  inside  portion 
6a  has  a  conical  frustum  shape  for  fitting  into  an 
ear  canal  and  has  a  vibration  sensor  located  there- 
in.  Inside  portion  6a  is  attached  to  outside  portion 
6b  which  when  in  use  contacts  the  separate  pinna 
piece  5.  In  the  third  preferred  embodiment  of  the 
present  invention  shown  in  Fig.  7,  the  pinna  piece 
5  is  of  separate  construction.  The  pinna  piece  5  is 
attached  at  the  rim  of  the  pinna  of  the  ear  and 
preferably  consists  of  a  rim  holder  5a,  a  center 
piece  5b,  a  spring  5c,  an  arm  5d  and  a  stopper  5e. 

Fig.  8  is  a  detailed  view  of  the  pinna  piece 
taken  along  a  plane  defined  by  A-A  and  A'  -A'  of 
Fig.  7.  As  shown  in  Fig.  8,  the  rim  holder  5a  and 
the  center  piece  together  preferably  have  a  mecha- 
nism  similar  to  that  of  a  non-pierced  earring  at- 
tached  to  an  ear  lobe.  Accordingly,  the  rim  holder 
5a  and  the  center  piece  5b  close  by  being  pushed 
together  and  hold  a  rim  of  the  pinna  between  them. 
The  user  unfastens  pinna  piece  5  from  the  rim  of 
the  pinna  by  prying  open  rim  holder  5a  from  center 
piece  5b. 

On  the  opposite  side  of  the  center  piece  5b 
from  the  rim  holder  5a,  there  is  situated  a  stopper 
5e.  Stopper  5e  is  preferably  made  of  rubber  and 
holds  an  arm  5d.  The  arm  5d  is  also  attached  to 
the  spring  5c.  The  spring  5c  includes  a  spring 
mechanism  which,  as  a  result  of  its  resiliency  tends 
to  open  the  arm  5d  when  it  is  not  restricted  by  the 
stopper  5e.  When  the  user  attaches  the  rim  piece 
5a  and  the  center  piece  5b  to  the  pinna,  the 
stopper  5e  holds  the  arm  5d  in  place.  After  the 
pinna  piece  5  is  attached  to  the  rim  of  the  pinna, 
the  arm  5d  is  released  by  bending  the  stopper  5e. 
The  release  of  arm  5d  causes  the  front  portion  6a 
of  the  bone  conduction  microphone  6  to  be  prop- 
erly  situated  in  the  ear  canal  against  the  rear  por- 
tion  of  the  ear  canal  A  adjacent  bone  mass  C. 

Fig.  9  is  a  frontal  view  of  the  third  embodiment 
taken  along  the  plane  defined  by  B-B,  B'-B'  of  Fig. 
7.  Fig.  9  shows  spring  5c  which  extends  along  arm 
5d.  The  spring  5c  urges  the  arm  5d,  which  is 
attached  to  the  bone  conduction  microphone  6, 
when  the  stopper  5e  is  bent. 

Fig.  10  is  a  cross  sectional  view  of  a  head  of  a 
person  showing  the  third  embodiment  of  Fig.  7 
inserted  in  the  ear  canal  A.  In  order  to  fit  the  bone 
conduction  microphone  6  into  ear  canal  A,  the  user 

5  inserts  the  inside  portion  6a  into  ear  canal  A  and 
attaches  the  separate  pinna  piece  5  to  the  rim  of 
the  pinna  B  with  the  arm  5d  held  by  the  stopper 
5e.  By  bending  the  stopper  5e,  arm  5d  is  released 
and  pushes  the  outside  portion  6b  of  the  bone 

io  conduction  microphone  6  toward  the  front  part  of 
the  user's  face.  As  a  result,  the  bone  conduction 
microphone  6  is  forced  by  the  reflexive  force  of  the 
pinna  B  to  pivot  at  the  entrance  E  of  the  ear  canal 
A.  The  inside  portion  6a  of  the  bone  conduction 

is  microphone  6  is  thus  pushed  into  position  R,  to 
abut  against  the  ear  canal  A  near  bone  mass  C,  as 
described  with  respect  to  the  first  preferred  em- 
bodiment  of  the  present  invention  shown  in  Fig.  1. 

Other  embodiments  of  the  invention  will  be 
20  apparent  to  those  skilled  in  the  art  from  consider- 

ation  of  the  specification  and  practice  of  the  inven- 
tion  disclosed  herein.  It  is  intended  that  the  speci- 
fication  and  examples  be  considered  as  exemplary 
only,  with  the  true  scope  and  spirit  of  the  invention 

25  being  indicated  by  the  following  claims. 

Claims 

1.  A  bone  conduction  microphone,  for  use  in  an 
30  ear,  comprising: 

an  inside  portion,  with  a  vibration  sensor 
located  therein,  for  insertion  in  the  ear  canal; 
and 

an  outside  portion,  attached  to  the  inside 
35  portion,  including  means,  adapted  to  abut  the 

pinna  of  the  ear,  for  resiliently  pushing  the 
inside  portion  against  a  wall  of  the  ear  canal 
nearest  the  back  of  the  head  when  inserted  in 
the  ear. 

40 
2.  The  bone  conduction  microphone  as  recited  in 

claim  1  ,  wherein  the  means  is  a  shaped  exten- 
sion  of  the  outside  portion. 

45  3.  The  bone  conduction  microphone  as  recited  in 
claim  1  ,  wherein  the  means  is  integral  with  the 
outside  portion  and  comprises: 

a  spring,  releasably  mounted  in  a  bore  in 
the  outside  portion;  and 

50  a  pad,  coupled  to  the  spring,  which  abuts 
and  exerts  a  force  against  the  pinna  when  the 
spring  is  released. 

4.  The  bone  conduction  microphone  as  recited  in 
55  claim  1,  wherein  the  means  is  separable  from 

the  outside  portion  and  comprises: 
an  arm,  separate  from  and  contacting  the 

outside  portion; 

4 
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a  spring,  attached  to  the  arm; 
a  pinna  fitting,  attached  to  the  spring,  for 

attaching  the  bone  conduction  microphone  to  a 
rim  of  the  pinna;  and 

a  release  mechanism,  releasably  attached  5 
to  the  arm,  which,  on  release  causes  the 
spring  to  push  the  arm. 

5.  The  bone  conduction  microphone  as  recited  in 
claim  4,  wherein  the  pinna  fitting  comprised  a  10 
rim  holder  and  a  center  piece  which  releasably 
attach  to  the  rim  of  the  pinna. 
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