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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS -
SIMULATORS OF HUMAN HEAD AND EAR -

Part 7: Head and torso simulator
for the measurement of hearing aids

FOREWORD

1) Theg International Electrotechnical Commission (IEC) is a worldwide organizatio prising
all |national electrotechnical committees (IEC National Committees). d pgromote
intgrnational co-operation on all questions concerning standardization in¢he etectricaliand e ic figdlds. To

this| end and in addition to other activities, IEC publishes Internatio al tandar e S ifigations,
Teghnical Reports, Publicly Available Specifications (PAS) and 5 “IEC
Pulllication(s)”). Their preparation is entrusted to technical committees; i i interested

in fhe subject dealt with may participate in this preparato . i governmental and non-
governmental organizations liaising with the IEC also partici i is ion, IEC collaborates |closely
withh the International Organization for Standardization (IS in a a with/conditions determiped by
agrgement between the two organizations.

2) Thqg formal decisions or agreements of IEC6n chn ca g early as possible, an interrnjational
conisensus of opinion on the relevant subj techhical committee has representation ffom all
intgrested IEC National Committees.

3) IEQ Publications have the form of recommgndations ational use and are accepted by IEC National
Committees in that sense. While all reasonable

effortsicare ‘made\to ensure that the technical content|of IEC
Pulbllications is accurate, e ible the way in which they are used or for any
misjnterpretation by any end’user.

4) In ¢rder to promote inte i i Nationa
trarjsparently to the maximum i i i

Committees undertake to apply IEC Publications
ational and regional publications. Any divgrgence

betyeen any IEC Publicati d the corresponding national or regional publication shall be clearly indidated in
the|latter.

5) IEQ itself does n vide_any attestation of\conformity. Independent certification bodies provide corfformity
assessment services and in” se 2 ccéss to IEC marks of conformity. IEC is not responsible for any
seryices carried o

6) All psers should ensure latest edition of this publication

7) No [iability ghall attach to its, directors, employees, servants or agents including individual expets and
members_of its techniealeemmittee’s and IEC National Committees for any personal injury, property danfjage or
other damage \of 3 nature whatsoever, whether direct or indirect, or for costs (including legal feqs) and
expgenses_arisingsout ~of the) publication, use of, or reliance upon, this IEC Publication or any other IEC

Puflications

8) Attgntion is“dra e Normative references cited in this publication. Use of the referenced publicafions is
indispengable for th correct application of this publication.

9) Attgntioh,is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patentyrights, IEC shall not be held responsible for identifying any or all such patent rights

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC/TS 60318-7, which is a technical specification, has been prepared by IEC technical
committee 29: Electroacoustics.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
29/716/DTS 29/729A/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list pf all parts of the IEC 60318 series, published under the general titleEfectroacoustics —
Simulptors of human head and ear, can be found on the IEC website.

The committee has decided that the contents of this publication
the sfability date indicated on the IEC web site under "http://w
relatefd to the specific publication. At this date, the publication w

» trgnsformed into an International standard,
* regonfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

A bilingual version of this document ma ate.
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INTRODUCTION

This technical specification describes a head and torso simulator for hearing aid
measurements. It has been developed as a revision of IEC/TR 60959 (1990). The main
changes, as compared to the technical report, are the insertion of maximum permitted
expanded measurement uncertainties and additional references in the Bibliography. A future

IEC Standard which will include additional models of head and torso simulators for hearing aid
measurements is planned.

@%
S
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ELECTROACOUSTICS -
SIMULATORS OF HUMAN HEAD AND EAR -

Part 7: Head and torso simulator
for the measurement of hearing aids

1 Scope

This part of IEC 60318 describes a head and torso simulator (manikin) intended, for the
meastirement of air-conduction hearing aids in the frequency range from 1 z 10,40 000 Hz.
The device consists of a head mounted on a torso that extends ic ai ~ ad is
equipped with simulated pinnae and with cylindrical cavities havi 3 ic\i Hance
terminations and microphones located at positions correspondi thosg, 0 ms in
a medlian human adult. It has been designed to provide aco i i imi b that

encountered around the median human head and torso.

The device with its present pinna simulator, howeve : ent of
all tyfes of hearing aids. For example, most in-the-€ E C -in- canal
(CIC)|hearing aids cannot be measured correctly

The manikin is specified in terms of\both, i eometrical dimensions and its acoustical

propefties.

NOTE i i i substantially from similar results obtainedl on an
individgal person, due to anatopficakvaria

NOTE R The median value N q d ere drawn from the population samples defgcribed
in [5]7.

NOTE B It is ack @- evicesi conferming to this part of IEC 60318 are also used as the bdasis for
applications extendingvbeyond\this S gpe- In such cases it is recommended that any design variations that are
necesspry are documented, and th a al @nalysis of the measurement data be carried out to deternjine the

level of repeatability ill also be necessary to consider the relevance of the measurgments
made With the head and torso a application in question.

The fpllowi documents are indispensable for the application of this docyment.
For dated references, ‘only the edition cited applies. For undated references, the latest gdition
of the|referenced doeument (including any amendments) applies.

|EC 6'\Q4Q 4 Qirnilatnya ~AFf hijpa ro 2

Pay an
OO TO OHRtHAteFS—6+—AtHRaH LEA~A

ad o
measurement of earphones coupled to the ea

—simHator—or the

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply. Reference is
also made to Figure 1 and Figure 2.

1 Numbers in square brackets refer to the Bibliography.
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3.1

manikin

head and torso simulator extending downward from the top of the head to the waist and
designed to simulate the acoustic diffraction produced by a median adult human head and
torso

NOTE The head includes two pinna simulators, and contains at least one ear simulator.

3.2
pinna simulator
device which has the approximate shape and dimensions of a median adult human pinna

3.3

ear simulator

devic ire is
meastred by a calibrated microphone coupled to the source so/tha 3 pustic
impedance of the device approximates that of the normal human eanat a gi ion and in

a given frequency band

NOTE | In this technical specification it comprises an ear canal extension_and™an\oc

3.4
occluded ear simulator

ear simulator which approximates the acoustic t
canalf from the tip of an ear insert to the

NOTE | An occluded ear simulator is standardised in IEC\60318-4.

3.5
ear canal extension
device that provides a connectiq
apertyre of a device si

3.6 Q
refergnce plane of'the

plane|perpendicula
simulator and th

point pisecting th hction
betwelen concha

3.8
plane| ofisymmetry of the manikin
virtual pfane passing through the Teference pointof the manikim that divides the feftand right
portions of the manikin into symmetrical halves, left and right to be interpreted as for the
human torso (see Figure 1)

NOTE No real human is perfectly symmetrical.

3.9

axis of rotation of the manikin

straight line about which the manikin can be rotated, passing through the reference point of
the manikin and lying in the plane of symmetry of the manikin, and having a direction that
would be vertical if the manikin were mounted in a position corresponding to that of a standing
person (see Figure 1)
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3.10
reference plane of the manikin
plane perpendicular to the axis of rotation that contains the reference point of the manikin

3.1

test point

reproducible position in the test space at which the sound pressure level is measured with the
manikin absent and at which the reference point of the manikin is to be located for test
purposes

3.12
test axis
line jdining the test point and the centre of the sound source (see Figure

3.13
test pllane
plane|perpendicular to the test axis and containing the test poi

3.14
azimdth angle of sound incidence
0
angle|between the plane of symmetry of the maniki i ed by
the axis of rotation and the test axis; when the ikin f imuth
angle|of sound incidence is defined ag’0°

NOTE | When the right ear of the manikin faces the 3 eft ear
of the manikin faces the sound source, the angl¢ is defined\a °

3.15
elevation angle of sound.incidé
o
angle|between the reference plane anikin and the test axis (see Figure 2); when the

vertey points to\,@ .
NOTE | When the test axj
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Vertex
Axis of rotation ——» /

Reference plane of the manikin

Q

%

Reference point

Axis of rotation and
plane of symmetry

C 398/11

NOTE The reference point is the reference point of the manikin.

Figure 1 — Manikin geometrical references
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Testaxis -~

k Elevation angle of sound incidence

0“ Range: —90° to +90°

Reference plane

Reference point and
test point

\

Test axis ﬂ\
|
/

Reference point and Sound source

test point

IEC 399/11

NOTE The reference point is the reference point of the manikin.

Figure 2 — Coordinate scheme for azimuth and elevation angles
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3.16
reference position of the manikin

position of the manikin in the test space that meets the following conditions:

— the reference point of the manikin coincides with the test point,
— the azimuth and elevation angles are both equal to zero

3.17

manikin free field frequency response
difference, as a function of frequency, between the sound pressure level at the ear simulator
microphone with the reference point of the manikin at the test point and the sound pressure

level atthe test point with the manikin absent

3.18

ear canal entrance point

EEP
point
canal

3.19
vertic
line th

3.20
horizs

ocated at the centre of the manikin ear canal at the jung
extension

al pinna reference axis
rough the EEP, and parallel to the axis of rota

bntal pinna reference axis

d ear

line tHrough the EEP, and parallel to therefe angle
of 907

NOTE | The horizontal pinna re see for
instance IEC 60268-7 [1].

4 Constructioi

4.1 |General

In thg following, physical dimensions of the manikin’s head, torsp and
pinnag and the al characteristics are specified. Where tolerancegs are
specified in ¢ fication, these shall be reduced by an amount equal fo the
actual expa ; uncertainty of the test laboratory before deciding if a device
confofms.to the uirement.

4.2 |Geometri ensions of the manikin

4.2.1 Torso

4.2.1.1 The principal geometrical dimensions of the manikin torso are illustrated in Figure 3,

and listed in Table 1 (for information only). The realization of the torso is specified in 4.2.1.2.
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Head breadth

Tragion to occipital wall
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Head length

A

Head
= = height p A Chin-to-vertex
Sae \‘é length
o Tragion to \
- 7 Neck diameter shoulder
| - Bitragion diameter *
Shoulder breadth Shoulder depth -]
oulder brea Chest depth < AW

a

Chest breadth

j\:

) Front view

IEC 400/11

Bition

oulder po

IEQ 401/11

NOTE | For position of tragion, see Figure 6.
Figure 3 — lllustration dimensions
[able 1 — Head and torso dimensionsforthe d average human data

Dimension Average human data [p]
(mm)

Hedd breadth N 151

Hedd length 188

Hedd height (tragion to ve 130

Bitfagion diame@ 139

Tragion to occipital 97 98

Trajgion to should 175 176

Ne¢k diam 113 112

Shgulde 440 427

Ch¢st b 282 291

Chin to verte 224 222

Ché¢st depth 235 --

Sheulder. depth 110 -

Shourder position 80 -

NOTE 1

NOTE 2

The data given in Table 1 is for information only.

In order to be independent of the type of pinna simulator, the tragion sometimes is replaced by the ear

canal entrance point (EEP) as reference point of the manikin [5]. In this case the corresponding manikin values
are: EEP to vertex 130 mm, EEP to EEP distance 132 mm, EEP to occipital wall 94 mm and EEP to shoulder
170 mm.

4.2.1.2 Cross-sections parallel to the reference plane of the manikin are given in Figures 4a)
to 4e). Each cross-section is identified by the distance (in millimetres, negative towards the
waist) from the reference plane of the manikin. Circles indicate the position of the axis of
rotation of the manikin. Grid lines are spaced 20 mm.

NOTE The torso is symmetrical. Cross-sections are shown only for the top view of the right side. The orientation
of the cross-section is such that the front of the head points downwards.
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NOTE 1 Not to scale, convert grid as dimensioned.

NOTE 2 For detailed information on the graph refer to 4.2.1.2.

4a) Cross-section 1
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NOTE1 Not to scale, convert grid as dimensioned.

NOTE 2 For detailed information on the graph refer to 4.2.1.2.

4b) Cross-section 2
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NOTE 2 For detailed information on the graph refer to 4.2.1.2.

4c) Cross-section 3
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NOTE 2 For detailed information on the graph refer to 4.2.1.2.

4d) Cross-section 4
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NOTE 1 Not to scale, convert grid as dimensioned.

NOTE 2 For detailed information on the graph refer to 4.2.1.2.

4e) Cross-section 5

Figure 4 — Cross-sections of torso (tolerance + 4 mm)
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4.2.2 Head

4.2.2.1 The principal geometrical dimensions of the manikin head are illustrated in Figure 3,
and listed in Table 1 (for information only). The realization of the head is specified in 4.2.2.2.

4.2.2.2 Cross-sections parallel to the reference plane of the manikin are given in Figures 5a)
to 5e). Each cross-section is identified by the distance (in millimetres, positive towards the
vertex, negative towards the waist) from the reference plane of the manikin. Circles indicate
the position of the axis of rotation of the manikin. The dot in Figures 5b) to 5d) indicates the
position of the ear canal entrance point (EEP). The vertical pinna reference axis is used as a
reference for location of the pinna cross-sections. Grid lines are spaced 20 mm.

NOTE | The head is symmetrical; cross-sections are shown only for the top view of the rij e. The\origntation

of the qross-section is such that the front of the head points downwards.

&
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NOTE 1 Not to scale, convert grid as dimensioned.

NOTE 2 For detailed information on the graph refer to 4.2.2.2.

5a) Cross-section 1

407/11
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NOTE 2 For detailed information on the graph refer to 4.2.2.2.
NOTE 3 For missing segments refer to Figures 7a) to 7c).

5b) Cross-section 2
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NOTE 1 Not to scale, convert grid as dimensioned.
NOTE 2 For detailed information on the graph refer to 4.2.2.2.

NOTE 3 For missing segments refer to Figures 7a) to 7c).

5¢) Cross-section 3
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NOTE 1 Not to scale, convert grid as dimensioned.
NOTE 2 For detailed information on the graph refer to 4.2.2.2.
NOTE 3 For missing segments refer to Figures 7a) to 7c).

5d) Cross-section 4
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NOTE 1 Not to scale, convert grid as dimensioned.

NOTE 2 For detailed information on the graph refer to 4.2.2.2.

5e) Cross-section 5

Figure 5 — Cross-sections of head (tolerance + 2,5 mm)
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Pinna
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4.2.3.1 The principal geometrical dimensions and orientation of the simulated pinna are
illustrated in Figure 6, and listed in Table 2 (for information only). The realization of the
simulated pinna is specified in 4.2.3.2.

Vertical tilt — [™—
Ear length above
vtragion
1o albla /
Earfbreadith l
Ear length
2
trusion angle
1 Protrusion
(oncha
lg¢ngth Concha
% depth
IEC 413/11
Concha breadth
b) Cross-section
Key
1. Anti{helix
2. Crud of helix
3. Con

4. Trag

ha

on
e ustration of manikin pinna dimensions
able 2 — Pinna dimensions for the manikin

)

Dimension Manikino

(mm and °)
Ear length 66
Eartermgtirabovetragiomn 30
Ear breadth 37
Ear protrusion 23
Ear protrusion angle 160°
Vertical tilt front view 10°
Vertical tilt side view 6°
Concha length 28
Concha length below tragion 20
Concha breadth 23
Concha breadth, tragion to helix 23
Concha depth 15
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NOTE The data given in Table 2 is for information only.

4.2.3.2 Cross-sections parallel to the reference plane of the manikin are given in Figures 7a)
to 7c). Each cross-section is identified by the distance (in millimetres, positive towards the
vertex, negative towards the waist) from the section plane to the reference plane of the
manikin.

The dots indicate the position of the vertical pinna reference axis (see 4.2.2.2). The grid lines
are spaced 10 mm.

NOTE 1 Figures 7a) to 7c) show cross-sections for the top view of the right pinna. The left pinna is determined as
a mirror image of the right pinna.

NOTE P The relation between dimensional details and acoustical performance of the pinna are at presgnt only
partially understood, and minor adjustments of concha shape, anti-helix, crus of helixxand the location of pinna
relativg to ear canal may be necessary to conform with the acoustical specifications (see 4.3 icularly [at high
frequerjcies.

NOTE $ The position of the ear simulator relative to the pinna is shown in Figure 7b).
NOTE # In addition to the pinna simulator described in this technical specification, th types df pinna

simulafor on the market. These pinna simulators, however, do not {ulfil & requi of Table 3 |of this
technical specification.

&
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NOTE Not to scale, convert grid as dimensioned.

NOTE The orientation of the cross-section is such that the front of the head points leftwards

NOTE 3 For detailed information on the graph refer to 4.2.3.2.

7a) Cross-section 1
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A Ebr canal extension

IEC

B Occluded ear simulator reference plane

C Occluded ear simulator

NOTE 1

Not to scale, convert grid as dimensioned.

NOTE 2 The orientation of the cross-section is such that the front of the head points leftwards.

NOTE 3 For detailed information on the graph refer to 4.2.3.2.

7b) Cross-section 2

415/11
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NOTE Nottoscate, convertgridas dimensioned:
NOTE 2 The orientation of the cross-section is such that the front of the head points leftwards.

NOTE 3 For detailed information on the graph refer to 4.2.3.2.

7c) Cross-section 3
Figure 7 — Cross-sections of right pinna (tolerance + 1,5 mm)

4.2.4 Ear simulator

The ear simulator shall comprise an occluded ear simulator as described in IEC 60318-4, and
an ear canal extension. The ear canal extension shall have a cylindrical form with the length
of 8,8 mm + 0,3 mm and diameter of 7,5 mm + 0,3 mm. The ear canal extension terminates at
the ear simulator reference plane and is connected to the pinna as shown on Figure 7b).
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NOTE Occluded ear simulators differing in detail from that specified in IEC 60318-4, are in current use in some
countries. If such devices are used as part of the ear simulator, their characteristics should be stated when giving
results of measurements of hearing aids or other devices under test made with the head and torso simulator.

4.2.5 Materials

The manikin shall have a non-porous surface, with an acoustic impedance which is large
compared to that of air, and be of a material which ensures dimensional stability.

The pinna simulator shall be made from a high-quality elastomer. It is recommended that its
shore-OO hardness, measured at the surface 15 mm forward to the ear opening, is 35° + 6°,
providing that it conforms with the acoustical specifications (see 4.3). Since the mechanical
i i i e ; i all be
specified for individual pinna simulators (e.g. by means of an expiration da Ch the
mechanical characteristics of the material are expected to remain i [ ith this
specification.

NOTE he test
result.

4.2.6

4.2.6. with
marki

4.2.6. gs to
ensur

4.2.6. n and
aroun ipped
with should be parallel to the axis of rqtation
(y-axi respectively, and have the ear |canal
entrar he’ x-axis shall be positive towards the frlont of
the m g vertex.

4.2.7

The tq

ss-section relative to contours in the figures shall be {4 mm
, + 2,5 mm for the head (Figures 5a) to 5e)) and + 1,5 mim for

for th
the pI’m 3, hese tolerances also apply for the distance between gross-
sectio > plane of the manikin.

4.3 A acteristics of the manikin

4.31 Free field frequency response

Table —3—givesthe Tmamikimfree fietd—frequency Tesponse for pure tones at third—octave
intervals, in decibels relative to the free field sound pressure level. Values are stated for an
elevation angle of 0°, and the azimuth angles 0°, 90°, 180° and 270° for the right ear.
Corresponding symmetrical azimuth angles apply for the left ear.

NOTE 1 Difficulties may be experienced when measuring the manikin frequency response at azimuth angle 270 °
for frequencies of 4 kHz and above. This is due to a combination of reflections from the boundaries of the test
enclosure, and the head shadow effect. Hence these values have been omitted in Table 3.

NOTE 2 The data in Table 3 are based on the studies by Maxwell and Burkhard [10] and by Minster-Swendsen
[12]. The results of two subsequent studies on the manikin are described in [13] and [17].

4.3.2 Tolerances

Tolerances on the manikin free field frequency response are stated in Table 3. The values
stated include the tolerances in the calibration of the occluded ear simulator, but not in the
calibration of the free field microphone.
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Openings

Any openings for access to the interior of the manikin other than the ears shall not affect the
response of the manikin as specified in 4.3.1.

NOTE A suitable test method is given in 5.2.5.

5 Calibration

5.1 Atmospheric reference conditions

Refergmceambient pressure— 101,325 kPa

Refergnce temperature: 23 °C

Refergnce relative humidity: 50 %

5.2 [Calibration method

5.2.1 General

Meastirement of acoustical characteristics of the manikin be rmed with equipment
conforming to the following specifications.

5.2.2 Test space and measurement eq

The t¢st space and sound source shal i a imation to plane progressive yaves
in freg field conditions in the frequenc F

Thesq conditions are e sound>pressure levels measured at distanges of
250 mm from the test poi i e sound pressure level at the test pdint by
more [than + 2 dBATh i for testing compliances shall include two points
on the test ax<>e Yecti and away from the sound source. Four further
measyirement points i i all be included: two in the reference plane, to the left
and right as view he*sound ‘source; the other two on the axis of rotation, above and
below|the test point.

NOTE e test space may either be achieved by suitable absorbent lining| of the
enclosyre emporal gating of the measured signal (impulse response technique), or by delayed
frequerjc

NOTE 2 3 viation of sound pressure level relative to that at the test point includes the |nverse
pressufe/distance eviations from this inverse pressure/distance law and deviations due to [source
directignality-

NOTE 3 'Rof an anechoic room, compliance cannot generally be expected unless the test point is further than 1 m

from the boundaries and the sound source is at least 2 m from the boundaries.

The sound source shall only contain coaxial elements or a single diaphragm, and the ratio of
the maximum frontal sound source dimension to source distance shall be less than 0,25. In
order to avoid reflections the frontal area of the sound source baffle may be covered by a
suitable absorbing material.

The acoustic test signal shall be a sinusoid with a frequency within + 1 % of the nominal
frequency, and with harmonic distortion less than 2 %.

The test space shall be equipped with fixtures permitting an accurate and repeatable
positioning of the manikin in accordance with the selected test point.

The effective sound pressure level of extraneous background noise shall be at least 10 dB
less than the sound pressure level in the frequency band of the test signal.
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