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ELECTROACOUSTICS – SIMULATORS OF HUMAN HEAD AND EAR – 

 
Part  7:  Head  and  torso simulator for the  measurement of  

ai r-conduction  hearing  aids  
 

FORE W ORD  

1 )  Th e  I n te rn ati o n al  E l e ct ro t e ch n i c al  C o m m i s s i o n  ( I E C )  i s  a  wo rl d wi d e  o rg a n i z ati o n  fo r  s t an d a rd i z at i o n  co m p ri s i n g  
al l  n ati o n al  e l e c tro t e ch n i c al  co m m i t te e s  ( I E C  N at i o n al  C o m m i tt e e s ) .  Th e  o b j e c t  o f  I E C  i s  t o  pro m o te  
i n te rn ati o n a l  co - o p e rat i o n  o n  a l l  q u e s t i o n s  co n c e rn i n g  s t a n d a rd i z at i o n  i n  t h e  e l e ct ri c al  an d  e l e c tro n i c  f i e l d s .  T o  
t h i s  e n d  an d  i n  a d d i t i o n  to  o t h e r  acti vi t i e s ,  I E C  p u bl i s h e s  I n te rn ati o n al  S t an d a rd s ,  T e ch n i cal  S p e c i f i c at i o n s ,  
Te ch n i c al  R e po rts ,  P u bl i c l y  Avai l abl e  S p e c i f i c at i o n s  ( P A S )  an d  G u i d e s  ( h e re aft e r re fe rre d  t o  as  " I E C  
P u b l i cati o n ( s ) " ) .  T h e i r  p re p a rat i o n  i s  e n t ru s te d  to  t e c h n i cal  c o m m i tt e e s ;  an y I E C  N ati o n al  C o m m i t te e  i n t e re s t e d  
i n  th e  s u bj e c t  d e al t  wi t h  m ay p art i ci p at e  i n  t h i s  p re p arat o ry wo rk.  I n t e rn ati o n al ,  g o ve rn m e n t al  an d  n o n -
g o ve rn m e n t al  o rg an i z ati o n s  l i a i s i n g  wi th  th e  I E C  al s o  pa rt i c i pate  i n  th i s  p re p arat i o n .  I E C  co l l a bo rate s  cl o s e l y  
wi t h  th e  I n te rn at i o n al  O rg a n i z ati o n  fo r  S t an d ard i z ati o n  ( I S O )  i n  ac co rd a n ce  wi th  c o n d i t i o n s  d e t e rm i n e d  b y 
ag re e m e n t  be t we e n  th e  t wo  o rg an i z ati o n s .  

2 )  Th e  fo rm al  d e c i s i o n s  o r  ag re e m e n ts  o f  I E C  o n  t e c h n i cal  m at te rs  e xp re s s ,  as  n e a rl y  as  p o s s i b l e ,  a n  i n t e rn at i o n a l  
c o n s e n s u s  o f  o pi n i o n  o n  th e  re l e van t  s u b j e c ts  s i n ce  e ac h  te ch n i c al  co m m i t te e  h as  re pre s e n t at i o n  fro m  al l  
i n te re s te d  I E C  N ati o n al  C o m m i t te e s .   

3 )  I E C  P u bl i c ati o n s  h a ve  th e  fo rm  o f  re c o m m e n d ati o n s  fo r i n t e rn ati o n al  u s e  an d  a re  ac ce pt e d  by  I E C  N ati o n al  
C o m m i tt e e s  i n  th at  s e n s e .  W h i l e  al l  re as o n a b l e  e ff o rt s  are  m ad e  t o  e n s u re  th at  t h e  t e ch n i cal  co n t e n t  o f  I E C  
P u b l i cati o n s  i s  acc u rate ,  I E C  c an n o t  b e  h e l d  re s p o n s i b l e  fo r  th e  wa y i n  wh i ch  t h e y  a re  u s e d  o r fo r  an y  
m i s i n t e rp re t at i o n  by an y e n d  u s e r.  

4)  I n  o rd e r t o  pro m o te  i n te rn at i o n al  u n i fo rm i ty,  I E C  N ati o n al  C o m m i tte e s  u n d e rtake  t o  ap p l y I E C  P u b l i cati o n s  
t ran s p are n t l y  to  t h e  m a xi m u m  e xt e n t  p o s s i bl e  i n  th e i r  n a t i o n al  an d  re g i o n al  p u b l i cati o n s .  An y d i ve rg e n c e  
b e t we e n  an y I E C  P u b l i cati o n  a n d  t h e  co rre s po n d i n g  n ati o n al  o r  re g i o n al  p u bl i c at i o n  s h al l  b e  c l e arl y i n d i cate d  i n  
t h e  l att e r.  

5 )  I E C  i t s e l f  d o e s  n o t  p ro vi d e  an y att e s tati o n  o f  co n fo rm i ty.  I n d e p e n d e n t  c e rt i f i cati o n  b o d i e s  pro vi d e  co n fo rm i t y  
as s e s s m e n t  s e rvi c e s  a n d ,  i n  s o m e  are as ,  acce s s  to  I E C  m arks  o f  c o n fo rm i ty.  I E C  i s  n o t  re s p o n s i b l e  fo r  an y 
s e rvi c e s  carri e d  o u t  b y i n d e p e n d e n t  c e rt i f i cati o n  b o d i e s .  

6 )  Al l  u s e rs  s h o u l d  e n s u re  th at  t h e y h ave  t h e  l at e s t  e d i t i o n  o f  t h i s  pu bl i cati o n .  

7)  N o  l i a b i l i t y  s h al l  at t ac h  t o  I E C  o r i t s  d i re cto rs ,  e m p l o y e e s ,  s e rvan t s  o r  ag e n t s  i n c l u d i n g  i n d i vi d u al  e xpe rt s  an d  
m em be rs  o f  i t s  t e c h n i cal  co m m i tt e e s  an d  I E C  N at i o n al  C o m m i t te e s  fo r  a n y p e rs o n al  i n j u ry,  pro pe rt y  d am ag e  o r 
o th e r d am ag e  o f  a n y n at u re  wh ats o e ve r,  wh e t h e r d i re c t  o r  i n d i re ct,  o r fo r co s ts  ( i n c l u d i n g  l e g al  fe e s )  an d  
e xp e n s e s  ari s i n g  o u t  o f  t h e  pu b l i cati o n ,  u s e  o f,  o r  re l i an c e  u po n ,  th i s  I E C  P u b l i cati o n  o r  a n y o th e r I E C  
P u b l i cati o n s .   

8 )  Att e n ti o n  i s  d ra wn  to  th e  N o rm ati ve  re f e re n ce s  ci t e d  i n  t h i s  p u bl i cat i o n .  U s e  o f  th e  re f e re n ce d  p u b l i cati o n s  i s  
i n d i s p e n s a bl e  fo r th e  co rre c t  ap pl i c at i o n  o f  t h i s  p u b l i c at i o n .  

9 )  Att e n ti o n  i s  d ra wn  to  th e  p o s s i b i l i t y  th at  s o m e  o f  th e  e l e m e n ts  o f  th i s  I E C  P u b l i cati o n  m ay be  th e  s u bj e ct  o f  
p at e n t  ri g h t s .  I E C  s h al l  n o t  be  h e l d  re s p o n s i b l e  fo r  i d e n ti fyi n g  an y o r  a l l  s u ch  pat e n t  ri g h t s .  

Th e  m ai n  tas k o f  I E C  te c h n i c al  co m m i tte e s  i s  to  pre p are  I n te rn ati o n al  S tan d ard s .  I n  
e xce p ti o n al  c i rc u m s tan ce s ,  a  te ch n i cal  co m m i tte e  m ay pro p o s e  th e  p u b l i c ati o n  o f  a  te c h n i cal  
s pe c i f i cati o n  wh e n  

•  th e  re q u i re d  s u pp o rt  c an n o t  b e  o btai n e d  fo r  th e  pu b l i cati o n  o f  an  I n te rn ati o n al  S tan d ard ,  
d e s p i te  re p e ate d  e ffo rts ,  o r  

•  th e  s u bj e c t  i s  s t i l l  u n d e r te ch n i cal  d e ve l o pm e n t o r  wh e re ,  f o r  an y o th e r re as o n ,  th e re  i s  th e  
fu tu re  b u t  n o  i m m e d i ate  po s s i b i l i t y o f  an  ag re e m e n t  o n  an  I n te rn ati o n al  Stan d ard .  

Te ch n i c al  s pe ci fi c ati o n s  are  s u bj e ct  to  re vi e w wi th i n  th re e  ye ars  o f  p u b l i c ati o n  to  d e c i d e  
wh e th e r th e y can  b e  tran s fo rm e d  i n to  I n te rn ati o n al  S tan d ard s .   

I E C  TS 6 0 3 1 8 - 7,  wh i c h  i s  a  Te ch n i c al  S pe ci f i c ati o n ,  h as  b e e n  pre p are d  b y I E C  te ch n i c al  
co m m i tte e  2 9 :  E l e ctro aco u s ti cs .  



I E C  6 0 3 1 8 - 7: 2 0 1 7   I E C  2 0 1 7  – 5  – 

Th i s  p u b l i c ati o n  c o n tai n s  attac h e d  f i l e s  i n  th e  fo rm  o f  3 D  P D F f i l e s .  Th e s e  f i l e s  are  i n te n d e d  to  
be  u s e d  as  a  co m p l e m e n t an d  d o  n o t  fo rm  an  i n te g ral  p art  o f  th e  p u b l i c ati o n .  

Th i s  s e co n d  e d i t i o n  can ce l s  an d  re p l ace s  th e  f i rs t  e d i t i o n  p u b l i s h e d  i n  2 0 1 1 .  Th i s  e d i t i o n  
co n s ti tu te s  a  te c h n i c al  re vi s i o n .   

Th i s  e d i ti o n  i n c l u d e s  th e  fo l l o wi n g  s i g n i f i c an t  te c h n i c al  ch an g e s  wi th  re s p e ct  to  th e  pre vi o u s  
ed i t i o n :  

a)  th e  d o cu m e n t i s  bas e d  o n  th e  d e s i g n s  o f  th re e  d i ffe re n t  co m m o n l y u s e d  t ype s  o f  m an i ki n s ;  

b)  th e  cro s s  s e c ti o n s  o f  th e  h e ad  an d  to rs o  an d  p i n n a s i m u l ato rs  o f  th e  pre vi o u s  e d i t i o n  are  
re p l ac e d  b y m axi m u m  an d  m i n i m u m  val u e s  o f  th e i r  g e o m e tri c  d i m e n s i o n s ;  

c)  th e  d i ffu s e  f i e l d  fre q u e n c y re s p o n s e  o f  th e  m an i ki n  i s  ad d e d ;  

d )  th e  u s ab l e  fre q u e n c y ran g e  i s  e xte n d e d  to  1 0 0  H z  to  1 6  0 0 0  H z ;  

e)  i n  ad d i t i o n  to  th e  c yl i n d ri cal  e ar  c an al  e x te n s i o n  a  tap e re d  e ar  can al  e xte n s i o n  i s  ad d e d ;  

f)  d e s i g n  e x am pl e s  o f  o n e  an ato m i cal l y s h ap e d  m an i ki n  an d  o f  two  d i ffe re n t  g e o m e tri c al l y 
s h ap e d  m an i ki n s  are  g i ve n  i n  th e  an n e x e s ;  

g )  th e  re l at i o n s h i p  b e twe e n  to l e ran ce  i n te rval ,  co rre s p o n d i n g  acce p tan c e  i n te rval  an d  th e  
m axi m u m  pe rm i tte d  u n ce rtai n t y o f  m e as u re m e n t are  g i ve n  i n  an  a n n e x ;  

h )  3 D  re pre s e n tati o n s  o f  th re e  d i ffe re n t  t yp e s  o f  p i n n a s i m u l ato rs  are  g i ve n  i n  an  an n e x.  

Th e  te x t  o f  th i s  te ch n i cal  s pe c i f i cati o n  i s  b as e d  o n  th e  f o l l o wi n g  d o c u m e n ts :  

E n q u i ry d raft  R e p o rt  o n  vo t i n g  

2 9 /9 0 7 /D TS  2 9 /9 2 1 A/R VD TS  

 
Fu l l  i n fo rm ati o n  o n  th e  vo ti n g  fo r th e  ap pro val  o f  th i s  te ch n i c al  s p e ci f i cati o n  can  b e  fo u n d  i n  
th e  re po rt  o n  vo ti n g  i n d i c ate d  i n  th e  abo ve  tab l e .  

Th i s  d o cu m e n t h as  b e e n  d rafte d  i n  acc o rd an ce  wi th  th e  I S O /I E C  D i re c ti ve s ,  P art  2 .  

A l i s t  o f  al l  p arts  o f  I E C  6 0 3 1 8  s e ri e s ,  p u bl i s h e d  u n d e r  th e  g e n e ral  t i t l e  Electroacoustics – 
Simulators of human head and ear,  c an  be  fo u n d  o n  th e  I E C  we bs i te .  

Th e  co m m i tte e  h as  d e c i d e d  th at  th e  co n te n ts  o f  th i s  d o c u m e n t wi l l  re m ai n  u n ch an g e d  u n t i l  th e  
s tab i l i t y d ate  i n d i c ate d  o n  th e  I E C  we bs i te  u n d e r " h ttp : //we bs to re . i e c. c h "  i n  th e  d ata re l ate d  to  
th e  s p e c i f i c  d o cu m e n t.  At  th i s  d ate ,  th e  d o c u m e n t  wi l l  b e   

•  re co n fi rm e d ,  

•  wi th d rawn ,  

•  re p l ac e d  b y a  re vi s e d  e d i ti o n ,  o r  

•  am e n d e d .  

A b i l i n g u al  ve rs i o n  o f  th i s  p u bl i cati o n  m a y be  i s s u e d  at  a  l ate r d ate .  

 

IMPORTANT – The 'colour inside'  l ogo  on  the cover page of  th is  publ ication  i nd icates  
that  i t  contains colours wh ich  are  considered  to  be  usefu l  for the correct  
understand ing  of  i ts  contents.  Users  shou ld  therefore prin t  th is  document  using  a  
colour printer.  
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ELECTROACOUSTICS – SIMULATORS OF HUMAN HEAD AND EAR – 
 

Part  7:  Head  and  torso simulator for the  measurement of  
ai r-conduction  hearing  aids  

 
 
 

1  Scope 

Th i s  d o cu m e n t,  wh i ch  i s  a  Te ch n i cal  S pe c i f i cati o n ,  d e s c ri b e s  a h e ad  an d  to rs o  s i m u l ato r,  o r  
m an i ki n ,  i n te n d e d  fo r th e  m e as u re m e n t o f  ai r- co n d u c ti o n  h e ari n g  ai d s  i n  th e  fre q u e n c y ran g e  
fro m  1 0 0  H z  to  1 6  0 0 0  H z.   

Th e  m an i ki n  d e s cri b e d  i n  th i s  d o c u m e n t  i s  i n te n d e d  fo r ai rb o rn e  aco u s ti c  m e as u re m e n ts  o n l y.  
I t  i s  n o t  s u i tab l e  fo r m e as u re m e n ts  wh i ch  d e p e n d  u p o n  vi brati o n  tran s m i s s i o n  path s  s u ch  as  
bo n e  c o n d u cti o n ,  o r  fo r  m e as u re m e n ts  re q u i ri n g  th e  s i m u l ati o n  o f  bo n e  o r  t i s s u e .  

Th i s  d o cu m e n t  s pe c i fi e s  th e  m an i ki n  i n  te rm s  o f  bo th  i ts  g e o m e tri c al  d i m e n s i o n s  an d  i ts  
aco u s ti c al  pro p e rt i e s .  O n l y m an i ki n s  co m p l i an t  wi th  b o th  s e ts  o f  s pe c i f i cati o n s  are  i n  
co n f o rm an ce  wi th  th i s  d o cu m e n t.  

W AR N I N G  – I t  i s  ackn o wl e d g e d  th at  d e vi ce s  co n fo rm i n g  to  th i s  d o cu m e n t  are  u s e d  as  th e  
bas i s  fo r ap pl i c ati o n s  e x te n d i n g  b e yo n d  th i s  s c o pe ,  fo r e x am pl e  th e  m e as u re m e n t o f  s o u n d  
s o u rc e s  cl o s e  to  th e  e ar  o r  o f  h e ari n g  pro te cti o n  d e vi c e s .  I n  s u ch  cas e s ,  i t  i s  re c o m m e n d e d  
th at  an y n e c e s s ary d e s i g n  vari at i o n s  are  d o cu m e n te d ,  an d  th at  a  s tat i s t i cal  an al ys i s  o f  th e  
m e as u re m e n t d ata i s  carri e d  o u t  to  d e te rm i n e  th e  l e ve l  o f  re p e atab i l i t y th at  can  b e  ach i e ve d .  
I t  wi l l  al s o  be  n e c e s s ary to  as s e s s  th e  re l e van c e  o f  th e  m e as u re m e n ts  m ad e  wi th  th e  h e ad  
an d  to rs o  s i m u l ato r  to  th e  app l i cati o n  i n  q u e s ti o n .   

2 Normative references  

Th e  fo l l o wi n g  d o cu m e n ts  are  re fe rre d  to  i n  th e  te xt  i n  s u c h  a  wa y th at  s o m e  o r al l  o f  th e i r  
co n te n t  co n s ti tu te s  re q u i re m e n ts  o f  th i s  d o cu m e n t.  F o r d ate d  re f e re n c e s ,  o n l y th e  e d i t i o n  
ci te d  app l i e s .  F o r u n d ate d  re fe re n ce s ,  th e  l ate s t  e d i t i o n  o f  th e  re fe re n c e d  d o cu m e n t ( i n cl u d i n g  
an y am e n d m e n ts )  ap pl i e s .  

I E C  6 0 1 1 8 - 8 ,  Electroacoustics  – Hearing aids – Part 8: Methods of measurement of 
performance characteristics of hearing aids under simulated i n  s i tu  working conditions 

I E C  6 0 3 1 8 - 4,  Electroacoustics – Simulators of human head and ear – Part 4: Occluded-ear 
simulator for the measurement of earphones coupled to the ear by means of ear inserts 

I E C  6 1 2 6 0 - 1 ,  Electroacoustics – Octave-band and fractional-octave-band filters – Part 1: 
Specifications 

I S O/I E C  G u i d e  9 8 - 4,  Uncertainty of measurement – Role of measurement uncertainty in 
conformity assessment 

I S O  3 : 1 9 7 3 ,  Preferred numbers – Series of preferred numbers 



I E C  6 0 3 1 8 - 7: 2 0 1 7   I E C  2 0 1 7  – 7  – 

3 Terms and  defin i tions  

Fo r th e  pu rp o s e s  o f  th i s  d o c u m e n t,  th e  fo l l o wi n g  te rm s  an d  d e fi n i t i o n s  ap p l y.  

I S O an d  I E C  m ai n tai n  te rm i n o l o g i cal  d atab as e s  fo r u s e  i n  s tan d ard i zati o n  at  th e  fo l l o wi n g  
ad d re s s e s :   

•  I E C  E l e ctro pe d i a:  avai l ab l e  at  h ttp : //www. e l e ctro pe d i a. o rg / 

•  I S O O n l i n e  bro ws i n g  p l atfo rm :  avai l ab l e  at  h ttp : //www. i s o . o rg /o b p  

3. 1   
man ikin  
head  and  torso  simu lator  
s i m u l ato r  o f  a  m e d i an  ad u l t  h u m an  h e ad  an d  part  o f  th e  to rs o  e x te n d i n g  i n  to tal  fro m  th e  to p  
of  th e  h e ad  to  th e  wai s t  an d  d e s i g n e d  to  s i m u l ate  th e  s o u n d  pi ck- u p c h aracte ri s ti cs  an d  
aco u s ti c  d i ffrac ti o n  

N o te  1  t o  e n t ry Th e  h e a d  a n d  t o rs o  s i m u l ato r i n c l u d e s  t wo  p i n n a s i m u l ato rs ,  a n d  at  l e as t  o n e  o ccl u d e d - e a r  
s i m u l at o r.  

3.2   
man ikin  type  
d e s i g n ati o n  o f  th e  m an i ki n  as  e i th e r an ato m i cal  o r  g e o m e tri c al  i n  s h ap e  

3.3   
pinna simu lator  
d e vi c e  wh i ch  h as  th e  ap p ro x i m ate  s h ape  an d  d i m e n s i o n s  o f  a  m e d i an  ad u l t  h u m an  p i n n a 

3.4   
ear  simu lator  
d e vi ce  f o r m e as u ri n g  th e  ac o u s ti c  o u tpu t  o f  s o u n d  s o u rc e s  wh e re  th e  s o u n d  pre s s u re  i s  
m e as u re d  b y a c al i brate d  m i cro ph o n e  co u pl e d  to  th e  s o u rce  s o  th at  th e  o ve ral l  aco u s ti c  
i m pe d an c e  o f  th e  d e vi c e  ap pro x i m ate s  th at  o f  th e  n o rm al  h u m an  e ar at  a  g i ve n  l o c ati o n  an d  i n  
a g i ve n  fre q u e n c y ban d  

N o te  1  t o  e n t ry I n  th i s  d o c u m e n t,  an  e a r s i m u l ato r  co m p ri s e s  a n  e a r c an al  e xt e n s i o n  an d  an  o ccl u d e d - e a r  
s i m u l at o r ( s e e  4 . 2 . 4 ) .  

3.5   
occluded-ear simu lator  
ear s i m u l ato r wh i ch  ap pro x i m ate s  th e  aco u s ti c  tran s fe r i m pe d an c e  o f  th e  i n n e r p art  o f  th e  e ar 
can al ,  fro m  th e  t i p  o f  an  e ar  i n s e rt  to  th e  e ard ru m  

N o te  1  t o  e n t ry An  o cc l u d e d - e ar s i m u l ato r i s  s t an d ard i s e d  i n  I E C  6 0 3 1 8 - 4 .  

3.6   
ear  canal  extension  
d e vi c e  th at  pro vi d e s  a co n n e cti o n  b e twe e n  th e  o c cl u d e d - e ar s i m u l ato r an d  th e  ap e rtu re  o f  th e  
d e vi c e  s i m u l at i n g  th e  co n ch a 

3.7   
reference plane of  the  occluded-ear simu lator  
p l an e  p e rpe n d i cu l ar to  th e  ax i s  o f  th e  c avi t y o f  th e  s i m u l ato r,  c h o s e n  to  p as s  th ro u g h  th e  
po s i t i o n  n o rm al l y o ccu pi e d  b y th e  t i p  o f  an  e ar  m o u l d  i n  a  h u m an  e ar  can al  

3.8   
reference  point  of  the  man ikin  
po i n t  bi s e c ti n g  th e  l i n e  j o i n i n g  th e  ri g h t  an d  l e ft  e ar can al  e n tran c e  p o i n ts  ( E E P ,  s e e  3 . 1 7)  

http://www.iso.org/obp
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3.9   
plane  of  symmetry of  the manikin  
pl an e  p as s i n g  th ro u g h  th e  re fe re n ce  p o i n t  o f  th e  m an i ki n  th at  d i vi d e s  th e  l e ft  an d  r i g h t  
po rt i o n s  o f  th e  m an i ki n  i n to  s ym m e tri c al  h al ve s ,  wi th i n  th e  al l o we d  to l e ran ce s ,  wh e re  l e ft  an d  
ri g h t  i s  i n te rpre te d  as  f o r th e  h u m an  to rs o  

N o te  1  t o  e n t ry S e e  F i g u re  1 .  

3.1 0   
axis  of  rotation  of  the man ikin  
s trai g h t  l i n e  ab o u t  wh i ch  th e  m an i ki n  c an  be  ro tate d ,  p as s i n g  th ro u g h  th e  re fe re n ce  p o i n t  o f  
th e  m an i ki n ,  l yi n g  i n  th e  p l an e  o f  s ym m e tr y o f  th e  m an i ki n ,  an d  h avi n g  a d i re cti o n  th at  wo u l d  
be  ve rti cal  i f  th e  m an i ki n  we re  m o u n te d  i n  a  p o s i t i o n  co rre s po n d i n g  to  th at  o f  a  s tan d i n g  
pe rs o n  

N o te  1  t o  e n t ry S e e  F i g u re  1 .  

3.1 1   
reference plane of  the  man ikin  
p l an e  pe rp e n d i c u l ar  to  th e  ax i s  o f  ro tat i o n  th at  co n tai n s  th e  re fe re n c e  po i n t  o f  th e  m an i ki n  

N o te  1  t o  e n t ry S e e  F i g u re  1 .  

3.1 2   
test  point  
re p ro d u ci b l e  p o s i t i o n  i n  th e  te s t  s p ac e  at  wh i ch  th e  s o u n d  pre s s u re  l e ve l  i s  m e as u re d  wi th  th e  
m an i ki n  abs e n t  an d  at  wh i c h  th e  re fe re n c e  po i n t  o f  th e  m an i ki n  i s  to  be  l o cate d  fo r te s t  
pu rp o s e s  

N o te  1  t o  e n t ry S e e  F i g u re  2 .  

3.1 3   
test  axis  
l i n e  j o i n i n g  th e  te s t  p o i n t  an d  th e  c e n tre  o f  th e  s o u n d  s o u rce  

N o te  1  t o  e n t ry S e e  F i g u re  2 .  

3.1 4   
test  plane 
p l an e  pe rp e n d i c u l ar  to  th e  te s t  ax i s  an d  c o n tai n i n g  th e  te s t  p o i n t  

3.1 5   
azimuth  ang le of  sound  incidence  
an g l e  be twe e n  th e  p l an e  o f  s ym m e tr y o f  th e  m an i ki n  an d  th e  p l an e  d e fi n e d  b y t h e  axi s  o f  
ro tat i o n  o f  th e  m an i ki n  an d  th e  te s t  ax i s  

N o te  1  t o  e n t ry W h e n  th e  m an i ki n  face s  th e  s o u n d  s o u rce ,  t h e  a z i m u t h  an g l e  o f  s o u n d  i n ci d e n ce  i s  d e fi n e d  as  0 ° .  
W h e n  t h e  ri g h t  e ar o f  t h e  m an i ki n  fac e s  t h e  s o u n d  s o u rc e ,  th e  an g l e  i s  d e fi n e d  as  + 9 0 ° .  W h e n  t h e  l e ft  e ar o f  th e  
m an i ki n  face s  th e  s o u n d  s o u rc e ,  t h e  an g l e  i s  d e fi n e d  as  + 2 7 0 ° .  

N o te  2  t o  e n t ry S e e  F i g u re  2 .  

3.1 6   
elevation  ang le  of  sound  incidence  
an g l e  be twe e n  th e  re fe re n ce  pl an e  o f  th e  m an i ki n  an d  th e  te s t  ax i s  

N o te  1  t o  e n try W h e n  th e  ve rte x po i n ts  to wa rd s  t h e  s o u n d  s o u rce  th e  e l e vati o n  an g l e  i s  d e fi n e d  as  + 9 0 ° .  W h e n  
th e  te s t  a xi s  l i e s  i n  th e  re fe re n c e  pl an e  o f  t h e  m an i ki n ,  t h e  e l e vati o n  an g l e  i s  d e fi n e d  as  0 ° .  

N o te  2  t o  e n t ry S e e  F i g u re  2 .  
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3.1 7   
ear  canal  entrance poin t  
EEP 
po i n t  l o cate d  at  th e  ce n tre  o f  th e  m an i ki n  e ar can al  at  th e  j u n cti o n  be twe e n  co n c h a an d  e ar  
can al  e x te n s i o n  

3.1 8   
transverse plane of  the  man ikin  
p l an e  p e rpe n d i cu l ar to  th e  p l an e  o f  s ym m e tr y o f  th e  m an i ki n  an d  co n tai n i n g  th e  axi s  o f  
ro tat i o n  

3.1 9   
reference posi t ion  of  the  manikin  
po s i t i o n  o f  th e  m an i ki n  i n  th e  te s t  s p ace  wh e re  th e  re fe re n c e  p o i n t  o f  th e  m an i ki n  c o i n c i d e s  
wi th  th e  te s t  p o i n t,  an d  th e  az i m u th  an d  e l e vati o n  an g l e s  are  bo th  e q u al  to  z e ro  

3.20   
man ikin  free-field  frequency response  
d i ffe re n ce ,  as  a  fu n cti o n  o f  fre q u e n c y,  b e twe e n  th e  s o u n d  pre s s u re  l e ve l  at  th e  e ar s i m u l ato r  
m i cro p h o n e  wi th  th e  re fe re n c e  po i n t  o f  th e  m an i ki n  at  th e  te s t  p o i n t  wi th i n  a fre e - f i e l d  
m e as u re m e n t  e n vi ro n m e n t  an d  th e  s o u n d  p re s s u re  l e ve l  at  th e  te s t  p o i n t  wi th  th e  m an i ki n  
abs e n t  

3.21   
man ikin  d i ffuse-field  frequency response  
d i ffe re n ce ,  as  a  fu n c ti o n  o f  fre q u e n c y,  b e twe e n  th e  s o u n d  pre s s u re  l e ve l  at  th e  e ar s i m u l ato r  
m i cro p h o n e  wi th  th e  re fe re n c e  po i n t  o f  th e  m an i ki n  at  th e  te s t  p o i n t  wi th i n  a d i ffu s e - fi e l d  
m e as u re m e n t e n vi ro n m e n t  an d  th e  s o u n d  p re s s u re  l e ve l  at  th e  te s t  p o i n t  wi th  th e  m an i ki n  
abs e n t  
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N O TE  Th e  re fe re n ce  p o i n t  o f  t h e  m an i ki n  i s  s i tu at e d  wi t h i n  th e  h e ad .  

Figure 1  – Man ikin  geometrical  references  
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Ve rte x  
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9 0 °  
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Axi s  o f  ro tati o n  

P l an e  o f  s ym m e try  

R e fe re n ce  p o i n t  ( an d  to p  

vi e w o f  a xi s  o f  ro t at i o n ) .  

I t  b i s e ct s  th e  l i n e  j o i n i n g  

t h e  c e n tre s  o f  t h e  o pe n i n g s  

o f  th e  e a r s i m u l at o r c a n al s .  

9 0 °  
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Figure 2  – Coord inate  scheme for  azimuth  and  elevation  ang les  

4 Construction    

4.1  General  

Th e  s i m u l ato r  co n s i s ts  o f  a  h e ad  m o u n te d  o n  a  to rs o  th at  e x te n d s  to  th e  wai s t.  Th e  h e ad  i s  
e q u i pp e d  wi th  s i m u l ate d  pi n n ae  an d  o n e  o r  two  o ccl u d e d - e ar s i m u l ato rs  fo rm e d  o f  cavi t i e s  
h avi n g  aco u s ti c  i m pe d an ce  te rm i n ati o n s  c o rre s p o n d i n g  to  th at  o f  a  m e d i an  h u m an  ad u l t ,  an d  
m i cro p h o n e s  l o c ate d  at  po s i t i o n s  co rre s po n d i n g  to  th e  e ard ru m s .  I t  h as  be e n  d e s i g n e d  to  
pro vi d e  aco u s ti c  d i ffracti o n  s i m i l ar to  th at  e n c o u n te re d  aro u n d  th e  m e d i an  h u m an  h e ad  an d  
to rs o .  M e as u re m e n t  re s u l ts  o b tai n e d  wi th  a m an i ki n  c an  d i ffe r s u bs tan ti al l y f ro m  s i m i l ar 
m e as u re m e n ts  m ad e  o n  an  i n d i vi d u al  pe rs o n ,  d u e  to  an ato m i cal  vari at i o n s .  M e as u re m e n t  
re s u l ts  fo r  a  g i ve n  h e ari n g  ai d  o btai n e d  wi th  d i ffe re n t  m o d e l s  o f  m an i ki n  co n fo rm i n g  to  th i s  
d o c u m e n t can  al s o  d i ffe r,  d e p e n d i n g  o n  th e  t yp e  an d  th e  m e th o d  o f  f i tt i n g  th e  h e ari n g  ai d .  Th e  
s am e  h o l d s  fo r m e as u re m e n t  re s u l ts  o btai n e d  wi th  th e  s am e  m an i ki n  m o d e l  b u t  wi th  d i ffe re n t  
m o d e l s  o f  p i n n a s i m u l ato rs .  Abo ve  1 0  kH z ,  an  o ccl u d e d - e ar s i m u l ato r co n f o rm i n g  to  
I E C  6 0 3 1 8 - 4  d o e s  n o t  s i m u l ate  th e  aco u s ti c  i m p e d an ce  o f  th e  h u m an  e ar an d  can  o n l y b e  
u s e d  as  an  ac o u s ti c  c o u p l e r  i n  th i s  fre q u e n c y ran g e .  

Th e  re al i z ati o n  o f  th e  m an i ki n  co n fo rm i n g  to  th i s  d o cu m e n t can  b e  e i th e r an ato m i cal l y s h ap e d  
( s e e  An n e x A)  o r  g e o m e tri c al l y s h ap e d  ( s e e  An n e x  B )  an d  c an  h ave  d i ffe re n t  an ato m i cal l y  
sh ap e d  p i n n a s i m u l ato rs .  Th e  re al i zati o n  o f  th e  e ar c an al  e n tran ce ,  to g e th e r wi th  th e  
ad d i t i o n al  e ar can al  e xte n s i o n  can  b e  e i th e r c yl i n d ri cal  o r  tap e re d  i n  s h ap e .  Th i s  e n ab l e s  th e  

IEC  

R e fe re n c e  pl a n e  

R e fe re n ce  p o i n t  

an d  t e s t  p o i n t  
Te s t  a xi s  

α  E l e vat i o n  an g l e  o f  s o u n d  i n ci d e n ce  

R an g e :  –9 0 °  to  + 9 0 °  

θ  
Az i m u th  an g l e  o f  s o u n d  i n ci d e n c e  

R an g e :  0 °  t o  + 3 6 0 °  

Te s t  a xi s  

R e fe re n c e  po i n t  

an d  te s t  p o i n t  S o u n d  s o u rc e  
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m e as u re m e n ts  o f  al l  t yp e s  o f  h e ari n g  ai d s ,  fo r  e xam pl e  b e h i n d - th e - e ar ( B TE )  an d  i n - th e - e ar  
( I TE )  d e s i g n s .  

N O TE  N e ve rth e l e s s ,  s o m e  s pe ci f i c  I TE  h e ari n g  ai d  m o d e l s  m i g h t  n o t  b e  co m p at i bl e .  

Th i s  d o cu m e n t c o ve rs  b o th  th e  g e o m e tri cal  d i m e n s i o n s  o f  th e  m an i ki n ’ s  h e ad ,  to rs o ,  p i n n ae  
an d  e ar can al s  an d  th e  m an i ki n ’ s  ac o u s ti ca l  c h aracte ri s t i cs .  As  a  m i n i m u m ,  th e  m an i ki n  s h al l  
be  s p e ci f i e d  wi th  c yl i n d ri cal  e ar  can al  e x te n s i o n s ,  an d  c o m pl y wi th  th e  ap pro pri ate  ac o u s ti c al  
ch arac te ri s ti cs .  O pti o n al l y,  tap e re d  e ar can al  e xte n s i o n s  m ay al s o  b e  s p e c i f i e d .  Th e  m o d e l  
an d  t yp e  o f  th e  m an i ki n  u s e d  ( s e e  3 . 2 )  an d  th e  m o d e l  o f  th e  p i n n a s i m u l ato r  u s e d  s h al l  b e  
s tate d  wh e n  g i vi n g  re s u l ts  o f  h e ari n g  ai d  m e as u re m e n ts  m ad e  wi th  th e  m an i ki n .  

4.2  Geometrical  d imensions of  the  manikin  

4.2. 1  Head  and  torso  

Th e  g e o m e tri cal  d i m e n s i o n s  o f  th e  h e ad  an d  th e  to rs o  are  i l l u s trate d  i n  F i g u re  3 ,  an d  l i s te d  i n  
Tabl e  1 .  Th e  re al i zati o n  o f  th e  h e ad  ( e xcl u d i n g  th e  p i n n ae )  an d  o f  th e  to rs o  can  be  e i th e r 
an ato m i c al l y s h ap e d  o r  g e o m e tri c al l y s h ape d .  An ato m i cal l y s h ape d  m an i ki n s  are  n o t  
n e c e s s ari l y co m p l e te l y s ym m e tri cal  an d  m ay b e  d e s cri b e d  as  " q u as i - s ym m e tri cal " ,  wh e n  
s ta yi n g  wi th i n  th e  al l o wab l e  d i ffe re n c e s  fro m  th e  c o m pl e te l y s ym m e tri cal  m an i ki n .  B o th  
an ato m i c al l y an d  g e o m e tri cal l y s h ap e d  m an i ki n s  s h al l  co n fo rm  to  th e  s pe c i f i e d  ran g e s  o f  
g e o m e tri cal  d i m e n s i o n s  an d  ac o u s ti c al  ch arac te ri s ti cs  s pe c i f i e d  i n  th i s  d o cu m e n t.   

Th e  acce p tan ce  i n te rval  o f  th e  q u as i - s ym m e tri cal  l e ft  an d  ri g h t  p o rt i o n  o f  th e  m an i ki n  s h al l  be  
±  2  m m  fo r th e  h e ad  an d  ±  3  m m  fo r th e  to rs o  wi th  re s p e ct  to  th e  p l an e  o f  s ym m e try.  

N O TE  F o r m e as u re m e n t s  th at  i n c l u d e  bo t h  h e ad  a n d  t o rs o  d i m e n s i o n s ,  fo r  e xam pl e  E E P  to  s h o u l d e r,  th e  
acc e p tan c e  i n te rval  s u m s  u p  t o  ±  5  m m .  

 

N O TE  F o r p o s i t i o n  o f  e a r c an al  e n t ran c e  po i n t  ( E E P ) ,  s e e  F i g u re  4 .  

Figure 3  – I l lustration  of  manikin  head  and  torso  d imensions  
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Table  1  – Manikin  head  and  torso  d imensions  

Linear d imension  of  Nominal  

m m  

M in imum 

m m  

Maximum 

m m  

Average human  data  [1 9] 1  

m m  

H e a d  b re a d t h    1 5 1  1 4 8  1 5 3  1 5 1  

H e a d  l e n g th  1 9 5  1 9 0  2 0 4  1 8 8  

E E P  to  ve rt e x  1 3 0  1 2 8  1 3 5  1 3 0  

E E P  to  E E P  d i s t an ce  1 3 2  1 3 0  1 3 4  1 3 2  

E E P  to  o cci p i tal  wal l  9 5  9 3  9 9  9 5  

C h i n - t o - ve rt e x l e n g t h  2 2 0  2 1 7  2 2 5  2 2 2  

E E P  to  s h o u l d e rc  1 75  1 6 9  1 8 1  1 7 6  

N e c k d i am e te r  1 1 3  1 1 1  1 1 5  1 1 2  

S h o u l d e r b re a d th  4 3 2  3 9 9  45 6  42 7  

C h e s t  b re a d th  2 8 2  2 8 0  2 8 4  2 9 1  

C h e s t  d e pt h  2 1 9  1 8 0  2 4 1  – 

S h o u l d e r d e pt h d  1 1 0  1 0 8  1 6 1  – 

S h o u l d e r l o c at i o n  b ,  e  6  –4  2 0  – 

S h o u l d e r po s i t i o n  a ,  f  7 8  76  8 0  – 

M a n i ki n  h e i g h t  – 6 0 0  –  

N O TE  To  b e  i n d e p e n d e n t  o f  th e  typ e  o f  p i n n a s i m u l at o r  u s e d ,  th i s  d o cu m e n t  u s e s  t h e  e a r can al  e n t ran ce  p o i n t  
( E E P )  rath e r t h an  th e  t ra g i o n  as  a  re fe re n c e  p o i n t .  Th e  d i f fe re n c e s  b e t we e n  bo th  s e t s  o f  val u e s  are  ch o s e n  i n  
co n fo rm i ty  wi t h  [ 8 ]  to  b e  5  m m  fo r  E E P  t o  ve rt e x,  –1 1  m m  fo r  l e ft  E E P  t o  ri g h t  E E P ,  –3  m m  for E E P  to  o c ci pi tal  wal l  
an d  –5  m m  fo r  E E P  to  s h o u l d e r.  

a  F o r a n at o m i c al l y  s h ap e d  m an i ki n  o n l y.  

b  F o r g e o m e tri cal l y  s h a pe d  m an i ki n  o n l y.  

c  M e as u re d  fro m  th e  s h o u l d e r s u rface ,  1 75  m m  s i d e wa ys  fro m  t h e  p l a n e  o f  s ym m e try,  to  t h e  re fe re n ce  pl a n e  o f  
t h e  m an i ki n .  

d  M e as u re d  be t we e n  f ro n t  a n d  back s h o u l d e r  p o i n t s ,  1 75  m m  s i d e ward  f ro m  th e  pl a n e  o f  s ym m e t ry o f  t h e  
m an i ki n .  

e  M e as u re d  f ro m  th e  p o i n t  o f  t h e  s h o u l d e r s e c ti o n ,  1 75  m m  s i d e ward  fro m  t h e  p l an e  o f  s ym m e try,  t o  t h e  
t ran s ve rs e  pl a n e  o f  th e  m an i ki n  ( p o s i t i ve  be h i n d  tra n s ve rs e  p l an e ) .   

f   M e as u re d  b e t we e n  f ro n t  s h o u l d e r po i n t,  1 7 5  m m  s i d e ward  fro m  t h e  pl an e  o f  s ym m e t ry o f  th e  m an i ki n  to  th e  
fro n t - m o s t  po i n t  o n  th e  t o rs o .  

 

4.2.2  Pinna simulators for  hearing  aid  measurements  

Th e  ri g h t  an d  l e ft  pi n n a s i m u l ato rs  s h al l  be  an ato m i cal l y s h ape d .   

Fo r e ac h  t yp e  o f  m an i ki n ,  o n l y o n e  p ai r  o f  p i n n a s i m u l ato rs  wi th  c yl i n d ri c al  e ar can al  
e xte n s i o n s  an d  o p ti o n al l y o n l y o n e  pai r  o f  pi n n a s i m u l ato rs  wi th  th e  tap e re d  e ar can al  
e xte n s i o n s  s h al l  b e  s p e ci f i e d .  Th e i r  pri n ci p al  d i m e n s i o n s  an d  o ri e n tati o n  are  i l l u s trate d  i n  
Fi g u re  4 ,  an d  l i s te d  i n  Tab l e  2  an d  Tab l e  3 .  

Th e  acce p tan ce  i n te rval s  o f  th e  q u as i - s ym m e tri cal  l e ft  an d  ri g h t  p i n n a s i m u l ato r o f  th e  
m an i ki n  s h al l  b e  ± 2  m m .    

N O TE  I n  ad d i t i o n  t o  t h e  p i n n a s i m u l at o rs  d e s c ri b e d  i n  t h i s  d o cu m e n t ,  t h e re  a re  m an y o t h e r m o d e l s  o f  p i n n a  
s i m u l ato r o n  th e  m arke t ,  fo r i n s tan ce  a  s m al l  o n e  u s e d  fo r  t h e  m e as u re m e n t  o f  e arp h o n e s  ( s e e  I E C  6 0 2 6 8 - 7 ) .  

H o we ve r,  t h e s e  p i n n a s i m u l at o rs  are  n o t  i n t e n d e d  fo r  h e a ri n g  ai d  m e as u re m e n ts .  

___________ 

1  N u m be rs  i n  s q u a re  b racke ts  re fe r to  t h e  B i b l i o g rap h y.  
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4.2.3  Ear  canal  extension  

On l y o n e  c yl i n d ri c al ,  an d  o pti o n al l y,  o n e  tape re d  e ar can al  e xte n s i o n  s h al l  b e  u s e d .  Th e  
cyl i n d ri cal  e ar c an al  e x te n s i o n  s h al l  h ave  a n o m i n al  d i am e te r o f  7 , 5 0  m m .  I t  i s  m ai n l y 
i n te n d e d  f o r th e  m e as u re m e n t  o f  b e h i n d - th e - e ar  an d  fu l l - c o n c h a i n - th e - e ar t yp e s  o f  h e ari n g  
ai d s .  I f  a  tap e re d  e ar  can al  e xte n s i o n  i s  s p e c i fi e d ,  i t  s h al l  h ave  a  n o m i n al  d i am e te r o f  
7, 5 0  m m  wh e re  i t  co u p l e s  to  th e  o ccl u d e d - e ar s i m u l ato r an d  a l arg e r d i am e te r wh e re  i t  
co u p l e s  to  th e  b o tto m  o f  th e  co n ch a o f  th e  p i n n a s i m u l ato r  ( s e e  Tab l e  3 ) .  Tape re d  e ar can al  
exte n s i o n s  are  m ai n l y i n te n d e d  fo r th e  m e as u re m e n t o f  i n - th e - e ar an d  co m p l e te l y- i n - th e - c an al  
typ e s  o f  h e ari n g  ai d s .  
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Key 

1  an ti - h e l i x  4  E E P  
2  h e l i x  5  trag i o n  
3  co n c h a  6  cru s  o f  h e l i x  

Figure 4  a)  – Pinna  simu lator  

 

Figure 4  b)  – Ear  canal  extension  cyl indrical  

 

Figure 4  c)  – Ear canal  extension  tapered  

Figure 4  – I l lustration  of  manikin  pinna  simulator d imensions  
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Table  2  – Dimensions of  the pinna simu lator and  the cyl indrical  ear  
canal  extension  of  the man ikin  

Linear  d imension  of  Nominal  

m m  o r d e g re e s  

Min imum 

m m  o r d e g re e s  

Maximum 

m m  o r d e g re e s  

E ar l e n g t h  6 5  6 4  6 7  

E ar l e n g t h  abo ve  E E P  3 5  3 3  3 8  

E ar b re a d th  3 7  3 6  3 8  

E ar p ro t ru s i o n   2 0  1 8  2 4  

E ar p ro t ru s i o n  an g l e   1 6 0 °  1 5 9 , 5 °  1 6 0 , 5 °  

Ve rt i c al  t i l t  fro n t  vi e w  9 °  7 , 5 °  1 0 , 5 °  

Ve rt i c al  t i l t  s i d e  vi e w  6 °  5 , 5 °  6 , 5 °  

C o n ch a l e n g t h  2 4  2 3  2 6  

C o n ch a l e n g t h  be l o w E E P  1 0  8  1 1  

C o n ch a b rea d th ,  trag i o n  t o  a n ti - h e l i x  2 3  2 2  2 4  

C o n ch a b rea d th ,  E E P  to  an ti - h e l i x  1 7  1 4  2 0  

C o n ch a d e p th  1 3  1 1  1 6  

D i am e t e r o f  e ar c a n al  e xt e n s i o n  7 , 5 0  7 , 4 0  7, 6 0  

Le n g t h  o f  e ar ca n al  e xte n s i o n  1 0  9  1 1  

 

Table  3  – Dimensions of  the pinna simu lator and  the tapered  ear  canal  extension   
of  the manikin  

Linear  d imension  of  Nominal  

m m  o r d e g re e s  

Min imum 

m m  o r d e g re e s  

Maximum 

m m  o r d e g re e s  

E ar l e n g t h  6 6  6 5  6 7  

E ar l e n g t h  abo ve  E E P  3 6  3 5  3 7  

E ar b re ad th  3 7  3 6  3 8  

E ar p ro t ru s i o n   2 3  1 9  2 4  

E ar p ro t ru s i o n  an g l e  1 6 0 °  1 5 9 , 5 °  1 6 0 , 5 °  

Ve rt i c al  t i l t  fro n t  vi e w 1 0 °  8 °  1 0 , 5 °  

Ve rt i c al  t i l t  s i d e  vi e w 6 °  5 , 5 °  6 , 5 °  

C o n ch a l e n g t h  2 8  2 4  2 9  

C o n ch a l e n g t h  be l o w E E P  1 0  9  1 1  

C o n ch a b rea d th ,  trag i o n  t o  a n ti - h e l i x  2 3  2 2  2 4  

C o n ch a b rea d th ,  E E P  to  an ti - h e l i x  2 3  1 9  2 4  

C o n ch a d e p th  1 5  1 2  1 6  

D i am e t e r o f  e ar c a n al  e xt e n s i o n  at  th e  
re fe re n ce  pl a n e  o f  t h e  o ccl u d e d - e ar 
s i m u l ato r  

7 , 5 0  7 , 4 0  7, 6 0  

D i am e t e r o f  e ar c a n al  e xt e n s i o n  at  th e  
p i n n a s i m u l ato r  

1 0  9 , 5  1 0 , 5  

Le n g t h  o f  e ar ca n al  e xte n s i o n  8 , 8  7 , 8  1 0  

 

4.2.4  Ear  simulator  

Th e  e ar  s i m u l ato r s h al l  co m pri s e  an  o cc l u d e d - e ar  s i m u l ato r,  fo r  e x am p l e  as  d e s cri be d  i n  
I E C  6 0 3 1 8 - 4,  an d  an  e ar  can al  e x te n s i o n  ( s e e  3 . 4 ) .  
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I f  o cc l u d e d - e ar s i m u l ato rs  d i ffe ri n g  i n  d e tai l  fro m  th at  s pe ci fi e d  i n  I E C  6 0 3 1 8 - 4  are  u s e d ,  th e i r  
ch arac te ri s ti cs  s h o u l d  b e  s tate d  wh e n  g i vi n g  re s u l ts  o f  m e as u re m e n ts  o f  h e ari n g  ai d s  m ad e  
wi th  th e  m an i ki n .  

4.2.5  Materials  

Th e  m an i ki n  s h al l  h ave  a n o n - p o ro u s  s u rface ,  wi th  an  ac o u s ti c  i m p e d an c e  wh i c h  i s  h i g h  
co m pare d  to  th at  o f  ai r,  an d  be  o f  a  m ate ri al  wh i c h  e n s u re s  d i m e n s i o n al  s tab i l i t y.  

Th e  p i n n a s i m u l ato rs  s h al l  be  m ad e  fro m  a  h i g h - q u al i t y e l as to m e r.  Th e  s h o re - O O h ard n e s s  
[1 8 ]  s h al l  be  i n  th e  ran g e  fro m  3 0 °  to  6 0 ° .  T h e  t i m e  i n te rval  f o r  wh i ch  th e  m e ch an i cal  
ch arac te ri s ti cs  o f  th e  p i n n a s i m u l ato rs  are  e xp e cte d  to  re m ai n  c o m pl i an t  wi th  th i s  d o c u m e n t  
sh al l  b e  i n d i cate d  b y m e an s  o f  an  e x p i rati o n  d ate .  

M e as u re m e n t re s u l ts  o n  h e ari n g  ai d s  o bta i n e d  wi th  th e  s am e  m an i ki n  f i t te d  wi th  d i ffe re n t  
pi n n a s i m u l ato r  m o d e l s  can  d i ffe r b y var yi n g  d e g re e s  d e p e n d i n g  o n  th e  typ e  o f  h e ari n g  ai d  
u n d e r te s t  an d  th e  wa y i t  i s  f i tte d .  Th e  m o d e l ,  o r  s i m i l ar i d e n ti f i c ati o n ,  o f  th e  p i n n a s i m u l ato rs  
to g e th e r wi th  th e i r  s h o re - OO h ard n e s s  s h o u l d  b e  s tate d  wh e n  g i vi n g  re s u l ts  o f  h e ari n g  ai d  
m e as u re m e n ts  m ad e  wi th  th e  m an i ki n .  

4.3  Acoustical  characteristi cs  of  the manikin  

4.3. 1  Free-fi eld  frequency response  

Tabl e  4  an d  Tab l e  5  g i ve  th e  fre e - f i e l d  fre q u e n c y re s p o n s e s  o f  th e  m an i ki n  ( ri g h t  e ar)  
e q u i pp e d  wi th  c yl i n d ri c al l y s h ap e d  e ar  can al  e xte n s i o n s .  Val u e s  are  s tate d  fo r  0 °  e l e vati o n  
an g l e  an d  azi m u th  an g l e s  o f  0 °  ( fro n tal  i n c i d e n c e ) ,  9 0 ° ,  1 8 0 °  an d  2 7 0 ° .  Th e  val u e s  al s o  ap p l y 
fo r  th e  c o rre s p o n d i n g  s ym m e tri cal  az i m u th  an g l e s  fo r th e  l e ft  p i n n a.   

N O TE  1  D i ff i cu l t i e s  c an  b e  e xpe ri e n c e d  wh e n  m e as u ri n g  t h e  m an i ki n  f re q u e n cy re s p o n s e  at  t h e  az i m u t h  an g l e  
2 7 0 °  fo r  6 , 3  kH z  an d  h i g h e r  fre q u e n c i e s .  Th i s  i s  d u e  t o  a  c o m bi n at i o n  o f  re fl e c ti o n s  f ro m  th e  b o u n d ari e s  o f  t h e  t e s t  
e n c l o s u re ,  a n d  t h e  h e ad  s h a d o w e ffe ct .  H e n c e ,  th e s e  val u e s  h ave  b e e n  o m i t te d  i n  Tab l e  5 .  

Th e  n o m i n al  fre e - f i e l d  f re q u e n c y re s p o n s e s  we re  o b tai n e d  fro m  a po we r ave rag e  o f  th e  
m e as u re d  fre e - fi e l d  fre q u e n c y re s p o n s e s  o f  th e  th re e  m an i ki n s  i n  An n e x A an d  An n e x B ,  
e xtracte d  fro m  [1 6 ] .  Th e  fre e  f i e l d - fre q u e n c y re s p o n s e  i s  g i ve n  i n  o n e - twe l fth - o c tave  i n te rval s  
ce n tre d  at  th e  n o m i n al  o n e - th i rd - o ctave  b an d  ce n tre  fre q u e n c i e s .  

N O TE  2  Th e  n o m i n al  o n e - t h i rd - o c ta ve  ban d  ce n t re  fre q u e n c i e s  u s e d  as  te s t  fre q u e n c i e s  i n  Tabl e  3  a n d  Ta bl e  4  
co rre s po n d  to  t h e  I S O  3  R  1 0  p re fe rre d  n u m b e r s e ri e s .  
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Table  4  – Free-fi eld  frequency response of  the man ikin   
for  an  azimuth  ang le of  0°  (right  ear)   

One-th i rd -octave band  centre  frequency  Free-fi eld  frequency response Acceptance i n terval  

H z  d B  d B  

 Azimuth  ang le    

 0°    

1 0 0  

1 2 5  

1 6 0  

0 , 0  

0 , 0  

0 , 0  

+ 1 , 5  

+ 1 , 5  

+ 1 , 5  

–1 , 5  

–1 , 5  

–1 , 5  

2 0 0  

2 5 0  

3 1 5  

0 , 0  

0 , 0  

1 , 0  

+ 1 , 5  

+ 1 , 5  

+ 1 , 5  

–1 , 5  

–1 , 5  

–1 , 5  

4 0 0  

5 0 0  

6 3 0  

2 , 0  

2 , 5  

3 , 0  

+ 1 , 5  

+ 2 , 0  

+ 1 , 5  

–1 , 5  

–1 , 5  

–1 , 5  

8 0 0  

1  0 0 0  

1  2 5 0  

4, 0  

4, 0  

3 , 0  

+ 1 , 5  

+ 2 , 0  

+ 2 , 0  

–1 , 5  

–2 , 5  

–3 , 5  

1  6 0 0  

2  0 0 0  

2  5 0 0  

5 , 0  

1 2 , 0  

1 6 , 5  

+ 1 , 5  

+ 2 , 0  

+ 3 , 0  

–2 , 0  

–2 , 5  

–3 , 0  

3  1 5 0  

4  0 0 0  

5  0 0 0  

1 7 , 5  

1 4 , 0  

1 1 , 5  

+ 2 , 0  

+ 2 , 0  

+ 2 , 5  

–2 , 5  

–3 , 0  

–3 , 0  

6  3 0 0  

8  0 0 0  

1 0  0 0 0  

7, 0  

2 , 0  

2 , 0  

+ 2 , 0  

+ 3 , 5  

+ 4, 0  

–2 , 0  

–5 , 5  

–4 , 5  

1 2  5 0 0  

1 6  0 0 0  

9 , 0  

3 , 0  

+ 4, 0  

+ 4, 0  

–4 , 5  

–6 , 0  

N O TE  1  T h e  f re e  f i e l d - f re q u e n c y re s p o n s e  i s  g i ve n  i n  o n e - t we l fth - o c ta ve  i n t e rval s  ce n tre d  at  t h e  n o m i n al  o n e -
t h i rd - o ct a ve  ban d  ce n t re  fre q u e n c i e s .  

N O TE  2  T h e  va l u e s  i n  Tab l e  4  a re  val i d  o n l y  fo r  pi n n a s i m u l ato rs  f o r  h e ari n g  ai d  m e as u re m e n t s  by m e an s  o f  
cyl i n d ri c al  e a r can al  e xt e n s i o n s  ac co rd i n g  to  Tab l e  2 .   
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Table  5  – Free-field  frequency responses  
of  the manikin  for  azimuth  ang les  of  90° ,  1 80°  and  270°  (right  ear)  

One-th i rd -octave band  centre  
frequency 

 

Free-fi eld  frequency response 

 

Acceptance i n terval  

 

H z   d B  d B  

  Azimuth  ang le    

  90°  1 80°  270°    

1 0 0  

1 2 5  

1 6 0  

 0 , 5  

0 , 5  

1 , 0  

0 , 0  

0 , 0  

–0 , 5  

–0 , 5  

–0 , 5  

–1 , 0  

+ 1 , 5  

+ 1 , 5  

+ 1 , 5  

–1 , 5  

–1 , 5  

–1 , 5  

2 0 0  

2 5 0  

3 1 5  

 1 , 5  

2 , 5  

3 , 5  

0 , 0  

0 , 0  

0 , 0  

–1 , 0  

–0 , 5  

0 , 0  

+ 1 , 5  

+ 1 , 5  

+ 1 , 5  

–2 , 0  

–1 , 5  

–1 , 5  

4 0 0  

5 0 0  

6 3 0  

 4 , 5  

5 , 5  

7 , 0  

0 , 5  

1 , 0  

2 , 0  

0 , 5  

1 , 5  

1 , 5  

+ 1 , 5  

+ 2 , 0  

+ 1 , 5  

–1 , 5  

–1 , 5  

–2 , 0  

8 0 0  

1  0 0 0  

1  2 5 0  

 8 , 0  

7, 5  

9 , 5  

4, 0  

4, 0  

5 , 5  

2 , 0  

2 , 5  

3 , 5  

+ 1 , 5  

+ 1 , 5  

+ 2 , 5  

–2 , 0  

–2 , 0  

–2 , 5  

1  6 0 0  

2  0 0 0  

2  5 0 0  

 9 , 5  

1 1 , 0  

1 6 , 5  

5 , 5  

9 , 5  

1 4, 0  

5 , 0  

7 , 0  

1 0 , 0  

+ 2 , 0  

+ 2 , 5  

+ 2 , 5  

–2 , 0  

–4 , 0  

–2 , 5  

3  1 5 0  

4  0 0 0  

5  0 0 0  

 1 7, 0  

1 3 , 5  

1 7, 0  

1 3 , 5  

1 0 , 5  

6 , 0  

9 , 0  

3 , 5  

–3 , 5  

+ 3 , 0  

+ 5 , 0  

+ 7 , 0  

–2 , 0  

–3 , 0  

–8 , 0  

6  3 0 0  

8  0 0 0  

1 0  0 0 0  

 1 7, 0  

1 6 , 5  

1 0 , 5  

2 , 0  

3 , 5  

–1 , 5  

– 

– 

– 

+ 2 , 5  

+ 5 , 0  

+ 6 , 0  

–5 , 0  

–1 0 , 5  

–1 0 , 5  

1 2  5 0 0  

1 6  0 0 0  

 1 1 , 5  

3 , 5  

–0 , 5  

–4, 0  

– 

– 

+ 6 , 0  

+ 6 , 0  

–8 , 5  

–1 1 , 0  

N OTE  1   Th e  fre e  f i e l d - f re q u e n cy re s p o n s e  i s  g i ve n  i n  o n e - twe l ft h - o ct a ve  i n t e rval s  ce n t re d  at  th e  n o m i n al  o n e -
th i rd - o ct a ve  ban d  ce n t re  fre q u e n c i e s .  

N OTE  2  T h e  va l u e s  i n  Tab l e  5  a re  val i d  o n l y  fo r  pi n n a s i m u l ato rs  f o r  h e ari n g  ai d  m e as u re m e n t s  by m e an s  o f  
cyl i n d ri c al  e a r can al  e xt e n s i o n s  acco rd i n g  to  Tab l e  2 .  

N O TE  3  F re e - fi e l d  re s p o n s e s  fo r  0 °  a z i m u t h  an g l e  a re  g i ve n  i n  Tab l e  4 .  

 

4.3.2  Di ffuse-field  frequency response 

Tabl e  6  g i ve s  th e  d i ffu s e - fi e l d  fre q u e n c y re s po n s e  o f  th e  m an i ki n  ( ri g h t  e ar)  e q u i p pe d  wi th  
cyl i n d ri c al l y s h ap e d  e ar  c an al  e x te n s i o n s .   

Th e  n o m i n al  d i ffu s e - fi e l d  fre q u e n c y re s p o n s e s  we re  o btai n e d  fro m  a p o we r ave rag e  o f  th e  
d i ffu s e - fi e l d  fre q u e n c y re s po n s e s  o f  th e  th re e  m an i ki n s  i n  An n e x A an d  An n e x B ,  e xtrac te d  
fro m  [1 6 ] .  Th e  d i ffu s e - fi e l d  fre q u e n c y re s p o n s e  i s  g i ve n  i n  o n e - th i rd - o ctave  fre q u e n c y 
i n te rval s .  
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Table  6  – Di ffuse-field  frequency response of  the manikin  (right  ear)  

One-th i rd -octave band  centre  
frequency 

Di ffuse-fi eld  frequency response  Acceptance i n terval  

H z  d B  d B  

1 0 0  - 0 , 5  + 1 , 5  - 1 , 5  

1 2 5  0 , 0  + 1 , 5  - 1 , 5  

1 6 0  0 , 0  + 1 , 5  - 1 , 5  

    

2 0 0  0 , 5  + 1 , 5  - 1 , 5  

2 5 0  0 , 0  + 1 , 5  - 1 , 5  

3 1 5  0 , 5  + 1 , 5  - 1 , 5  

    

4 0 0  1 , 5  + 1 , 5  - 1 , 5  

5 0 0  2 , 0  + 1 , 5  - 1 , 5  

6 3 0  3 , 5  + 1 , 5  - 1 , 5  

    

8 0 0  3 , 5  + 1 , 5  - 1 , 5  

1  0 0 0  4 , 0  + 1 , 5  - 2 , 0  

1  2 5 0  5 , 0  + 1 , 5  - 1 , 5  

    

1  6 0 0  7 , 0  + 1 , 5  - 2 , 0  

2  0 0 0  1 0 , 5  + 2 , 0  - 2 , 0  

2  5 0 0  1 4 , 0  + 2 , 0  - 2 , 0  

    

3  1 5 0  1 4 , 5  + 2 , 5  - 2 , 0  

4  0 0 0  1 2 , 5  + 2 , 0  - 2 , 0  

5  0 0 0  9 , 5  + 2 , 0  - 2 , 0  

    

6  3 0 0  8 , 0  + 2 , 5  - 2 , 0  

8  0 0 0  8 , 0  + 2 , 5  - 2 , 5  

1 0  0 0 0  

 

5 , 0  

 

+ 3 , 5  

 

- 2 , 5  

 

1 2  5 0 0  

1 6  0 0 0  

2 , 5  

0 , 0  

+ 4 , 5  

+ 6 , 5  

- 2 , 5  

- 4, 0  

N O TE  Th e  val u e s  i n  Ta b l e  6  are  val i d  o n l y  f o r  pi n n a  s i m u l ato rs  f o r  h e ari n g  ai d  m e as u re m e n ts  b y  m e an s  o f  
cyl i n d ri c al  e a r can al  e xt e n s i o n s  acco rd i n g  to  Tab l e  2 .  

 

4.3.3  Acceptance in tervals  

Acc e p tan c e  i n te rval s  o n  th e  m an i ki n  fre e - fi e l d  an d  d i ffu s e - fi e l d  fre q u e n c y re s p o n s e s  are  
s tate d  i n  Tab l e  4 ,  Tab l e  5  an d  Tab l e  6 .  Th e  val u e s  i n c l u d e  th e  acc e ptan ce  i n te rval  i n  th e  
cal i brati o n  o f  th e  o cc l u d e d - e ar s i m u l ato r,  b u t  n o t  th e  fre e - fi e l d  o r  d i ffu s e - fi e l d  s e n s i t i vi t y o f  th e  
m i cro p h o n e .  Th e y are  ro u n d e d  to  th e  n e are s t  0 , 5  d B i n cre m e n t.  

4.3.4  Open ings  

An y o p e n i n g s  fo r  acc e s s  to  th e  i n te ri o r  o f  th e  m an i ki n  o th e r th an  th e  e ars  s h al l  n o t  affe c t  th e  
re s p o n s e s  o f  th e  m an i ki n  as  s p e c i fi e d  i n  4. 3 . 1  an d  4 . 3 . 2 .  
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5 Cal ibration  

5.1  Reference envi ronmental  cond i tions  

Th e  re fe re n c e  e n vi ro n m e n tal  c o n d i ti o n s  are  th e  fo l l o wi n g .  

R e fe re n c e  am bi e n t  pre s s u re :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 1 , 3 2 5  kP a 

R e fe re n c e  te m pe ratu re :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3  ° C  

R e fe re n c e  re l at i ve  h u m i d i t y: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 0  %  

5.2  Cal ibration  method  

5.2. 1  General  

W h e n  d e te rm i n i n g  th e  aco u s ti cal  c h aracte ri s ti cs  o f  th e  m an i ki n ,  n o  wi g  s h al l  be  u s e d  wi th  th e  
h e ad  an d  n o  c l o th i n g  s h al l  be  u s e d  wi th  th e  h e ad  o r to rs o .  I f  th e  h e ad  can  be  i n cl i n e d ,  th e  
u pri g h t  p o s i t i o n  s h al l  b e  u s e d .  I f  th e  l e n g th  o f  th e  n e ck can  be  ad j u s te d ,  th e  n o m i n al  val u e  o f  
" E E P  to  s h o u l d e r"  fro m  Tab l e  1  s h al l  be  u s e d .   

5.2.2  Test  signal ,  test  space and  measurement  equ ipment  

5.2.2.1  Free-fi eld  testing  

Th e  m an i ki n  fre e - f i e l d  fre q u e n c y re s p o n s e  s h al l  b e  m e as u re d  i n  o n e - twe l fth - o c tave  fre q u e n c y 
i n te rval s  at  c e n tre  fre q u e n c i e s  as  g i ve n  i n  th e  I S O  3  R  1 0  pre fe rre d  fre q u e n c y s e ri e s .  

An y s t i m u l u s  pro vi d i n g  ad e q u ate  e n e rg y at  al l  fre q u e n ci e s  o f  i n te re s t  can  be  u s e d  as  te s t  
s i g n al .  

N O TE  1  Th e  te s t  s i g n al  u s e d  i n  [ 1 6 ]  was  a  1 6  s e co n d s  l o n g  e xp o n e n t i al  s we p t  s i n e  fro m  2 0  H z  to  2 5 , 6  kH z .  I ts  
ad van t ag e  i s  a  co n s i d e rab l y i m p ro ve d  s i g n a l - t o - n o i s e  rati o .  Th e  o n e - t we l fth - o c ta ve - b an d  fre q u e n c y re s p o n s e  d at a  
we re  i n  tu rn  cal cu l ate d  fro m  th e  s we p t - s i n e  d at a u s i n g  th e  m e th o d o l o g y g i ve n  i n  [ 2 0 ] .  

Fo r th e  m an i ki n  fre e - f i e l d  fre q u e n c y re s p o n s e ,  th e  te s t  s p ac e  an d  s o u n d  s o u rce  s h al l  to g e th e r 
pro vi d e  an  ap pro x i m ati o n  to  p l an e  p ro g re s s i ve  wave s  i n  fre e - f i e l d  co n d i t i o n s  i n  th e  fre q u e n c y 
ran g e  1 0 0  H z  to  1 0  kH z,  o r  o pt i o n al l y u p  to  1 6  kH z .  

Th e s e  c o n d i ti o n s  are  d e e m e d  to  e x i s t  i f  th e  s o u n d  pre s s u re  l e ve l s  m e as u re d  at  d i s tan ce s  o f  
25 0  m m  fro m  th e  te s t  p o i n t  d o  n o t  d e vi ate  fro m  th e  s o u n d  pre s s u re  l e ve l  at  th e  te s t  p o i n t  b y 
m o re  th an  ± 2  d B  u p to  3 0 0  H z  an d  ± 1  d B  ab o ve  3 0 0  H z .  Th e  m e as u re m e n t  p o i n ts  fo r  te s ti n g  
co m pl i an c e  s h al l  i n cl u d e  two  po i n ts  o n  th e  te s t  axi s ,  re s p e cti ve l y to ward s  an d  awa y fro m  th e  
so u n d  s o u rc e .  Fo u r ad d i t i o n al  m e as u re m e n t po i n ts  i n  th e  te s t  p l an e  s h al l  be  i n c l u d e d :  two  i n  
th e  re f e re n c e  p l an e  o f  th e  m an i ki n ,  to  th e  l e ft  an d  ri g h t  as  vi e we d  fro m  th e  s o u n d  s o u rce ,  an d  
two  o n  th e  ax i s  o f  ro tati o n  abo ve  an d  be l o w th e  te s t  po i n t.  

N O TE  2  Th e  p e rm i t te d  d e vi a ti o n  o f  s o u n d  p re s s u re  l e ve l  re l at i ve  to  t h at  at  t h e  t e s t  po i n t  take s  acco u n t  o f  t h e  
i n ve rs e  re l at i o n s h i p  o f  pre s s u re  wi th  d i s tan ce  a n d  d e vi ati o n s  fro m  t h i s ,  an d  o th e r d e vi at i o n s  d u e  t o  s o u rc e  
d i re ct i o n a l i ty.  

N O TE  3  F o r an  an e c h o i c  ro o m ,  c om p l i an ce  ca n  b e  e xpe ct e d  p ro vi d e d  th at  t h e  t e s t  p o i n t  i s  fu rt h e r t h a n  1  m  a wa y 
fro m  th e  bo u n d ari e s  an d  t h e  s o u n d  s o u rc e  i s  at  l e as t  2  m  fro m  th e  bo u n d ari e s .  

Th e  te s t  s o u n d  s o u rce  s h al l  o n l y co n tai n  co ax i al  e l e m e n ts  o r  a  s i n g l e  d i aph rag m ,  an d  th e  rati o  
o f  th e  m axi m u m  fro n tal  s o u n d  s o u rce  d i m e n s i o n  to  s o u rce  d i s tan ce  s h al l  b e  l e s s  th an  0 , 2 5 .  

N O TE  4  To  avo i d  re fl e ct i o n s ,  t h e  fro n t al  are a o f  th e  s o u n d  s o u rce  b aff l e  can  b e  co ve re d  b y a  s u i t a bl e  s o u n d  
ab s o rb i n g  m ate ri al .  

5.2.2.2  Di ffuse-field  testing  

Th e  m an i ki n  d i ffu s e - fi e l d  fre q u e n c y re s po n s e  s h al l  b e  m e as u re d  i n  o n e - th i rd - o c tave  fre q u e n c y 
i n te rval s  as  g i ve n  i n  I E C  6 1 2 6 0 - 1 .  
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N O TE  1  Th e  t e s t  s i g n al  u s e d  i n  [ 1 6 ]  was  b ro ad ba n d  pi n k n o i s e  i n  th e  fre q u e n c y ra n g e  fro m  2 0  H z  t o  2 5 , 6  kH z .  

W i th  th e  m an i ki n  abs e n t,  th e  s o u n d  pre s s u re  l e ve l  s h al l  b e  m e as u re d  b y m e an s  o f  a  W S 3 P  
m i cro p h o n e  at  s i x  p o s i t i o n s  at  d i s tan c e  o f  1 5 0  m m  abo ve  an d  be l o w,  l e ft  an d  r i g h t,  an d  i n  
fro n t  an d  be h i n d  th e  re fe re n c e  p o i n t  o f  th e  m an i ki n .  Th e  m ax i m u m  pe rm i tte d  d e vi ati o n  o f  th e  
s o u n d  pre s s u re  l e ve l  m e as u re d  at  th e s e  po s i ti o n s  fro m  th e  l e ve l  m e as u re d  at  th e  re f e re n ce  
po i n t  o f  th e  m an i ki n  i s  ± 2 , 5  d B .  I n  ad d i t i o n ,  th e  d i f fe re n ce  b e twe e n  th e  l e ft  an d  ri g h t  p o s i t i o n s  
shal l  be  ≤  3  dB.   

Fu rth e r,  th e  s o u n d  pre s s u re  l e ve l  at  th e  re fe re n ce  p o i n t  s h al l  be  m e as u re d  b y m e an s  o f  a  
d i re c ti o n al  m i cro p h o n e  i n  d i ffe re n t  d i re cti o n s  at  fre q u e n c i e s  o f  5 0 0  H z  an d  ab o ve .  Fo r a  
d i re c ti o n al  m i cro ph o n e  wi th  a fro n t  to  ran d o m  s e n s i t i vi t y i n d e x  o f  5  d B  o r  m o re ,  th e  m axi m u m  
d i ffe re n ce  o f  s o u n d  pre s s u re  l e ve l s  fo r m axi m u m  an d  m i n i m u m  re ad i n g s  o f  th e  i n c i d e n t  s o u n d  
e n e rg y s h al l  b e  5  d B  o r l e s s .  F o r  a  d i re cti o n al  m i cro p h o n e  wi th  a fro n t  to  ran d o m  s e n s i ti vi t y  
i n d e x  o f  4, 5  d B ,  th e  al l o wab l e  f i e l d  vari at i o n  i s  4 , 5  d B  an d  fo r  th o s e  wi th  a  fro n t  to  ran d o m  
s e n s i t i vi t y i n d e x  o f  4  d B ,  th e  al l o wab l e  f i e l d  vari ati o n  i s  4  d B.  

N O TE  2  Th e s e  re q u i re m e n t s  are  al s o  s p e ci f i e d  i n  I S O  4 8 6 9 - 1  fo r  t h e  ch e c ki n g  o f  th e  ch ara cte ri s t i cs  o f  th e  d i ff u s e  
s o u n d  f i e l d  fo r  h e ari n g  p ro t e c to r te s t i n g .  

5.2.2.3  Posi t ion ing  of  the manikin  

Th e  te s t  s p ace  s h al l  b e  e q u i p pe d  wi th  f i x tu re s  pe rm i tt i n g  an  accu rate  an d  re pe atab l e  
po s i t i o n i n g  an d  c al i brati o n  o f  th e  m an i ki n  wi th  re s pe ct  to  th e  s e l e cte d  te s t  po i n t.  

5.2.2.4  Extraneous  background  noise  

Th e  e ffe cti ve  s o u n d  pre s s u re  l e ve l  o f  e x tran e o u s  backg ro u n d  n o i s e  i n  th e  m e as u re m e n t 
fre q u e n c y i n te rval  s h al l  b e  at  l e as t  1 5  d B  l e s s  th an  th e  s o u n d  pre s s u re  l e ve l  i n  th e  fre q u e n c y 
i n te rval  o f  th e  te s t  s i g n al .  

5.2.3  Measurement  of  sound  pressure level  

Th e  fre e - f i e l d  s e n s i ti vi ty l e ve l  an d  th e  d i ffu s e - fi e l d  s e n s i t i vi t y l e ve l  o f  th e  re f e re n ce  
m i cro p h o n e s  u s e d  to  m e as u re  th e  u n o bs tru cte d  f re e - fi e l d  s o u n d  pre s s u re  l e ve l  an d  d i ffu s e -
fi e l d  s o u n d  pre s s u re  l e ve l  s h al l  be  kn o wn  b y cal i brati o n  wi th  an  e x pan d e d  m e as u re m e n t 
u n c e rtai n t y ( co ve rag e  f acto r  k =  2 )  o f  n o  m o re  th an  0 , 5  d B  fo r  fre q u e n c i e s  u p  to  5  kH z ,  o f  n o  
m o re  th an  1 , 0  d B  fro m  6 , 3  kH z  to  1 0  kH z an d  o f  n o  m o re  th an  1 , 2  d B  fro m  1 1  kH z to  1 6  kH z .  

Th e  c al i brati o n  o f  th e  o ccl u d e d - e ar s i m u l ato r s h al l  co n fo rm  to  th e  re q u i re m e n ts  i n   
I E C  6 0 3 1 8 - 4.   

Th e  d e s i g n  o f  th e  m an i ki n  s h o u l d  e n ab l e  pre s s u re  cal i brati o n  u s i n g  a s o u n d  cal i brato r o r  
p i s to n p h o n e  to  be  pe rf o rm e d  wi th o u t  th e  re m o val  o f  th e  o ccl u d e d - e ar s i m u l ato r.  An y 
acce s s o ri e s  o r  ad ap to rs  n e c e s s ar y fo r th i s  cal i brati o n  s h al l  b e  pro vi d e d  b y th e  m an u factu re r.  
Th e  fre q u e n c y at  wh i c h  th e  c al i brati o n  i s  co n d u cte d  an d  an y l e ve l  o ffs e t  to  b e  ap p l i e d  to  th e  
n o m i n al  cal i brati o n  l e ve l  o f  th e  s o u n d  c al i brato r  o r  p i s to n ph o n e  s h al l  b e  s tate d .  

H arm o n i c  d i s to rti o n  o f  th e  m e as u re m e n t s ys te m ,  i n cl u d i n g  th e  s o u n d  s o u rce  ( m e as u re d  b y 
m e an s  o f  p u re - to n e  s i g n al s )  s h al l  n o t  e xc e e d  2  % i n  th e  fre q u e n c y ran g e  fro m  1 0 0  H z  to  
1 6  0 0 0  H z  an d  at  s o u n d  pre s s u re  l e ve l s  e n c o u n te re d .  

Th e  cal i brati o n  s h o u l d  b e  p e rfo rm e d  u n d e r th e  re fe re n c e  e n vi ro n m e n tal  co n d i t i o n s  g i ve n  i n  
5. 1  wi th  th e  fo l l o wi n g  acc e p tan c e  i n te rval s .  

Am bi e n t  pre s s u re :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ±3 , 0 0 0  kP a 

Te m pe ratu re :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ±2 , 5 ° C  

R e l ati ve  h u m i d i t y:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ±1 5 , 0  %  
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I f  i t  i s  n o t  p o s s i b l e  to  co m pl y wi th  th e s e  re q u i re m e n ts ,  th e  actu al  e n vi ro n m e n tal  co n d i t i o n s  
s h al l  b e  s tate d .  

Th e  m an i ki n  fre q u e n c y re s p o n s e s  s h al l  be  d e te rm i n e d  b y o n e - twe l f th - o ctave  an al ys i s  fo r th e  
fre e  f i e l d  an d  o n e - th i rd - o ctave  an al ys i s  fo r th e  d i ffu s e  f i e l d .  

N O TE  F o r d e tai l e d  i n fo rm ati o n  o n  a  m e th o d  o f  d e t e rm i n i n g  th e  fre q u e n cy re s p o n s e  s p e ci f i cat i o n ,  s e e  [ 1 6 ] .  

5.2.4  Al i gnment  of  man ikin  azimuth  and  elevation  

Th e  azi m u th  an d  e l e vati o n  an g l e  s h al l  be  al i g n e d  wi th i n  to l e ran c e  l i m i ts  o f  ± 2 , 0 °  aro u n d  th e  
d e s i g n  g o al .  

5.2.5  Test  for  sound  l eakage  

W i th  th e  e ar  can al  u n d e r  te s t  e ffe cti ve l y s e al e d  fro m  e xte rn al  s o u n d  b y th e  d e vi ce  u n d e r  te s t  
at  th e  re f e re n c e  p l an e  o f  th e  o cc l u d e d - e ar s i m u l ato r  an d  th e  o th e r e ar  can al  b l o cke d ,  th e  
m e as u re m e n ts  d e s cri be d  i n  4. 3  s h al l  g i ve  re s u l ts  at  l e as t  3 5  d B  l o we r th an  co rre s p o n d i n g  
re s u l ts  wi th  b o th  e ar c an al s  o p e n .  

S u i tab l e  p l u g s  o r  e q u i val e n t  arran g e m e n ts  fo r ch e cki n g  th e  co n fo rm an ce  o f  th i s  re q u i re m e n t  
wi th o u t  d i s as s e m bl i n g  th e  m an i ki n  e xte rn al  e ar  s h o u l d  b e  pro vi d e d  b y th e  m an u factu re r.  

6 Marking  and  instruction  manual  

6.1  Markings of  the manikin  

6. 1 . 1  A m an i ki n  c o m pl yi n g  wi th  th i s  d o c u m e n t s h al l  b e  m arke d  wi th  th e  m an u factu re r’ s  
n am e  o r  trad e  m ark,  th e  m o d e l  o f  th e  m an i ki n ,  an d  th e  d ate  o f  m an u factu re .   

6. 1 .2  Th e  p i n n a s i m u l ato rs  u s e d  wi th  a m an i ki n  s h al l  be  m arke d  wi th  th e  m o d e l  o r  s i m i l ar 
i d e n ti f i cati o n .  Th i s  m arki n g  s h o u l d  be  vi s i b l e  wi th o u t  re m o val  o f  th e  pi n n a s i m u l ato r fro m  th e  
h e ad .  

6. 1 .3  To  faci l i tate  azi m u th  al i g n m e n t,  th e  to rs o  s h al l  be  e q u i pp e d  wi th  m arki n g s  i n d i c ati n g  
th e  d i re cti o n  o f  0 °  az i m u th .  

I f  th e  h e ad  i s  re m o vabl e  fro m  th e  to rs o ,  b o th  s h al l  b e  pro vi d e d  wi th  m arki n g s  to  e n s u re  
co rre ct  al i g n m e n t.   

6. 1 .4  To  as s i s t  re pro d u c i b l e  p l ace m e n t  o f  h e ari n g  ai d s  o r  o th e r d e vi c e s  u n d e r te s t  i n  an d  
aro u n d  th e  p i n n a s i m u l ato r,  th e  h e ad  s u rf ace s  i n  th e  i m m e d i ate  vi c i n i t y o f  th e  p i n n a 
s i m u l ato rs  m ay b e  e q u i p pe d  wi th  co o rd i n ate  ax i s  m arki n g s .  Th e  co o rd i n ate  ax e s  s h o u l d  be  
paral l e l  to  th e  ax i s  o f  ro tati o n  (y- ax i s )  an d  th e  re fe re n ce  p l an e  o f  th e  m an i ki n  (x- ax i s )  
re s p e c ti ve l y.  Val u e s  o n  th e  x- ax i s  s h o u l d  be  p o s i t i ve  to ward s  th e  fro n t  o f  th e  m an i ki n ,  an d  o n  
th e  y- ax i s  p o s i t i ve  to ward s  th e  ve rte x.  

6.2  Instruction  manual  

An  i n s tru cti o n  m an u al  s h al l  b e  s u pp l i e d  wi th  th e  m an i ki n  an d  s h al l  i n c l u d e  at  l e as t  th e  
i n fo rm ati o n  l i s te d  b e l o w:  

a)  th e  m o d e l  o f  m an i ki n  fo r wh i c h  co m pl i an ce  wi th  th i s  d o c u m e n t  i s  cl ai m e d ,  a  d e s cri p ti o n  o f  
th e  f aci l i t i e s  pro vi d e d  an d  fu l l  o p e rati n g  i n s tru c ti o n ;  

b)  th e  m e an  h e ad  an d  to rs o  d i m e n s i o n s  o f  th e  m o d e l  ( s e e  Tab l e  1 ) ;  

c)  th e  m o d e l  o r  s i m i l ar  i d e n ti f i cati o n  o f  ri g h t  an d  l e ft  pi n n ae  wi th  c yl i n d ri c al l y f o rm e d  e ar  
can al  e x te n s i o n  fo r  wh i ch  th e  m an i ki n  c o m pl i e s  wi th  th i s  d o c u m e n t  an d  th e  m e an  
d i m e n s i o n s  o f  th e s e  p i n n ae  ( s e e  Tab l e  2 )  to g e th e r  wi th   acce p tan c e  i n te rval s ;  



 – 2 4  – I E C  6 0 3 1 8 - 7: 2 0 1 7   I E C  2 0 1 7  

d )  i f  pro vi d e d ,  th e  m o d e l  o r  s i m i l ar i d e n ti f i c ati o n  o f  ri g h t  an d  l e ft  p i n n ae  wi th  tape re d  e ar 
can al  e x te n s i o n  fo r wh i ch  th e  m an i ki n  c o m pl i e s  wi th  th i s  d o c u m e n t  an d  th e  m e an  
d i m e n s i o n s  o f  th e s e  p i n n ae  ( s e e  Tab l e  3 )  to g e th e r  wi th  acce ptan c e  i n te rval s ;  

e)  th e  m e an  fre e - f i e l d  fre q u e n c y re s po n s e  o f  th e  m an i ki n  fo r  azi m u th  an g l e s  o f  0 ° ,  9 0 ° ,  1 8 0 °  
an d  2 7 0 °  fo r th e  p i n n ae  wi th  c yl i n d ri c al l y f o rm e d  e ar  c an al  e xte n s i o n s ;  

f)  th e  m e an  d i ffu s e - fi e l d  fre q u e n c y re s p o n s e  o f  th e  m an i ki n  fo r th e  p i n n ae  wi th  c yl i n d ri cal l y  
fo rm e d  e ar  can al  e xte n s i o n s ;  

g )  a  d e s cri pti o n  o f  a  s u i tab l e  d e vi c e  to  b l o ck th e  e ar  can al  d u ri n g  th e  te s t  fo r  s o u n d  l e akag e  
( s e e  5 . 2 . 5 ) ;   

h )  th e  c o m pl i an ce  t i m e  i n te rval  fo r  th e  h ard n e s s  o f  th e  p i n n a s i m u l ato rs ;  

i )  th e  m e an  ac o u s ti c al  c h aracte ri s ti cs  o f  th e  m an i ki n  as  re q u i re d  i n  I E C  6 0 1 1 8 - 8 .  

7 Maximum permitted  uncertainty of  measurements  

Tabl e  7  s p e ci f i e s  th e  m axi m u m  pe rm i tte d  u n c e rtai n t y o f  m e as u re m e n t  Um a x  fo r  a  c o n f i d e n ce  
pro b ab i l i t y o f  ap pro x i m ate l y 9 5  % e q u i val e n t  to  a  co ve rag e  facto r o f  k =  2 ,  as s o c i ate d  wi th  th e  
m e as u re m e n ts  u n d e rtake n  i n  th i s  d o cu m e n t  ( s e e  I S O/I E C  G u i d e  9 8 - 4 ) .  O n e  s e t  o f  val u e s  fo r  
Um ax  i s  g i ve n  fo r  t yp e  ap pro val  m e as u re m e n ts .  

Th e  u n c e rtai n t i e s  o f  m e as u re m e n ts  g i ve n  i n  Tabl e  7  are  th e  m axi m u m  pe rm i tte d  fo r  
d e m on s trati o n  o f  co n fo rm an ce  to  th e  re q u i re m e n ts  o f  th i s  d o cu m e n t.  I f  th e  ac tu al  u n c e rtai n t y 
o f  a  m e as u re m e n t  p e rfo rm e d  b y th e  te s t  l ab o rato ry e xc e e d s  th e  m axi m u m  pe rm i tte d  val u e  i n  
Tabl e  7,  th e  m e as u re m e n t s h al l  n o t  be  u s e d  to  d e m o n s trate  c o n fo rm an c e  to  th e  re q u i re m e n ts  
o f  th i s  d o cu m e n t.  

Th e  re l at i o n s h i p  b e twe e n  to l e ran ce  i n te rval ,  c o rre s p o n d i n g  acce ptan c e  i n te rval  an d  th e  
m axi m u m - pe rm i tte d  u n ce rtai n t y o f  m e as u re m e n t i s  e x p l ai n e d  i n  An n e x C .  
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Table  7  – Maximum permitted  uncertainty Umax  for type approval  measurements  

Requ i rement  Relevant  subcl ause number  Maximum  permi tted  uncertain ty 

U
m a x

 

H e a d  an d  t o rs o  d i m e n s i o n s  4. 2 . 1  1 , 0  m m  

P i n n a d i m e n s i o n s  4. 2 . 2  1 , 0  m m  

D i am e te r o f  e ar ca n al  e xt e n s i o n  4. 2 . 3  0 , 5  m m  

Le n g t h  o f  e ar ca n al  e xt e n s i o n  4. 2 . 3  0 , 5  m m  

S h o re - O O  h a rd n e s s  4. 2 . 5  1 , 0 °  

F re e - fi e l d  fre q u e n c y re s p o n s e  o f  th e  
m an i ki n  

4. 3 . 1   

1 0 0  H z  t o  1  2 5 0  H z  

1  6 0 0  H z  to  6  3 0 0  H z  

8  0 0 0  H z  to  1 6  0 0 0  H z  

 0 , 5  d B  

0 , 7  d B  

1 , 0  d B  

D i ffu s e - fi e l d  f re q u e n cy re s po n s e  o f  
th e  m an i ki n  

4. 3 . 2   

1 0 0  H z  t o  1  2 5 0  H z  

1  6 0 0  H z  to  1 2  5 0 0  H z  

1 6  0 0 0  H z  

 0 , 5  d B  

0 , 7  d B  

1 , 0  d B  

Az i m u th  an g l e ,  e l e vat i o n  an g l e  an d  
pi n n a an g l e   

4. 2 . 2 ,  4 . 3 . 1 ,  5 . 2 . 4  0 , 5  °  

D i s to rt i o n  o f  m e as u re m e n t  s ys te m  5 . 2 . 3  0 , 2  %  

M i c ro p h o n e  fre e - f i e l d  an d  d i ffu s e -
fi e l d  s e n s i t i vi t y  l e ve l s  

5 . 2 . 3   

1 0 0  H z  t o  5  0 0 0  H z  

6  3 0 0  H z  to  1 0  0 0 0  H z  

1 1  0 0 0  to  1 6  0 0 0  H z  

 0 , 5  d B  

1 , 0  d B  

1 , 2  d B  

Am b i e n t  pre s s u re  5 . 2 . 3  0 , 1  kP a 

Te m p e ratu re  5 . 2 . 3  0 , 5 ° C  

R e l at i ve  h u m i d i ty  5 . 2 . 3  5 , 0  %  
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Annex A 
( i n fo rm ati ve )  

 
Design  example of an  anatomical ly shaped  manikin   

A co m m o n l y u s e d  d e s i g n  o f  an  an ato m i c al l y s h ap e d  m an i ki n  i s  s h o wn  i n  F i g u re  A. 1 .   

 

Figure A. 1  – Example of  an  anatomical ly shaped  man ikin  

IEC  
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Annex B  
( i n fo rm ati ve )  

 
Design  examples of  a  geometrical l y shaped  manikin   

A co m m o n l y u s e d  d e s i g n  o f  a  g e o m e tri c al l y s h ap e d  m an i ki n  i s  s h o wn  i n  F i g u re  B . 1 .  

 

Figure B. 1  – Example 1  of  a  g eometrical ly shaped  manikin   

  

IEC  
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A c o m m o n l y u s e d  d e s i g n  o f  a n o th e r  g e o m e tri cal l y s h ap e d  m an i ki n  i s  s h o wn  i n  F i g u re  B . 2 .  

 

N O TE  Th e  g e o m e t ri c  to rs o  p art  o f  th i s  m an i ki n  d o e s  n o t  af fe ct  m e as u re m e n t  o f  s o u n d  at  th e  m i c ro p h o n e  o f  t h e  
o cc l u d e d - e ar s i m u l at o r ( s e e  [ 1 6 ] ) .  

Figure B.2  – Example 2  of  a  g eometrical ly shaped  manikin  

 

IEC  
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Annex C  
( i n fo rm ati ve )  

 
Relationship between  tolerance interval ,  corresponding  acceptance 

interval  and  the  maximum permi tted  uncertainty of measurement  

Th i s  d o c u m e n t,  i n  co m m o n  wi th  o th e rs  wri tte n  b y I E C /TC  2 9 ,  u s e s  ad aptati o n s  o f  th e  
g u i d e l i n e s  fro m  I S O/I E C  G u i d e  9 8 - 4  ( e q u i val e n t  to  g u i d an c e  d o c u m e n t J C G M  1 0 6  fro m  th e  
J o i n t  C o m m i tte e  fo r G u i d e s  i n  M e tro l o g y) ,  as  th e  bas i s  fo r  d e m o n s trati o n  o f  co n fo rm an ce  o f  
an  i n s tru m e n t  to  th e  s p e c i fi cati o n s  g i ve n  i n  th i s  d o cu m e n t.  

I S O/I E C  G u i d e  9 8 - 4  d e s cri be s  g u ard e d  acce ptan ce  i n  te rm s  o f  to l e ran ce  i n te rval s ,  
acce p tan c e  i n te rval s  an d  u n c e rtai n ti e s  o f  m e as u re m e n t.   

To  pro m o te  c l ari t y fo r u s e rs  an d  te s t i n g  l abo rato ri e s ,  I E C /TC  2 9  h as  ad o p te d  a p o l i c y wh e re b y 
to l e ran ce  l i m i ts  aro u n d  d e s i g n  g o al s  are  n o t  e xp l i ci t l y s tate d ,  b u t  c an  be  d e te rm i n e d  i f  
re q u i re d  fro m  th e  s p e c i fi e d  acce p tan ce  l i m i ts  fo r al l o we d  d e vi ati o n s  fro m  a d e s i g n  g o al  an d  
th e  co rre s po n d i n g  s p e c i f i e d  m axi m u m - pe rm i tte d  u n c e rtai n t y o f  m e as u re m e n t,  b y u s i n g  th e  
i l l u s trat i o n  i n  F i g u re  C . 1 .  

 

Key  

AI  acce pt an ce  i n t e rval  

TI  t o l e ran ce  i n te rval  

U
m a x

 g u a rd  b an d  fo r  t h e  m a xi m u m - p e rm i t te d  u n ce rtai n ty o f  m e as u re m e n t  fo r  a  9 5  %  co ve rag e  i n t e rval   

A
L

 l o we r acc e p t an ce  l i m i t   

A
U

 u pp e r ac ce pt an ce  l i m i t   

T
L

 l o we r t o l e ran c e  l i m i t  

T
U

 u pp e r to l e ran ce  l i m i t  

Figure C. 1  – Relationsh ip  between  tolerance  in terval ,  correspond ing  acceptance 
in terval  and  the  maximum  permitted  uncertain ty of  measurement  

Th e  l i m i ts  o f  an  acc e p tan ce  i n te rval  are  as s o ci ate d  wi th  th e  acc e p tan ce  i n te rval  an d  n o t  wi th  
th e  g u ard  ban d  fo r th e  m axi m u m - pe rm i tte d  u n c e rtai n t y o f  m e as u re m e n t.  H e n c e ,  a  m e as u re d  
d e vi ati o n  e q u al  to  a  l i m i t  o f  an  acce p tan c e  i n te rval  d e m o n s trate s  co n f o rm an ce  to  a  
s pe ci f i cati o n ,  pro vi d i n g  al s o  th at  th e  u n c e rta i n ty o f  th e  m e as u re m e n t fro m  th e  l ab o rato r y 
pe rf orm i n g  a te s t  d o e s  n o t  e xce e d  th e  s p e ci f i e d  m axi m u m - pe rm i tte d  u n ce rtai n t y.  

IEC  

Um a x  Um a x  

AI  

TI  
AL  AU  

TL  TU  
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Annex D  
( i n fo rm ati ve )  

 
3D representation  of example pinna simulators  

D.1  Background  

Th e  p u rpo s e  o f  An n e x  D  i s  to  i l l u s trate  e xam p l e s  o f  p i n n a s i m u l ato r  s h ap e s ,  to  s u p pl e m e n t  
th e  s p e c i f i c ati o n  o f  th e  bas i c  g e o m e tri cal  d e tai l s  g i ve n  i n  4 . 2 . 2  an d  4. 2 . 3 .  Th e  e xam p l e  
i l l u s trat i o n s  h ave  b e e n  pro d u ce d  b y a 3 - d i m e n s i o n al  s u rfac e  s can n i n g  te ch n i q u e  re s u l t i n g  i n  a  
d e n s e  s e t  o f  (x,  y,  z)  co - o rd i n ate s  th at  pro vi d e  a  re p re s e n tati o n  o f  th e  e x te rn al  s u rf ace  o f  th e  
p i n n a s i m u l ato r.  Th i s  s can n i n g  pro ce s s  c an  al s o  be  u s e d  fo r th e  m e as u re m e n t o f  i n d i vi d u al  
p i n n a s i m u l ato rs  fo r o btai n i n g  d e tai l e d  i n fo rm ati o n  co n c e rn i n g  th e i r  d i m e n s i o n al  an d  
g e o m e tri cal  ch aracte ri s t i cs .  

D.2  Scanning  technique 

Th e  g e o m e tri cal  fo rm  o f  e ac h  p i n n a s i m u l ato r e x am pl e  was  m e as u re d  u s i n g  a s c an n i n g  l as e r  
pro b e  th at  pro j e cts  a l as e r l i n e  o n to  th e  s am p l e .  R e f l e cte d  l i g h t  i s  cap tu re d  b y a c am e ra 
m o u n te d  i n  th e  s can n e r h e ad  an d  a tri an g u l at i o n  pro c e s s  i s  u s e d  to  d e te rm i n e  co - o rd i n ate  
po s i t i o n s .  C o l l e ct i ve l y,  th e s e  co - o rd i n ate s  re pre s e n t  th e  g e o m e tri cal  fo rm  o f  th e  s am pl e .  

Th e  m e as u re m e n t  u n c e rtai n t y i s  e s t i m ate d  to  be  o f  th e  o rd e r o f  0 , 1  m m .  Th e  re s u l ts  fro m  
m e as u re m e n ts  o f  p art i cu l ar art i f i c i al  pi n n a  s am p l e s  s h o we d  a  d e pe n d e n c e  o n  o ri e n tati o n  d u e  
to  th e  i n f l u e n c e  o f  g ravi ty.  Vari at i o n s  o f  ap pro x i m ate l y 0 , 5  m m ,  m ai n l y at  th e  h e l i x ,  we re  
o bs e rve d  be twe e n  h o ri z o n tal  an d  ve rt i cal  o ri e n tati o n s .  C o n s e q u e n tl y,  th e  o ri e n tati o n  s h o u l d  
be  s tate d  wh e n  re fe rri n g  to  an y p arti c u l ar  g e o m e tri c al  fo rm .  Th e  e xam p l e s  s h o wn  re l ate  to  th e  
h o ri zo n tal  o ri e n tati o n  o f  th e  bas e  o n  wh i ch  th e  p i n n a s i m u l ato r re s ts .    

A ke y as pe c t  o f  th e  s c an n i n g  pro ce s s  i s  th e  d e fi n i t i o n  o f  th e  co - o rd i n ate  s ys te m  o ri g i n  an d  
o ri e n tati o n  wi th  re s p e ct  to  part i cu l ar p i n n a s i m u l ato r f e atu re s .  Th e  re c o m m e n d e d  c o n ve n ti o n  
to  b e  u s e d  i s  b as e d  o n  a re ctan g u l ar co - o rd i n ate  s ys te m  (x,  y,  z) ,  wi th  th e  o ri g i n  ( 0 ,  0 ,  0 )  at  
th e  E E P .  Th e  y- axi s  i s  th e n  co n s i d e re d  to  b e  p aral l e l  to  th e  ax i s  fro m  wh i c h  th e  ve rti cal  t i l t  i s  
m e as u re d  an d  th e  x- ax i s  i s  p e rp e n d i cu l ar  to  th i s .  Th e  z- ax i s  i s  take n  as  th e  c e n tre  l i n e  
th ro u g h  th e  e ar  can al  e xte n s i o n .  

S i n c e  i t  i s  d i ff i c u l t  to  d e te rm i n e  th e s e  ax e s  i n  th re e  d i m e n s i o n s  fro m  th e  two - d i m e n s i o n al  
re p re s e n tati o n s  g i ve n  i n  Fi g u re  4 ,  s o m e  as s u m pti o n s  n e e d  to  b e  m ad e  o n  th e  fo rm  o f  th e  
p i n n a s i m u l ato r.  F i rs t,  th e  b as e  o n  wh i ch  th e  p i n n a s i m u l ato r re s ts  ( i . e .  th e  l o we r s u rfac e  
i l l u s trate d  i n  th e  cro s s - s e cti o n  vi e ws  o f  Fi g u re  4)  i s  as s u m e d  to  b e  paral l e l  to  th e  x-y  p l an e ,  
an d  s e c o n d  th at  th e  o ri e n tati o n  o f  th e  ve rt i cal  y- ax i s  i s  c l e ar,  o r  i n d i c ate d  fo r e xam p l e  b y 
m arki n g s  o n  th e  p i n n a s i m u l ato r.  Th e  s c an n i n g  pro ce s s  c an  i d e n ti f y th e  p l an e  o f  th e  e ar can al  
e n tran c e ,  wh i ch  i s  as s u m e d  to  b e  p aral l e l  to  th e  p i n n a s i m u l ato r b as e ,  e n ab l i n g  th e  h e i g h t  ( z-
co o rd i n ate s )  o f  th e  s c an n e d  po i n ts  to  b e  re fe rre d  to  th i s  p l an e .  

D.3  Examples of  pinna simulator shape  

I l l u s trati o n s  are  pro vi d e d  i n  F i g u re s  D . 1  a)  to  c )  ( e xte rn al  3 D  P D F s )  fo r  th re e  e x am pl e  p i n n a 
s i m u l ato r m o d e l s ,  i n te n d e d  f o r u s e  wi th  th e i r  re s pe c ti ve  m o d e l  o f  m an i ki n  ( s e e  An n e x e s  A  
an d  B ) .  Fu rth e r,  e ach  t ype  o f  p i n n a s i m u l ato r  m a y h ave  a  c yl i n d ri cal  o r  tap e re d  e ar  can al  
e xte n s i o n .  
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a)  Pinna simu lator  for the 
anatomical ly shaped  

man ikin  example g iven  in  
Annex A 

b)  Pinna  simulator for the  
geometrical ly shaped  manikin  
example 1  g iven  in  Annex B  

c)  Pinna simu lator  for the 
geometrical ly shaped  

man ikin  example 2  g iven  
in  Annex B  

N O TE  Th e  3 D  i m ag e s  can  b e  m an i p u l at e d  i n t e ract i ve l y  b y  cl i c ki n g  o n  th e  re d  d ra wi n g  pi n  i c o n  fo u n d  o n  th e i r  
s tati c  re pre s e n t at i o n s .  Th e  i n t e ract i ve  fe atu re s  i n c l u d e :  m an i p u l ati o n  o f  th e  vi e wi n g  an g l e ,  m e as u re m e n t  o f  
d i m e n s i o n s  an d  vi e wi n g  o f  c ro s s - s e ct i o n s .  F o r t h e  co n ve n i e n ce  o f  t h e  u s e r,  t h e s e  i m ag e s  are  al s o  avai l a b l e  o n  a  
s o ftware  s u pp l e m e n t.  

Figure D. 1  – (Embedded  3D PDFs)  – Examples  of  a  p inna simu lator  

P i n n a s i m u l ato rs  m ay b e  m an u fac tu re d  i n  l e ft- h an d  an d  ri g h t- h an d  ve rs i o n s .  O n l y l e ft  h an d  
ve rs i o n s  are  i l l u s trate d  i n  An n e x  D .  

D.4  Veri fication  of  conformance 

Th e  m e as u re m e n t pro ce s s  d e s cri be d  i n  C l au s e  D . 2  can  al s o  b e  u s e d  to  ve ri f y d i m e n s i o n al  
ch arac te ri s ti cs  o f  an  i n d i vi d u al  p i n n a s i m u l ato r wi th  th e  s p e c i f i c ati o n s  d e s cri be d  i n  4. 2 . 2  an d  
4. 2 . 3 .  C o m m e rci al  s o ftware  i s  avai l ab l e  to  an al ys e  th e  d ata f i l e  p ro d u ce d  fro m  th e  s can n i n g .  
T yp i cal l y,  s u ch  s o ftware  e n ab l e s  l i n e ar d i m e n s i o n s  be twe e n  s e l e cte d  po i n ts ,  an d  an g l e s  
be twe e n  d e fi n e d  l i n e s  an d  p l an e s  to  b e  d e te rm i n e d .  Th i s  s o ftware  c an  th e re fo re  b e  u s e d  to  
ve ri f y th e  s p e c i f i c ati o n s  g i ve n  i n  Tab l e  2  an d  Tab l e  3 .  Th e  s o ftware  t yp i cal l y al s o  e n ab l e s  
d e vi at i o n s  be twe e n  two  s e ts  o f  d ata to  be  an al ys e d .  
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