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@  Improvements  relating  to  noise  reduction  arrangements. 
©  An  active  noise  reduction  arrangement  which  comprises 
at  least  one  ear  defender  or  earphone  structure  which 
embodies  a  small  noise  pick-up  microphone  and  associated 
noise-cancelling  transducer,  in  which  a  front  cavity  defined 
between  the  structure  and  the  ear  of  its  wearer  when  the 
arrangement  is  in  use  is  coupled  to  a  further  cavity  and/or 
source  of  low  frequency  noise-cancellation  signals  by  means 
of  low-pass  acoustic  filter  means. 
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T h i s   i n v e n t i o n   r e l a t e s   to  a r r a n g e m e n t s   f o r   r e d u c i n g   t h e  

l e v e l   of  a c o u s t i c   n o i s e   f i e l d s   w i t h i n   t he   i n t e r n a l   c a v i t i e s   o r  

e n c l o s u r e s   of  s o - c a l l e d   e a r   d e f e n d e r s   or  e a r p h o n e   s t r u c t u r e s  

when  b e i n g   worn  by  p e r s o n n e l   ( e . g .   p i l o t s ,   v e h i c l e   d r i v e r s ,  

i n d u s t r i a l   w o r k e r s   e t c . )   in  h i g h   n o i s e   e n v i r o n m e n t s .  

Known  a c t i v e   n o i s e   r e d u c t i o n   (ANR)  a r r a n g e m e n t s   f o r  

r e d u c i n g   the   a f o r e s a i d   a c o u s t i c   n o i s e   f i e l d   in  e a r   d e f e n d e r s  

c o m p r i s e   s m a l l   n o i s e   p i c k - u p   m i c r o p h o n e s   and  n o i s e   c a n c e l l i n g  

t r a n s d u c e r s   m o u n t e d   w i t h i n   t he   i n n e r   c a v i t i e s   or  e n c l o s u r e s   o f  

the   r e s p e c t i v e   e a r   d e f e n d e r s .   The  n o i s e   p i c k - u p   m i c r o p h o n e s  

p r o d u c e   e l e c t r i c a l   s i g n a l   o u t p u t s   in  r e s p o n s e   to  the   n o i s e  

f i e l d s   w i t h i n   t he   a f o r e s a i d   c a v i t i e s   and  t h e s e   s i g n a l   o u t p u t s  

a r e   u t i l i s e d   in  a  f e e d b a c k   l o o p   a r r a n g e m e n t   f o r   the   p r o d u c t i o n  

of  n o i s e - c a n c e l l i n g   s i g n a l s   fed  to  the   n o i s e - c a n c e l l i n g  

t r a n s d u c e r s   w h i c h   a c c o r d i n g l y   p r o d u c e   n o i s e - c a n c e l l i n g   a c o u s t i c  

s i g n a l s   of  s u b s t a n t i a l l y   the   same  a m p l i t u d e   bu t   of  o p p o s i t e  

p h a s e   to  the   a c o u s t i c   n o i s e   f i e l d   w a v e f o r m .   H o w e v e r ,   t h i s  

f e e d b a c k   a r r a n g e m e n t   w i l l   o n l y   f u n c t i o n   e f f e c t i v e l y   i f   l i n e a r  

o p e r a t i o n   of  t he   t r a n s d u c e r s   p r o d u c i n g   the   n o i s e - c a n c e l l i n g  

a c o u s t i c   s i g n a l   w a v e f o r m s   is  m a i n t a i n e d   t h r o u g h o u t   o p e r a t i o n   o f  

the   a r r a n g e m e n t .   M o r e o v e r ,   f o r   p r a c t i c a l   r e a s o n s ,   t h e  



t r a n s d u c e r s   m u s t   a l s o   be  of  s m a l l   and  l i g h t w e i g h t   c o n s t r u c t i o n ,  

m o v i n g   c o i l   t r a n s d u c e r s   t y p i c a l l y   b e i n g   used   a t   p r e s e n t   f o r  

such   a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t s .  

The  maximum  l i n e a r   sound  o u t p u t   t h a t   can  be  p r o d u c e d   b y  

t h e s e   s m a l l   t r a n s d u c e r s   fo r   n o i s e - c a n c e l l a t i o n   p u r p o s e s   i s  

n e c e s s a r i l y   l i m i t e d   by  such  m a t t e r s   as  the   mov ing   s u r f a c e   a r e a  

of  t he   t r a n s d u c e r   d i a p h r a g m ,   the   maximum  d e f l e c t i o n   of  t h e  

t r a n s d u c e r   d i a p h r a g m   b e f o r e   the   t r a n s d u c e r   b e c o m e s   n o n - l i n e a r  

and  the   p a r t i c u l a r   a c o u s t i c s   of  t h e   e a r   d e f e n d e r   c a v i t i e s   o r  

e n c l o s u r e s   in  wh ich   the   t r a n s d u c e r s   a r e   o p e r a t i n g .  

The  l e v e l s   of  n o i s e   o c c u r r i n g   in  some  e n v i r o n m e n t s   may  b e  

so  h i g h   t h a t   t he   s m a l l   n o i s e - c a n c e l l i n g   t r a n s d u c e r s   r e f e r r e d   t o  

c a n n o t   g e n e r a t e   s u f f i c i e n t l y   h i g h   l e v e l   n o i s e   c a n c e l l a t i o n  

s i g n a l s .   In  a t t e m p t i n g   to  c a n c e l   s u c h   h i g h   l e v e l   n o i s e   t h e  

t r a n s d u c e r s   may  be  o v e r d r i v e n   i n t o   n o n - l i n e a r   o p e r a t i o n   t h e r e b y  

r e s u l t i n g   in  a  s u b s t a n t i a l   d r o p   in  the   a c t i v e   n o i s e   r e d u c t i o n  

p r o d u c e d   by  t h e   ANR  a r r a n g e m e n t   and  a l s o   r e s u l t i n g   in  t h e  

g e n e r a t i o n   of  n o i s e   w i t h i n   t he   d e f e n d e r   c a v i t i e s   due  t o  

d i s t o r t i o n   in  the   n o i s e - c a n c e l l i n g   o u t p u t s   of  the   t r a n s d u c e r s  

when  o p e r a t i n g   n o n - l i n e a r l y .   The  n o i s e   g e n e r a t e d   by  t h e  

n o n - l i n e a r   o p e r a t i o n   of  the  t r a n s d u c e r s   w i l l   d e p e n d   upon  t h e  

form  of  t h e   n o n - l i n e a r i t y   but   in  g e n e r a l   w i l l   be  s p r e a d   a c r o s s  

the   e n t i r e   f r e q u e n c y   r a n g e   of  o p e r a t i o n   of  the   a r r a n g e m e n t .  

M o r e o v e r ,   u n d e r   v e r y   h igh   n o i s e   c o n d i t i o n s   t h e r e   is  t he   r i s k   o f  

t he   t r a n s d u c e r s   s u f f e r i n g   p e r m a n e n t   d a m a g e .   In  t he   c a s e   of  e a r  



d e f e n d e r s   or  e a r p h o n e   s t r u c t u r e s   wh ich   when  f i t t e d   o v e r   t h e  

e a r s   of  t he   w e a r e r   d e f i n e   f r o n t   c a v i t i e s   in  the   r e g i o n   of  t h e  

w e a r e r ' s   e a r s   and  w h i c h   embody  c o m p l i a n t   c u s h i o n s   f o r   t h e  

r e s i l i e n t   m o u n t i n g   of  t he   s t r u c t u r e s   on  t he   w e a r e r ' s   h e a d ,   v e r y  

l a r g e   a c o u s t i c   p r e s s u r e   l e v e l s   of  low  f r e q u e n c y   can  be  p r o d u c e d  

w i t h i n   t he   f r o n t   c a v i t i e s   due  to  v i b r a t o r y   m o v e m e n t   of  t h e  

e a r p h o n e   s t r u c t u r e s   r e l a t i v e   to  the   head   of  the   w e a r e r   a s  

p e r m i t t e d   by  the   c o m p l i a n t   c u s h i o n s .  

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  a c t i v e   n o i s e  

r e d u c t i o n   a r r a n g e m e n t s   of  the   g e n e r a l   form  h e r e i n b e f o r e  

d e s c r i b e d   bu t   wh ich   p r o v i d e   a d d i t i o n a l   means   f o r   the   a v o i d a n c e  

or   r e d u c t i o n   of  n o i s e   p r o d u c e d   w i t h i n   t he   a f o r e s a i d   f r o n t  

c a v i t i e s   of  e a r   d e f e n d e r s   or  e a r p h o n e   s t r u c t u r e s   due  t o  

v i b r a t o r y   m o v e m e n t   of   the   e a r p h o n e s   on  the   w e a r e r ' s   h e a d  

p e r m i t t e d   by  the   c o m p l i a n t   m a t e r i a l   a n d / o r   of  n o i s e   t h a t   w o u l d  

o t h e r w i s e   be  g e n e r a t e d   by  n o i s e - c a n c e l l i n g   t r a n s d u c e r s   when  

o v e r d r i v e n   i n t o   n o n - l i n e a r   mode  of  o p e r a t i o n   to  c o m b a t   h i g h  

l e v e l   n o i s e   in  h i g h   n o i s e   e n v i r o n m e n t s .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   is  p r o v i d e d   a n  

a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   c o m p r i s i n g   at  l e a s t   one  e a r  

d e f e n d e r   or  e a r p h o n e   s t r u c t u r e   wh ich   e m b o d i e s   a  s m a l l   n o i s e  

p i c k - u p   m i c r o p h o n e   and  a s s o c i a t e d  n o i s e - c a n c e l l i n g   t r a n s d u c e r ,  

in  w h i c h   a  f r o n t   c a v i t y   d e f i n e d   b e t w e e n   t he   s t r u c t u r e   and  t h e  

e a r   of   i t s   w e a r e r   when  the   a r r a n g e m e n t   is   in  use  is  c o u p l e d   t o  

a  f u r t h e r   c a v i t y   a n d / o r   a  s o u r c e   of  low  f r e q u e n c y   n o i s e -  



c a n c e l l a t i o n   s i g n a l s   by  means   of  l o w - p a s s   a c o u s t i c   f i l t e r  

m e a n s .  

The  a c o u s t i c   f i l t e r   means   p r e f e r a b l y   c o m p r i s e s   a  f l e x i b l e  

t u b e   o f   r e l a t i v e l y   s m a l l   c r o s s - s e c t i o n .  

A c c o r d i n g   to  one  mode  of  c a r r y i n g   ou t   the   p r e s e n t  

i n v e n t i o n ,   a  t u b u l a r   l o w - p a s s   f i l t e r   may  be  a r r a n g e d   t o  

t r a n s m i t   to  the   a f o r e s a i d   f r o n t   c a v i t y   low  f r e q u e n c y   n o i s e -  

c a n c e l l a t i o n   s i g n a l s   g e n e r a t e d   by  a  r e l a t i v e l y   l a r g e   t r a n s d u c e r  

in  r e s p o n s e   to  r e c e i v i n g   low  f r e q u e n c y   n o i s e   s i g n a l s   w h i c h   a r e  

p h a s e - i n v e r t e d   a f t e r   b e i n g   d e r i v e d   f rom  the  p i c k - u p   m i c r o p h o n e  

l o c a t e d   w i t h i n   s a i d   f r o n t   c a v i t y ,   t he   l a r g e   t r a n s d u c e r   b e i n g  

l o c a t e d   e x t e r n a l l y   of  t he   e a r p h o n e   s t r u c t u r e   so  as  no t   t o  

i n c r e a s e   t he   w e i g h t   or  s i z e   t h e r e o f .  

E l e c t r i c a l   s i g n a l s   d e r i v e d   f rom  the   p i c k - u p   m i c r o p h o n e   i n  

r e s p o n s e   to  n o i s e   may  be  fed  t h r o u g h   p h a s e   i n v e r t e r   means  a n d  

t h e n   t h r o u g h   h i g h   and  l o w - p a s s   f i l t e r s   r e s p e c t i v e l y   to  d e r i v e  

r e l a t i v e l y   h i g h   and  low  f r e q u e n c y   p h a s e   i n v e r t e d   s i g n a l s .  

T h e s e   s i g n a l s   a r e   t hen   fed  r e s p e c t i v e l y   to  the  a f o r e s a i d   n o i s e -  

c a n c e l l i n g   t r a n s d u c e r   w i t h i n   t he   e a r p h o n e   s t r u c t u r e   and  t h e  

r e l a t i v e l y   l a r g e   s e p a r a t e l y   l o c a t e d   t r a n s d u c e r   c o u p l e d   to  t h e  

f r o n t   e a r   c a v i t y   of  the   e a r p h o n e   s t r u c t u r e   by  the  t u b u l a r  

l o w - p a s s   f i l t e r .  

In  p r a c t i c e   such   an  a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t  

w i l l   n o r m a l l y   be  p r o v i d e d   in  r e s p e c t   of  each  e a r p i e c e   of  an  e a r  

d e f e n d e r   or   e a r p h o n e   s t r u c t u r e   when  the   i n v e n t i o n   is   c a r r i e d  



o u t   a c c o r d i n g   to  t h i s   m o d e .  

A c c o r d i n g   to  a n o t h e r   mode  of  c a r r y i n g   o u t   the   p r e s e n t  

i n v e n t i o n   a  t u b u l a r   l o w - p a s s   f i l t e r   s e r v e s   to  i n t e r c o n n e c t   t h e  

f r o n t   c a v i t y   of  t he   a f o r e s a i d   e a r   d e f e n d e r   or  e a r p h o n e  

s t r u c t u r e   of  t he   a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   w i t h   t h e  

c o r r e s p o n d i n g   f r o n t   c a v i t y   of  t he   e a r   d e f e n d e r   or  e a r p h o n e   o f  

an  a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   a s s o c i a t e d   w i t h   t h e  

u s e r ' s   o t h e r   e a r .   In  t h i s   mode  the   e f f e c t i v e   d o u b l i n g   of  t h e  

v o l u m e   of  t he   f r o n t   c a v i t y   of   e a c h   e a r   d e f e n d e r   or  e a r p h o n e  

s t r u c t u r e   s e r v e s   to  r e d u c e   ( i . e .   h a l v e )   the   p e a k   sound  p r e s s u r e  

l e v e l s   t h a t   may  o t h e r w i s e   be  d e v e l o p e d   in  t he   e a r p h o n e s   due  t o  

t h e   v i b r a t o r y   m o v e m e n t   of  t he   l a t t e r   p e r m i t t e d   by  the  c o m p l i a n t  

c u s h i o n s .  

The  t u b u l a r   low  f r e q u e n c y   p a s s   f i l t e r   may  p r o d u c e   s i m i l a r  

r e s u l t s   by  a l t e r n a t i v e l y   b e i n g   c o n n e c t e d   to  some  o t h e r   e x t e r n a l  

c a v i t y   of  a p p r o p r i a t e   v o l u m e .  

By  way  of  e x a m p l e   a  number   of  e m b o d i m e n t s   of  t h e  

p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s   in  w h i c h :  

F i g u r e   1  is  a  s c h e m a t i c   d i a g r a m   of  an  a c t i v e   n o i s e  

r e d u c t i o n   a r r a n g e m e n t   a c c o r d i n g   to  the  i n v e n t i o n ;   a n d ,  

F i g u r e   2  is  a  s c h e m a t i c   d i a g r a m   of  a  m o d i f i e d   a c t i v e  

n o i s e   r e d u c t i o n   a r r a n g e m e n t   a c c o r d i n g   to  the   i n v e n t i o n .  

R e f e r r i n g   to  F i g u r e   1,  t h i s   shows  one  c h a n n e l   a r r a n g e m e n t  

of  a  two  c h a n n e l   a c t i v e   n o i s e   r e d u c t i o n   s y s t e m   f o r   t h e  



c a n c e l l a t i o n   of  n o i s e   s i g n a l s   in  e a r p h o n e s .  

The  a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   i l l u s t r a t e d  

c o m p r i s e s   a  g e n e r a l l y   c u p - s h a p e d   e a r p h o n e   s t r u c t u r e   1,  a r r a n g e d  

to  e n c l o s e   t h e   u s e r ' s   e a r   2  as  s h o w n .   The  r im  3  of   t he   c u p  

s h a p e d   e a r p h o n e   i s  c u s h i o n e d   a g a i n s t   the   s i d e   of  the user' s  

head   4  by  m e a n s   of  a  c o m p l i a n t   r i n g   c u s h i o n   5.  The  e a r p h o n e  

s t r u c t u r e   1  i n c l u d e s   a  s m a l l   l i g h t w e i g h t   t r a n s d u c e r   6  ( e . g .  

mov ing   c o i l   t r a n s d u c e r )   and  a  s m a l l   p i c k - u p   m i c r o p h o n e   7 .  

E l e c t r i c a l   s i g n a l s   g e n e r a t e d   by  the   p i c k - u p   m i c r o p h o n e  7   i n  

r e s p o n s e   to   n o i s e   e n t e r i n g   the   t r u n c a t e d   g e n e r a l l y  

h e m i s p h e r i c a l   f r o n t   a i r   c a v i t y   8  t h r o u g h   the   w a l l  o f   t h e  

e a r p h o n e   s t r u c t u r e   1  a r e   i n v e r t e d   by  means  of  a  p h a s e   i n v e r t e r  

9,  a f t e r   w h i c h   t h e y   a re   f i l t e r e d   by  f i l t e r   10.  In  known  a c t i v e  

n o i s e   r e d u c t i o n   a r r a n g e m e n t s   the   f u l l   f r e q u e n c y   s p e c t r u m   o f  

p h a s e - i n v e r t e d   s i g n a l s   d e r i v e d   from  the   m i c r o p h o n e  7   would   t h e n  

be  fed  to  a  n o i s e - c a n c e l l i n g   t r a n s d u c e r ,   such   as  the   t r a n s d u c e r  

6  in  t h e   p r e s e n t   e m b o d i m e n t ,   wh ich   would  p r o d u c e   n o i s e  

c a n c e l l a t i o n   a c o u s t i c   s i g n a l s   f o r   r e d u c i n g   the  n o i s e   l e v e l s  

w i t h i n   t h e   f r o n t   e a r   c a v i t y   8.  As  has  a l r e a d y   been   e x p l a i n e d ,  

in  v e r y   h i g h   n o i s e   e n v i r o n m e n t s ,   the   n o i s e   c a n c e l l a t i o n   s i g n a l s  

fed  to  t h e   t r a n s d u c e r   6  c o u l d   w e l l   c a u s e   the   t r a n s d u c e r   to  be  

o v e r d r i v e n   i n t o   a  n o n - l i n e a r   mode  of  o p e r a t i o n   and  i t s e l f  

c a u s e d   to   g e n e r a t e   n o i s e   in  t he   o v e r d r i v e n   c o n d i t i o n .  

A d d i t i o n a l l y ,   v i b r a t o r y   m o v e m e n t   of  the   e a r p h o n e   s t r u c t u r e   1 



r e l a t i v e   to  t he   u s e r ' s   h e a d   4  p e r m i t t e d   by  the   c o m p l i a n t  

c u s h i o n   r i n g   5  a l s o   s e t s   up  low  f r e q u e n c y   n o i s e   p r e s s u r e   l e v e l s  

w i t h i n   t he   f r o n t   e a r   c a v i t y   8.  With   a  v i e w   to  o v e r c o m i n g   or  a t  

l e a s t   a l l e v i a t i n g   t h i s   p r o b l e m   a r i s i n g   f rom  the   g e n e r a t i o n   o f  

s u c h   low  f r e q u e n c y   n o i s e   w i t h i n   the   f r o n t   c a v i t y   8,  t h e  

i l l u s t r a t e d   e m b o d i m e n t   o f  t h e   p r e s e n t   i n v e n t i o n   i n t r o d u c e s  

r e l a t i v e l y   h i g h   f r e q u e n c y   and  low  f r e q u e n c y   p a s s   f i l t e r s   11  a n d  

12,  r e s p e c t i v e l y ,   in  p a r a l l e l   b r a n c h e s   of  t he   o u t p u t   c i r c u i t   o f  

t h e   f i l t e r   10.  The  h i g h   f r e q u e n c y   n o i s e - c a n c e l l i n g   s i g n a l  

o u t p u t   f rom  f i l t e r   11  i s   fed  to  the  t r a n s d u c e r   6  w h i c h  

a c c o r d i n g l y   p r o d u c e s   r e l a t i v e l y   h igh   f r e q u e n c y   n o i s e - c a n c e l l i n g  

s i g n a l s   w i t h i n   t he   f r o n t   c a v i t y   8.  The  r e l a t i v e l y   l o w  

f r e q u e n c y   n o i s e - c a n c e l l a t i o n   o u t p u t   s i g n a l s   f rom  the   f i l t e r   12  

a r e   fed   to  a  r e l a t i v e l y   l a r g e   t r a n s d u c e r   ( e . g .   mov ing   c o i l )   1 3 .  

T h i s   r e l a t i v e l y   l a r g e   t r a n s d u c e r   13  w h i c h   is   e n t i r e l y   s e p a r a t e  

f rom  the   e a r p h o n e   s t r u c t u r e   1  and  w h i c h   may  be  l o c a t e d   r e m o t e l y  

t h e r e f r o m ,   p r o d u c e s   low  f r e q u e n c y   a c o u s t i c   s i g n a l s   wh ich   a r e  

t r a n s m i t t e d   to  t he   f r o n t   ea r   c a v i t y   8  of  t h e   e a r p h o n e   by  m e a n s  

of  a  f l e x i b l e   t u b e   14  wh ich   a c t s   as  a  l o w - p a s s   f i l t e r .   T h e  

f l e x i b l e   t ube   14  w h i c h   d e f i n e s   a  r e l a t i v e l y   low  f r e q u e n c y  

a c o u s t i c   t r a n s m i s s i o n   l i n e   h a v i n g   a  c u t - o f f   f r e q u e n c y  

d e t e r m i n e d   by  t he   i n t e r n a l   d i a m e t e r   of  the   t u b e   14  and  the  t u b e  

l e n g t h   a l l o w s   t h e   use   of  an  e x t e r n a l   l a r g e r   n o i s e - c a n c e l l i n g  

t r a n s d u c e r   t h a n   w o u l d   n o r m a l l y   be  p o s s i b l e   w i t h i n   the  e a r p h o n e .  

The  r e l a t i v e l y   l a r g e   t r a n s d u c e r   13  can  p r o d u c e   a  much  l a r g e r  



l e v e l   of  sound   o u t p u t   b e f o r e   b e i n g   o v e r d r i v e n   i n t o  

n o n - l i n e a r i t y   w i t h   t he   a f o r e s a i d   d i s a d v a n t a g e s .   A l t h o u g h   t h e  

t u b e   14  i n t r o d u c e s   a  c o n s t a n t   t ime  d e l a y   b e t w e e n   the   o u t p u t  

f rom  t he   t r a n s d u c e r   13  and  the   u s e r ' s   e a r   2,  o n l y   a  s m a l l  p h a s e  

d i f f e r e n c e   is  p r o d u c e d   due  to  the   low  f r e q u e n c y   and  l o n g  

w a v e l e n g t h   of  t he   s i g n a l s   c o n c e r n e d .   The  r e l a t i v e l y   l a r g e  

t r a n s d u c e r   13  may  f o r   e x a m p l e   be  m o u n t e d   in  t he   u s e r ' s   s e a t ,   a s  

may  a l s o   the   o t h e r   e l e c t r o n i c s   e q u i p m e n t   a p a r t   f rom  t h e  

e a r p h o n e   i t s e l f ,   in  t h o s e   a p p l i c a t i o n s   w h e r e   t he   u s e r   ( e . g .  

p i l o t ,   v e h i c l e   d r i v e r   e t c . )   w i l l   n o r m a l l y   be  s i t t i n g   w h e n  

c a r r y i n g   o u t   h i s   p a r t i c u l a r   f u n c t i o n s .   In  c a s e s   where   the   u s e r  

n e e d s   to  be  m o b i l e   t he   t r a n s d u c e r   13  may  form  p a r t   of  a -  

p o r t a b l e   e l e c t r o n i c s   pack   or  h a r n e s s .  

R e f e r r i n g   now  to  F i g u r e   2  of  the   d r a w i n g s ,   t h i s   shows  a n  

a l t e r n a t i v e   a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   w h i c h  

e f f e c t i v e l y   r e d u c e s   t he   sound   p r e s s u r e   l e v e l s   w h i c h   a r e  

p r o d u c e d   by  v i b r a t o r y   m o v e m e n t s   of  t he   e a r p h o n e   s t r u c t u r e s   1 

on  t h e   u s e r ' s   h e a d ,   such   m o v e m e n t s   b e i n g   p e r m i t t e d   by  t h e  

c o m p l i a n t   r i n g   c u s h i o n s   5.  As  in  the   c a s e   of  t he   F i g u r e   1 

e m b o d i m e n t   the   e a r p h o n e   s t r u c t u r e s   1  i n c l u d e   s m a l l   m i c r o p h o n e s  

7,  t h e   o u t p u t s   f rom  wh ich   a r e   p h a s e - i n v e r t e d   and  f i l t e r e d   b y  

t he   i n v e r t e r s   9  and  f i l t e r s   10.  In  t h i s   e m b o d i m e n t   the  e n t i r e  

o u t p u t   f rom  the   f i l t e r   10  is  a p p l i e d   to  t he   t r a n s d u c e r   6  f o r  

t he   g e n e r a t i o n   of  n o i s e - c a n c e l l i n g   s i g n a l s .   For  the  p u r p o s e   o f  

i n c r e a s i n g   the   e f f e c t i v e   v o l u m e   of  f r o n t   c a v i t y   8  of  e a c h  



e a r p h o n e ,   t h e r e b y   r e d u c i n g   the   peak  sound   p r e s s u r e   l e v e l s  

d e v e l o p e d   by  a  g i v e n   e a r p h o n e   v i b r a t o r y   m o v e m e n t ,   the   t w o  

e a r p h o n e   f r o n t   c a v i t i e s   8  a re   i n t e r c o n n e c t e d   by  means   of  a  

f l e x i b l e   t ube   15  h a v i n g   a  s m a l l  i n t e r n a l   d i a m e t e r   so  t h a t   t h e  

t u b e   a c t s   as  a  l o w - p a s s   f i l t e r   bu t   i s o l a t e s   the   two  e a r p h o n e  

f r o n t   c a v i t i e s   8  a t   h i g h   f r e q u e n c i e s .   For   a  t y p i c a l  

c i r c u m a u r a l   e a r p h o n e   s t r u c t u r e   as  shown  ( i . e .   e a r p h o n e  

s t r u c t u r e   e n c l o s e s   t he   e a r )   most   of  the   s o u n d   e n e r g y   is  in  t h e  

5 - 1 0   Hz  b a n d .   At  t h e s e   low  f r e q u e n c i e s   t he   p r e s e n c e   of  t h e  

f l e x i b l e   t ube   15  g i v e s   t he   f r o n t   c a v i t y   8  of  the   e a r p h o n e   a n  

a p p a r e n t   d o u b l i n g   of   v o l u m e   so  t h a t   f o r   r e l a t i v e   movement   o f  

j u s t   one  e a r p h o n e   the   p e a k   sound   p r e s s u r e   l e v e l s   d e v e l o p e d   b y  

t h e   e a r p h o n e   c o n c e r n e d   w i l l   be  h a l v e d .  

I t   may  h e r e   be  m e n t i o n e d  t h a t   t he   f l e x i b l e   t u b e   15  n e e d  

n o t   i n t e r c o n n e c t   t he   two  e a r p h o n e   f r o n t   c a v i t i e s   8.  Two  s u c h  

t u b e s   c o u l d   a l t e r n a t i v e l y   c o u p l e   the  r e s p e c t i v e   e a r p h o n e   f r o n t  

c a v i t i e s   8  to  any  c o n v e n i e n t   e x t e r n a l   e n c l o s e d   v o l u m e s   in  o r d e r  

to  i n c r e a s e   the   e f f e c t i v e   f r o n t   c a v i t y   v o l u m e s   of  the  e a r p h o n e s  

a t   low  f r e q u e n c y .  

In  y e t   a n o t h e r   e m b o d i m e n t   of  the   i n v e n t i o n   the   e a r p h o n e  

f r o n t   c a v i t i e s   may  be  i n t e r c o n n e c t e d   by  means   of  a  f l e x i b l e  

t u b e   as  shown  in  F i g u r e   2  and  t hen   one  or  b o t h   of  the  f r o n t  

c a v i t i e s   8  j o i n e d   to  an  e x t e r n a l   low  f r e q u e n c y   t r a n s d u c e r   o r  

t r a n s d u c e r s .   If   t he   f l e x i b l e   t ube   j o i n i n g   the   two  f r o n t  

c a v i t i e s   8  were   of  s u f f i c i e n t   i n t e r n a l   d i a m e t e r   t h e n   at  l o w  



f r e q u e n c i e s   t he   e a r p h o n e   f r o n t   c a v i t i e s   c o u l d   be  t r e a t e d   as  a  

s i n g l e   c a v i t y   and  a  s i n g l e   r e m o t e   t r a n s d u c e r   c o u l d   be  used   t o  

p r o v i d e   low  f r e q u e n c y   n o i s e   r e d u c t i o n .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   has   been   d e s c r i b e d   w i t h  

p a r t i c u l a r   r e f e r e n c e   to  e a r p h o n e s   e n c l o s i n g   the   u s e r ' s   e a r  

( c i r c u m a u r a l   t y p e )   i t   c o u l d   a l s o   be  a p p l i e d   to  e a r p h o n e s   w h i c h  

a c t u a l l y   s i t   on  the   u s e r ' s   e a r   ( s u p e r - a u r a l   t y p e )   and  a l s o   t o  

s t r u c t u r e s   i n s e r t e d   in  the  e a r   c a n a l   i t s e l f .  



1.  An  a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   c o m p r i s i n g   a t  

l e a s t   one   e a r   d e f e n d e r   or  e a r p h o n e   s t r u c t u r e   wh ich   e m b o d i e s  

a  s m a l l   n o i s e   p i c k - u p   m i c r o p h o n e   and  a s s o c i a t e d  

n o i s e - c a n c e l l i n g   t r a n s d u c e r ,   in  w h i c h   a  f r o n t   c a v i t y  

d e f i n e d   b e t w e e n   the   s t r u c t u r e   and  the   e a r   of  i t s   w e a r e r  

when  t h e   a r r a n g e m e n t   is  in  use  is   c o u p l e d   to  a  f u r t h e r  

c a v i t y   a n d / o r   a  s o u r c e   of  low  f r e q u e n c y   n o i s e - c a n c e l l a t i o n  

s i g n a l s   by  means   of  l o w - p a s s   a c o u s t i c   f i l t e r   m e a n s .  

2.  An  a c o u s t i c   n o i s e   r e d u c t i o n   a r r a n g e m e n t   as  c l a i m e d   i n  

c l a i m   1,  in  w h i c h   the   a c o u s t i c   f i l t e r   means   c o m p r i s e s   a  

f l e x i b l e   t u b e   of  r e l a t i v e l y   s m a l l   c r o s s - s e c t i o n .  

3.  An  a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   as  c l a i m e d   i n  

c l a i m   2,  in  w h i c h   the   t u b u l a r   l o w - p a s s   f i l t e r   is  a r r a n g e d  

to  t r a s m i t   to  t he   f r o n t   c a v i t y   low  f r e q u e n c y  

n o i s e - c a n c e l l a t i o n   s i g n a l s   g e n e r a t e d   by  a  r e l a t i v e l y   l a r g e  

t r a n s d u c e r   in  r e s p o n s e   to  r e c e i v i n g   low  f r e q u e n c y   n o i s e  

s i g n a l s   w h i c h   a r e   p h a s e   i n v e r t e d   a f t e r   b e i n g   d e r i v e d   f r o m  

the   p i c k - u p   m i c r o p h o n e  l o c a t e d   w i t h i n   s a i d   f r o n t   c a v i t y ,  

t h e   l a r g e   t r a n s d u c e r   b e i n g   l o c a t e d   e x t e r n a l l y   of  t h e  

e a r p h o n e   s t r u c t u r e   so  as  no t   to  i n c r e a s e   the   w e i g h t   or  s i z e  



t h e r e o f .  

4.  An  a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   as  c l a i m e d   i n  

c l a i m   3,  in  w h i c h   e l e c t r i c a l   s i g n a l s   d e r i v e d   f rom  t h e  

p i c k - u p   m i c r o p h o n e   in  r e s p o n s e   to  n o i s e   a r e   fed  t h r o u g h  

p h a s e   i n v e r t e r   m e a n s   and  t h e n   t h r o u g h   h i g h   and  l o w - p a s s  

f i l t e r s ,   r e s p e c t i v e l y ,   to  d e r i v e   r e l a t i v e l y   h i g h   and  l o w  

f r e q u e n c y   p h a s e   i n v e r t e d   s i g n a l s ,   t h e s e  s i g n a l s   b e i n g   f e d  

r e s p e c t i v e l y   to  t h e   n o i s e - c a n c e l l i n g   t r a n s d u c e r   w i t h i n   t h e  

e a r p h o n e   s t r u c t u r e   and  t he   r e l a t i v e l y   l a r g e   s e p a r a t e l y  

l o c a t e d   t r a n s d u c e r   c o u p l e d   to  the  f r o n t   e a r   c a v i t y   of  t h e  

e a r p h o n e   s t r u c t u r e   by  t he   t u b u l a r   l o w - p a s s   f i l t e r .  

5.  An  a c t i v e   n o i s e   r e d u c t i o n   a r r a n g e m e n t   as  c l a i m e d   i n  

c l a i m   2,  in  w h i c h   t h e   t u b u l a r   l o w - p a s s   f i l t e r   i n t e r c o n n e c t s  

t he   f r o n t   c a v i t y   of  t h e   s a i d   e a r   d e f e n d e r   or  e a r p h o n e  

s t r u c t u r e   w i t h   a  c o r r e s p o n d i n g   f r o n t   c a v i t y   of  an  e a r  

d e f e n d e r   or  e a r p h o n e   of  an  a c t i v e   n o i s e   r e d u c t i o n  

a r r a n g e m e n t   a s s o c i a t e d   w i t h   the   w e a r e r ' s   o t h e r   e a r .  
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