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Foreword

The text of document 29/584/FDIS, future edition 2 of IEC 60118-8, prepared by IEC TC 29,
Electroacoustics, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC
as EN 60118-8 on 2005-12-01.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2006-09-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2008-12-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 60118-8:2005 was approved by CENELEC as a European
Standard without any modification.
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INTRODUCTION

Measurement methods that take into account the acoustical influence of the wearer on the
performance of hearing aids are important, particularly when the results are to be used to
assist in the fitting of hearing aids. The information obtained using this standard is likely to be
more relevant to the fitting of hearing aids than that provided by publications concerned with
type approval and quality control such as I[EC 60118-0, and IEC 60118-7.

The methods specified in this standard require a device such as a manikin to simulate the
presence of the wearer. It has been found necessary to establish certain guidelines for
simulated /n s/tu measurements of hearing aids. The recommended methods are described in

this standard.
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ELECTROACOUSTICS -
HEARING AIDS -

Part 8: Methods of measurement of performance characteristics
of hearing aids under simulated /n s/fu working conditions

1 Scope

The purpose of this part of IEC 60118 is to describe methods for a test which simulates the
acoustical effects of a median adult wearer on the performance of a hearing aid.

It establishes certain guidelines for simulated /n s/ifu measurements of hearing aids; it
describes a simplified method for simulated /n s/ifu measurements of hearing aids and a
description for determination of the directivity index (Dl) of directional microphones in hearing
aids in the horizontal plane.

In addition this second edition now specifies tolerances. Conformance to the specifications in
this International Standard is demonstrated only when the result of a measurement, extended
by the actual expanded uncertainty of measurement of the testing laboratory, lies fully within
the tolerances specified in this International Standard extended by the values for Umnax

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60118-0:1983, Hearing aids — Part 0: Measurement of electroacoustical characteristics
IEC 60263, Scales and sizes for plotting frequency characteristics and polar diagrams

IEC 60711, Occluded-ear simulator for the measurement of earphones coupled to the ear by
ear inserts

|IEC 60959, Provisional head and torso simulator for acoustic measurements of air conduction
hearing aids

3 Terms and definitions

For the purpose of this document, the following definitions apply:
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3.1
sound pressure level

throughout this standard all sound pressure levels (abbreviated SPL) are referred to 20 pyPa

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

3.3

ear simulator

device for measuring the output sound pressure level of an earphone under well defined
loading conditions in a specified frequency range. It consists essentially of a principal cavity,
acoustic load networks and a calibrated microphone. The location of the microphone is
chosen so that the sound pressure at the microphone corresponds approximately to the sound
pressure existing at the human eardrum

3.4

occluded-ear simulator

ear simulator which simulates the inner part of the ear canal, from the tip of an ear insert to
the eardrum

3.5

ear canal extension

device which connects the concha portion of the pinna simulator with the outer (reference
plane) face of the occluded-ear simulator, simulating the outer part of the ear canal excluding
the pinna

3.6

ear insert simulator

device used to represent the acoustic coupling between an earphone and the ear canal (e.q.
an earmould or a similar device without a connecting tube)

3.7

manikin (head and torso simulator)

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

3.8

reference point of a subject or manikin

point bisecting the line joining the centres of the openings of the ear canals (at the junction
between concha and ear canal) (see Figure C.1)

3.9

plane of symmetry of the manikin

plane passing through the reference point of the manikin that divides the left and right
portions of the manikin into symmetrical halves (see Figure C.1)

3.10

axis of rotation of the manikin

straight line 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 (and about which the
manikin can be rotated) (see Figure C.1)
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3.1
reference plane of the manikin

plane perpendicular to the axis of rotation containing the reference point of the manikin (see
Figure C.1)

3.12

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

3.13
reference input sound pressure level
free field sound pressure level at the test point in the absence of the manikin

3.14
test axis
line joining the test point and the centre of the sound source (see Figure C.2)

3.15
test plane (for measurement of the uniformity of the free field wavefront)
plane perpendicular to the test axis and containing the test point

3.16

azimuth angle of sound incidence

6

angle between the plane of symmetry of the manikin and the plane defined by the axis of
rotation and the test axis (see Figure C.2). When the manikin faces the sound source the
azimuth angle of sound incidence is defined as 0°. When the right ear of the manikin faces
the sound source, the azimuth angle is defined as 90°. When the left ear faces the sound
source, the angle is defined as 270°

3.17

elevation angle of sound incidence

a

angle between the reference plane of the manikin and the test axis (see Figure C.2). When
the top of the manikin points towards the sound source the elevation angle is defined as 90°.
When the test axis lies in the reference plane, the elevation angle is defined as 0°

3.18
reference position of the manikin in the test space
position of the manikin in the test space that meets the following conditions:

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

3.19

manikin unoccluded-ear gain

MUEG

difference between the sound pressure level in the unoccluded-ear simulator and the
reference input sound pressure level. This will be a function of manikin position
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3.20

manikin unoccluded-ear gain frequency response

MUEGFR

manikin unoccluded-ear gain expressed as a function of frequency, MFR (see 7.3) being a
function of manikin position

3.21

simulated /n sifu gain

SISG

difference between the SPL in the ear simulator produced by the hearing aid and the
reference input SPL. This will be a function of manikin position

A

simulated /n sifu gain frequency response
SISGFR

SISG expressed as a function of frequency

3.23

simulated insertion gain

SIG

difference between the SPL in the ear simulator produced by the hearing aid and the SPL in
the ear simulator with the hearing aid absent. This gain is equal to SISG-MUEG. This will be a
function of manikin position

3.24

full-on simulated insertion gain

S|IG obtainable from a hearing aid with the gain control at maximum (full-on) and at stated
settings of the other hearing aid controls

3.25

simulated insertion gain frequency response
SIGFR

SI1G expressed as a function of frequency

3.26

manikin unoccluded-ear directional response

MDR

sound pressure level in the ear simulator at a stated frequency as a function of azimuth
and/or elevation angle with the hearing aid absent

3.27

simulated /n sifu directional response

SISDR

sound pressure level in the ear simulator produced by the hearing aid as a function of azimuth
and/or elevation angle at a stated frequency, gain value and input level
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3.28

directivity index Dlzp

for the purpose of this standard Dl2p as a function of frequency is calculated from the SISDR
as the difference between the sound intensity level for azimuth and elevation angle equal to
0° and the average sound intensity level for all azimuth angles and elevation angles,
assuming rotational symmetry about an axis defined by the intersection of a vertical plane
with zero azimuth angle and the reference plane.

3.29
Sll weighted directivity index

SIIDI2p
index calculated from the Dlzp by applying a band importance function representing the
relative importance of the different frequencies for speech perception and as such obtaining a

frequency independent index. The weighting factors used in the calculation are according to
ANSI S3.5:1997 (see 7.6.4.2)

3.30

simulated insertion directional response D
SIDR

difference between SISDR and MDR

3.31

simulated Jjn sifu OSPL90 (output sound pressure level for 90 dB input SPL)

output sound pressure level in the ear simulator produced by the hearing aid at a specified
frequency with the hearing aid gain control at maximum (full-on) and a reference input SPL of
90 dB

3.32
simulated /n sitvy OSPL90 frequency response

simulated /n s/itu OSPL90 expressed as a function of frequency

4 Limitations

4.1 The results obtained under simulated /n si/fu conditions may differ substantially from
results obtained on an individual person, due to anatomical variation of head, torso, pinna,
ear canal, and eardrum. Care should therefore be taken when interpreting the results.

4.2 The methods recommended in this standard give information on the measurement of the
following parameters that are considered important for the evaluation of the performance of a
hearing aid as normally worn, and for which simulated /n si/fv conditions are considered
essential:

—  full-on insertion gain;

— insertion frequency response;
— directional characteristics;

— simulated /n srty OSPLY0.

NOTE The accuracy and repeatability of results obtained under simulated /n sifv conditions cannot generally be
expected to be as good as when using the free-field technique laid down in IEC 60118-0:1983. The use of
simulated /n sity conditions for the measurements of hearing aid parameters other than those listed above is
therefore not included.
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5 Test equipment

2.1 Acoustical requirements for the test space

5.1.1 The test space shall provide essentially free-field conditions over the frequency range
200 Hz to 8 000 Hz. Essentially free-field conditions are considered established when the
sound pressure level at positions 100 mm in front of and behind the test point do not deviate
from the inverse distance law (1/r law) by more than +2 dB from 200 Hz to 400 Hz and +1 dB
from 400 Hz to 8 000 Hz.

5.1.2 The manikin shall be mounted in the test space so that all points of the head and
shoulders of the manikin are A/4 or more distant from the surfaces of the room, where A is the
wavelength of the lowest measuring frequency. The distance between the centre of the sound
source and the test point shall be 1 m.

9.1.3 The test space shall be equipped with means that permit accurate and repeatable
positioning of the manikin.

5.1.4 Unwanted stimuli in the test space such as ambient noise or electrical and/or magnetic
stray fields shall be sufficiently low to ensure that test signals exceed the levels of unwanted
noise by more than 10 dB.

5.2 Sound source

5.2.1 The sound source shall consist only of coaxial elements. In order to avoid reflections,
the frontal surface of the sound source enclosure should be covered by a suitable absorbing
material. Maximum linear dimensions of the frontal surface of the sound source shall not
exceed 0,30 m.

5.2.2 Over the frequency range 200 Hz to 8 000 Hz, the sound source shall produce a
uniform wave-front in the space to be occupied by the manikin which shall be determined as
follows:

With the manikin absent, the SPL at four positions in the test plane 15 cm distant from the
test point shall not differ by more than £2 dB from the SPL at the test point. Two of the four
positions are to be in the reference plane, to the left and right of the test point as viewed from
the sound source; the other two are to be on the axis of rotation above and below the test
point.

5.2.3 Over the frequency range 200 Hz to 8 000 Hz, the source shall be capable of
producing sound pressure levels with a maximum tolerance of +1,5 dB (see 5.7) over the
range of 50 dB to 90 dB at the test point.

5.2.4 The frequency of the test signal shall not differ by more than 2 % from the indicated
value.

5.2.5 The total harmonic distortion of the test signal shall not exceed 2 % for sound pressure
levels up to 70 dB and 3 % for sound pressure levels greater than 70 dB and up to 90 dB, as
measured at the test point.
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5.3 Manikin

Annex C states the general requirements for a manikin.

5.4 Ear simulator

The ear simulator shall consist of an occluded-ear simulator in accordance with IEC 60711,

[ +0,02
together with an ear canal extension 5 mm in diameter and 8,8 mm long with a
-0
tolerance of +2 %, as measured from the outer face (reference plane) of the occluded-ear
simulator to the bottom of the concha portion of the artificial pinna.

5.5 Ear insert simulator

The method of coupling the small earphone (receiver) to the ear, for example closed mould,
open mould or no mould connections, shall be stated together with the lengths and diameters
of any connecting acoustic tubes used.

5.6 Equipment for the measurement of occluded-ear simulator sound pressure level

The equipment used for measurement of the occluded-ear simulator sound pressure level
produced by the hearing aid shall comply with the following requirements:

5.6.1 The calibration of the sound pressure level measurement system shall be within
+0,5 dB at a specified frequency.

NOTE The calibration of the microphone should be repeated sufficiently often to ensure that it remains within the
permitted limits during measurements.

5.6.2 The pressure sensitivity level of the measuring microphone shall be within £1 dB in the
frequency range 200 Hz to 3 000 Hz and within 2 dB in the range 3 000 Hz to 8 000 Hz
relative to the pressure sensitivity level at 1 000 Hz.

5.6.3 Total harmonic distortion in the measuring equipment over the frequency range 200 Hz
to 5 000 Hz shall be less than 1 % for sound pressure levels up to 130 dB and less than 3 %
for sound pressure levels above 130 dB and up to 145 dB.

5.6.4 The sound pressure level corresponding to hum, thermal agitation and other noise
sources shall be sufficiently low to ensure that the reading shall drop by at least 10 dB when
the test signal is switched off.

For this purpose, a high-pass filter not affecting frequencies of 200 Hz and above may be
employed.

5.6.5 The output indicator used shall give r.m.s. indication within £0,5 dB for a signal crest
factor of not more than 3.

NOTE 1 If, under certain conditions, it is necessary to use a selective system to ensure that the response of the
hearing aid to the test signal can be differentiated from inherent noise in the hearing aid, the use of the selective
system should be stated in the test report.

NOTE 2 It is well known that the type of output indicator employed may influence the test results significantly if a
non-sinusoidal wvoltage is being measured. Such non-sinusoidal voltages may be present when making
measurements with high input levels to the hearing aid.
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5.6.6 Since the calibration of the occluded-ear simulator depends on ambient conditions,
especially the atmospheric pressure, corrections for such dependence shall be made when
necessary (see 6.2).

5.7 Equipment for automatic sweep frequency recording

The equipment shall be capable of maintaining at the test point all requisite sound pressure
levels between 50 dB and 90 dB within such tolerances as specified in 5.2.3.

The uncertainty of the indicated frequency on a recorder chart shall be within =5 %. The
automatically recorded values shall not differ more than 1 dB from the steady-state value over
the frequency range 200 Hz to 5 000 Hz and not more than 2 dB in the range 5 000 Hz to
8 000 Hz.

5.8 Equipment for calibration of free field sound pressure level

The calibration of the free field sound pressure level shall be within £0,5 dB at a specified
frequency. The free field sensitivity level of the measuring microphone shall be within £1 dB in
the frequency range 200 Hz to 5 000 Hz and within £1,5 dB in the range 5 000 Hz to 8 000 Hz
relative to the free field sensitivity level at a specified frequency (usually 1 kHz).

6 Test conditions

6.1 Choice of test point

With the position of the sound source fixed in the test space, a test point is chosen, so that
the requirements of 5.1 are fulfilled.

The distance from the sound source to the test point shall be 1 m. This is considered to be
sufficient to reduce interaction between the sound source and the manikin to an acceptable
level when the latter is located at the test point.

6.2 Ambient conditions

Ambient conditions in the test space at the time of test shall be stated and kept within the
following tolerances:

— temperature: (23 £ 5) °C;

— relative humidity: (20 to 80) %;

— atmospheric pressure: (101 *3 ) kPa.

3
-20

NOTE |If these conditions cannot be achieved, actual conditions shall be stated. See also IEC 60068.
6.3 Manikin

In order to achieve repeatable results no clothing or wig shall be used on the manikin.
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6.4 Location of the hearing aid
6.4.1 Placement of the hearing aid on the manikin

The hearing aid shall be placed on the manikin in a way corresponding to actual use.

Body aids shall be placed 30 cm from the reference plane in the centre chest position, with
the back of the aid held firmly on the surface of the manikin.

6.4.2 Connection of the earphone to the ear simulator

The right ear of the manikin shall be used, unless otherwise stated.

The type of ear insert simulator and any tubing employed shall be stated. The fit of the pinna
simulator and ear canal extension shall be carefully observed to avoid leakage with closed
canal tests.

6.5 Normal operating conditions for the hearing aid
6.5.1 General

The normal operating conditions for the hearing aid which apply for measurement purposes
when no other conditions are prescribed, are:

6.5.2 Power supply

Either an actual battery of the type normally used in the hearing aid, partially discharged to
avoid the typical high initial voltage, or a suitable power supply that simulates the voltage and
internal impedance of real batteries of the type normally used, may be employed.

The type of power source used, the supply voltage and, in the case of a power supply, the
internal impedance shall be stated.

The battery voltage measurements shall be within £50 mV of the value specified.

6.5.3 Gain control

Full-on gain control position, reference test gain position or other positions used, shall be
stated.

6.5.4 Other controls

The setting selected for the tone control shall be stated in the results. In general, the basic
setting (that giving the widest frequency range) shall be selected in preference to settings in
which the low or high frequencies are attenuated. If, however, there are reasons for regarding
some other settings as more representative of the normal use of the hearing aid, these
settings may be adopted provided they are clearly described in the results.

All other control settings should be chosen to give the highest OSPL90 and the highest
acoustic gain. If the highest OSPL90 is not associated with the highest acoustic gain, the
setting giving the highest OSPL90 shall be used.
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6.5.5 Accessories used in connection with the hearing aid microphone opening

The particular accessories to be used shall be stated.

7 Measurements

7.1 General

7.1.1 The simulated insertion gain frequency response may be determined by two different
methods, yielding the same results if the hearing aid is operating as a linear device:

— constant reference input SPL method (see 7.4)

— constant ear simulator SPL method (ipsilateral ear) (see 7.5).

Due to modifications to the sound field by the head and open ear canal the constant ear
simulator SPL method will result in a considerably lower input SPL to the hearing aid than for
the constant reference input SPL method at certain frequencies.

The advantage of the constant ear simulator SPL method, however, is that the same

microphone system is used for measuring both input and output SPL. The method used shall
be stated.

MOTE The use of a contralateral ear simulator as a controlling device is not recommended due to the probable
lack of symmetry and its limitation for frontal sound incidence only.

7.1.2 Data should only be quoted for that part of the frequency range between 200 Hz and
8 000 Hz over which the output from the hearing aid falls by at least 10 dB when the signal
source is switched off.

7.2 Adjustment of the reference input sound pressure level
« Test procedure

a) The free field calibrated microphone (see 5.8) is placed at the test point with the manikin
absent.

b) The frequency of the sound source is varied over the range 200 Hz to 8 000 Hz. The
electrical input signal to the sound source required to produce a constant stated reference
input SPL is recorded (see 5.2.3).

NMOTE For automatic frequency sweep recording tests, the reference input SPL can be kept constant using the
microphone to control the equipment in compliance with 5.7. Recording of the electrical input signal can be
conveniently undertaken using digital storage techniques or a tape recorder.

The use of equalizing filters only or a control microphone placed between the sound source and the test point has
not generally been found to be satisfactory.

7.3 Manikin frequency response (MFR)
7.3.1 Purpose

The purpose of this test is to measure the performance of the manikin to provide a basis for
determining the simulated insertion gain frequency response in accordance with the constant
reference input SPL method.
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7.3.

a)
b)

2 Test procedure

The manikin is placed at the reference position (see 3.18).

The frequency is varied over the range 200 Hz to 8 000 Hz, keeping the reference input
sound pressure level constant at 60 dB. The ear simulator SPL is recorded as a function
of frequency.

NMOTE For automatic sweep frequency recording tests, this is conveniently achieved by providing a stored
electrical input signal to the sound source (see note to 7.2.1).

7.4

Full-on simulated insertion gain measured by the constant reference input SPL
method

Test procedure

a)
b)
c)
d)

g)

Perform the measurements described in 7.2 and 7.3.
With the manikin in the reference position, locate the hearing aid in accordance with 6.4.

Turn the hearing aid gain control full-on and set other controls to their required positions.

At a suitable frequency, set the reference input SPL to 60 dB. If this does not produce
essentially linear input/output conditions in the hearing aid, the SPL should be reduced to
50 dB. Essentially linear input/output conditions are considered to exist if, at all
frequencies within the range 200 Hz to 8 000 Hz, a change in the input SPL of 10 dB
causes a change in the output SPL of (10 £ 1) dB. The input SPL shall be stated.

NOTE For hearing aids with certain circuit arrangements, e.g. some push-pull aids, non-linear input-output
characteristics may be observed over a large portion of the operating range.

Vary the frequency over the range 200 Hz to 8 000 Hz keeping the reference input SPL
constant at the level determined in item d) above. Record the ear simulator SPL as a
function of frequency.

Derive the full-on simulated insertion gain by subtracting the manikin unoccluded-ear SPL
(determined in item b) of 7.3.2) from the simulated /n s/ifty SPL (determined in item e)
above) at each frequency.

Plot the full-on simulated insertion gain as a function of frequency. The value may be
reported for a specified frequency.

NOTE 1 In some cases with hearing aids having high gain, it may be convenient to adopt a lower gain setting
than maximum for the measurement of the frequency response curve. In those cases, the gain setting should be
stated.

NOTE 2 The procedures may be repeated for other stated control settings or other stated manikin positions.

7.5

Full-on simulated insertion gain measured by the constant ear simulator
SPL method

An alternative procedure for determining the simulated insertion gain for a hearing aid is:

a)

Place the manikin at the reference position with the hearing aid absent.
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b) Vary the frequency over the range 200 Hz to 8 000 Hz and record the electrical input
which the sound sources requires to produce a constant, stated, SPL in the ear simulator
as a function of frequency. At a suitable frequency, adjust the electrical signal to the
sound source to a level that produces an SPL of 60 dB in the ear simulator without an ear
insert simulator or hearing aid present, as determined in item b) above. If this does not
produce essentially linear input/output conditions in the hearing aid, reduce the SPL to
50 dB. Essentially linear input/output conditions are considered to exist in the hearing aid
under test if, at all frequencies within the range 200 Hz to 8 000 Hz, a change in the input
SPL of 10 dB causes a change in the recorded output of (10 = 1) dB.

NOTE See noteto 7.2.1. For hearing aids with certain circuit arrangements, for example some push-pull aids,
non-linear input-output characteristics may be observed over a large portion of the operating range.

c) Place the hearing aid on the manikin in accordance with 6.4 and connect it to the same
ear simulator as employed in item b) above.

d) Turn the hearing aid gain control full-on and set other controls to their required positions.

e) Vary the frequency of the sound source over the range 200 Hz to 8 000 Hz with the
hearing aid present. Record the ear simulator SPL as a function of frequency.

fy Derive the full-on simulated insertion gain by subtracting the ear simulator SPL
(determined under item b) above) from the recorded ear simulator SPL (determined in
item e) above) at each frequency.

g) Plot the full-on simulated insertion gain as a function of frequency. The value may be
reported for a specified frequency.

MOTE 1 In some cases with hearing aids having high gain, it may be convenient to adopt a lower gain setting
than full-on for the measurement of the frequency response. The gain should be stated.

MOTE 2 The procedure may be repeated for other stated control settings and manikin positions.

7.6 Directional characteristics
7.6.1 Manikin unoccluded-ear directional response (MDR)
7.6.1.1 Purpose

The purpose of this test is to determine the directional response of the manikin without ear
Insert simulator or hearing aid present in order to determine the insertion directional response
of a hearing aid.

7.6.1.2 Test procedure
a) The manikin is placed in the reference position with the ear insert simulator and the
hearing aid absent.

b) At a specified frequency, the input SPL is adjusted to produce a suitable SPL in the ear
simulator, which should be stated.

c) At a stated angle of elevation (normally zero), the manikin is rotated around the axis of
rotation and the SPL in the ear simulator is recorded as a function of azimuth angle.
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d) The directional response, which is the difference between the ear simulator SPL at a
given azimuth angle of sound incidence and the ear simulator SPL in the reference
position, is plotted as a function of azimuth angle.

7.6.2  Simulated /n situ directional response (SISDR)
7.6.2.1 Purpose

The purpose of this test is to determine the combined directional effects of the manikin and
the hearing aid.

7.6.2.2 Test procedure

a) With the manikin in the reference position, locate the hearing aid in accordance with 6.4.

b) At a specified frequency, adjust the input SPL and/or the hearing aid gain setting in order
to produce essentially linear input/output conditions in the hearing aid through one
complete rotation of the manikin.

c) At a stated angle of elevation (normally zero), rotate the manikin around the axis of
rotation and record the SPL in the ear simulator.

d) The simulated /n sifu directional response is the difference between the ear simulator SPL
at a given azimuth angle of sound incidence and the ear simulator SPL in the reference
position, plotted as a function of azimuth angle.

7.6.3  Simulated insertion directional response (SIDR)
7.6.3.1 Purpose

The purpose of this test is to compare the directional characteristics of the hearing aid on the
manikin with those of the manikin alone.

7.6.3.2 Test procedure.

a) The manikin directional response (MDR) is determined in accordance with 7.6.1.

b) The simulated /n s/fu directional response (SISDR) is determined in accordance with
7.6.2.

c) The simulated insertion directional response is the difference between SISDR and MDR,
plotted as a function of frequency, with the azimuth angle as parameter.

NOTE This measurement may also be made with the constant ear simulator SPL method.

7.6.4 Directivity index and weighted directivity index
7.6.4.1 Purpose

The purpose of this test is to obtain indices describing the effect of directional characteristics
of the hearing aid. The method is based on measurements only in the horizontal plane
(elevation angle equal to 0°) but by assuming rotation symmetry the calculation is extended to
the vertical plane.
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7.6.4.2 Test procedure

The simulated in situ directional response (SISDR) is determined in accordance with 7.6.2 for
elevation angle zero. Measurements should be carried out representing at least the 1/3
octave frequencies in the frequency range 200 Hz to 8 000 Hz and azimuth angles with
maximum 10° spacing. For 10° spacing the D/Ap is calculated from the following formula :

DA f) dB

=10Ig 10 sin

where

6, is the azimuth angle corresponding to jfnumber;

SISDR{f) is the simulated directivity response /n situ corresponding to ffrequency and to
azimuth angle 6,

SISDRo(f) is the simulated directivity response /n sifu corresponding to ffrequency and to
azimuth angle O;

DI 1) is D/ for ffrequency.

NOTE The constant 22,92 is only valid for 36 measuring points with 10° spacing. If a different number of
measuring points are used it should be recalculated.

The S//D/p is calculated from the following formula:

S/IDhp = 0,01-D/200) + 0,01-D/250) + 0,03-D/(315) + 0,04-DA400) + 0,06-D/(500) +

07-D/630) + 0,07-D/800) + 0,08:0/1 000) + 0,09-D/1 250) + 0,09-D/1 600) +
,09-D/(2 000) + 0,09-D/2 500) + 0,08-DA3 150) + 0,08-D/4 000) + 0,05-DA5 000)
0

0
0
0
+0,04-D/(6 300) + 0,02- DA8 000)

where the number between parentheses is the frequency in hertz.

1.7 Simulated /n sifu OSPL90 measurements
 Test procedure

a) With the manikin in the reference position the hearing aid iIs located Iin accordance with
6.4.
b) The gain control is turned full-on and other controls are set to their required positions.

c) At a suitable frequency, set the reference input SPL to 90 dB.

d) The frequency of the sound source is varied over the range 200 Hz to 8 000 Hz keeping
the reference input SPL constant at 90 dB. The ear simulator SPL is recorded as a
function of frequency.
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7.8 Simplified method to measure simulated in situ and insertion gain response

7.8.1 Purpose

The described method reduces the simulated In situ and Insertion gain response
measurement to a measurement according to |IEC 60118-0:1983, without the need for a
manikin and a large anechoic chamber.

7.8.2 Requirements
7.8.2.1 Standard transformation curves

Known transformation of the free-sound-field to the microphone pick-up of the hearing aid.
In Annex A transformations for several hearing aid constructions can be found.

7.8.2.2 Signal source

If the hearing aid has non-linear characteristics, a signal source with digital memory is
required to store the transformation response. In this way, for 60118-0 test conditions the
same acoustic input for the hearing aid is maintained as for the measurement with manikin as
described in 7.4

7.8.3 Test procedure
a) Calibrate sound field in accordance with 6.2.1 of IEC 60118-0:1983.

b) Add to the sound field the transformation curve as required for the construction of the
hearing aid.

c) Measure the full-on acoustic gain frequency response in accordance with 7.3 of
IEC 60118-0: 1983. The result of this measurement is equivalent to the simulated in situ
gain.

d) Derive the full-on simulated insertion as described in 7.4 and by using the manikin
unoccluded-ear gain as available in Annex B.

NMOTE For CIC devices, Table A.1 assumes the receiver terminates at the reference plane as defined in
IEC 60711. No provision is made for devices intended for deeper fittings.

8 Frequency response recording charts

All curves showing variation of a parameter with frequency shall be plotted on a grid having a
linear decibel ordinate scale and a logarithmic frequency abscissa scale with the length of one
decade on the abscissa scale equal to 50 dB on the ordinate scale, in accordance with
IEC 60263.

9 Maximum permitted expanded uncertainty of measurements

The following table specifies the maximum permitted expanded uncertainty for a coverage
factor of k= 2, associated with the measurements undertaken in this standard.

The expanded uncertainties of measurement given in the table, are the maximum permitted
for demonstration of conformance to the requirements of this standard.
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If the actual expanded uncertainty of a measurement exceeds the maximum permitted value
given in Table 1, the measurement shall not be used to demonstrate conformance to the
requirements of this standard.

Table 1 — Values of Umax for basic measurements

Measured quantity Umax
Sound pressure level 200 Hz to 4 000 Hz 1.0 dB
Sound pressure level greater than 4 000 Hz 1.5 dB
Directivity index 0,5
" Frequency 0,5 %

The measurement uncertainty is composed of several factors:
— uncertainty of equipment used, such as sound generators, level meters, measuring
microphones, coupler etc.;

— tolerances of the acoustic coupling of the hearing aid to the coupler. Such tolerances
could be related to diameter and length of tubing;

— accuracy and care of positioning the hearing aid in the test space.

Considering the above factors the measurement uncertainty can be determined.

NMOTE It is good practice to validate the uncertainty by comparing measurement results with an accredited test
laboratory.

The interpretation of the measurement uncertainty is different for the manufacturer, who has
to guarantee the nominal data, and the purchaser.

Manufacturer production test limits: tolerance minus measurement uncertainty. Purchaser
measurement acceptance limits: nominal data plusmeasurement uncertainty.

—
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Annex A
(normative)

Free-field to hearing-aid-microphone transformation

A.1  Microphone location

Figures A.1 to A.4 and Table A.1 illustrate the microphone location for typical hearing aid
constructions and the corresponding free-field to hearing-aid-microphone transformation.

« Behind-the-ear instrument Figure A1
« Full-concha instrument Figure A.2
« Canal size instrument Figure A.3

« Completely-in-the-ear canal instrument Figure A.4

A.2 Measurement conditions

« Manikin according to IEC/TR 60959 (KEMAR - large, right pinna DB-065)
« Ear simulator according to IEC 60711
« azimuth angle 0°

« elevation angle 0°
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Free-field to hearing-aid-microphone transformation

Location of microphone sound inlet response for behind-the-ear instruments

KEMAR right ear 40
5 mm
.
- 30
20
Ear-simulator
7
10
{% .f:z‘h. .F ]
0 == e, =R N
lfl ol
BTE
-10
20
B Section A-B
-30
100 1.000 10 000
IEC 142505
Figure A.1 — Microphone location and corresponding free-field to hearing-aid-
microphone transformation for behind-the-ear instruments
_ | ‘ Free-field to hearing-aid-microphone transformation
Location of microphone sound inlet response for full-concha instruments
KEMAR right ear w0
40
-0 MM
30
i — ~Ear-simulator 20
(% 10}
e = H‘"\.ﬁ‘
ﬂ D T -FE:
T :
" g d
-10
20
B Section A-B
A0
100 K0 10000
=30
100 1000 10 000
IEC 1426/05

Figure A.2 — Microphone location and corresponding free-field to hearing-aid-
microphone transformation for full-concha instruments
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Location of microphone sound inlet Free-field to hearing-aid-microphone transformation
KEMAR right ear response for canal size instruments
A 3 mm
40
30
Ear-simulator
20 )
10 = X
- ————
0 i3
-1"_
-10
B Section A-B
-20
=3
100 1000 10 000
IEC 1427/05

Figure A.3 - Microphone location and corresponding free-field to hearing-aid-
microphone transformation for canal size instruments

Free-field to hearing-aid-microphone transformation

Location of microphone sound inlet _ for completely-in-the-ear canal instruments
KEMAR right ear
_-._ ..‘,_
40
8 mm
oy a0
4|9 x
o s __'!__-1— -
: F"a-sgn- imulator .
o = ' 20 £ = =
7 e — " G ;E
T %
7 \
7
7 10
0
-10
-20
B Section A-B
-30
100 1000 10 000

EC 1428/05

Figure A.4 — Microphone location and corresponding free-field to hearing-aid-
microphone transformation for completely-in-the-ear canal instruments



— 25—

2005

EN 60118-8

G'e| ¥'ZL{ 8.1 S'g 00001

G'L{ ¥'LL1 6'91 6'¢] 8696 L'zl gl m..m_ g'l  198¢ LY VY 2 L0 L£61
g8'L| €017 297 L'} ¥0¥6 6'LY L9 mhm_ ¥l PPLE 8'0) 600 60 €01 L6%I
2% 761 €51 L'H 0zZL6 o'Ly 28 z'sl oL ieoe 2ol 90 2'0f 901 Sl
t'¥| L41 v LW vre8 £LL mnm_ D' 80 LZsE a'Q 60 90 604 <Zorl
Z2¢l 091 9'¢1 L' /198 ow| e 8H €0 sLye gl ¥'0 SO L'L{ 6SEl
9'Ll 8% 627 L'l 8LE8 Loy LY ' Lo Liee ' ¥'0l S0 Z'l1 8LEL
L'0| €'¢1 8’17 6'¢Y 9908 roy 94 s L'01  LLZE m.a_ G0l 9'0 Z'L{ 8121
€0l 21 VIq L'g Zzel coy 94 s Lo FLIE gd 90 29 zi{ ozl
v'ol 801 t07 2'fl 986/ 6g v'4 sH L'0 ozoe 6'00 8'0f 600 ¥l 2Z0ZI
Z'V Lo 2o L'g  9ses o' €4 9% €0 6262 0'} 60 0} ¥4 9911
'y 0 L0 9¢ PELL ed 14 84 vo ovsz Y O'W Ol S'L1 LELL
6z L'z g1 9¢ 8169 o' L4 6% 80 ¥sL gy LY LY S 9601
2% V'€l < #g 60.9 69 24 29 01 1292 ey 2 2l #I{ €901
2l 9¢ 61 £¢ 9059 69 24 S5 ¢ 0652 ey € €Y ¥I{ LEDL
29l 'y 1'g g£'¢g o0Le9 re 74 8'g 8 zise 'Y €'Y €'Y €14 000l
€2l 2'v| 97 0¢ 6119 od z/ 69 zz ocrz v’y E'Y €1 VI 048
L8| §'§ ¢g'g 87 VE6S §'9 0 65 97 292 'Y €LY €1 01{ 06
L6 ¥9 L't 9% ¥&LS od 29 29 87 1622 Gl €'Y ¥ L0 ZL6
Loy V'Zl 2’9 €7 o08ss vy s'9 v'q 0 zzze 'Y S'W ¥V 90 tv8e
g'LLl L'8 29 ¥ givs 6'9q L'9 2's] 2'¢ Psie §'Y s'l ¢l £'0{ 8S8
L'z @' 89 009 8rzs v 8'g 0'sl zZ’® 6802 sy <Y v Lo zee
szi| ze v z'1{ 680s 6d e 94 z& 9zoz sl s #1 Lo los
6'ZL L6 92 L'V| 9e6¥ Z2'q 8% 2% L'E S961 o'y sl 9l 20 2z8.
L'ell 6'6) L4 €' 98LF Gy S'H 8'¢ 67 SO6L LY 9Ly 91 z0 BSL
L'ell 66 L4 20| zZvov 6'¢ 6'¢ 9'¢ Sz 8ol LY LY LY g9 9gL
L'ell @6 €24 90 Losk 2'el L'g Vg ¥z Z6Ll g'yl 'Y 8L ¥0o €L
0'cl| 9'6 69 2V G9E¥ L'g L'y L'y Vg 8ell 6y 8 8% ¥0 z69
8'ZL t6 tv9 91 €£eZ¥ €7 €7 £ 91 589l 6’} 81 8% 90 L9
Gzl €6 L'9 6'Y SOL¥ 6'Y 8y 0g 2V veE9L 6'Y 8L 81 90 LS9
e'zZY e 85 07 186¢ LY 9 9y 80 <85 6 81 81 90 1e9
ap | gp | gp | @p zH a gr|gp|gp| gp zH
212 | 241 | 311 | 318 |Asuanbauy 212 | 241 | 311 (318 Asuanbaiy 212 | 241 | 311|318 | Aouanbaiy

sasuodsal uoljewaojsuel) sauoydosojw-pie-ulieay 0) p|a14-831) SNOLIBA 2} 10O} BJEP |EOLIBWNN — L'V 2|9l

&'l 81 84 90 2L s'o| vo| vo| Lo wve
6'L 81 L'} 90 £E6S PO €0 €0 V0o 9t
g'L| 'Ll 2} 900 sis p'o| €0 €0 Lo 622
g'L| 'L £} 210 8%% z'o| z'o|l €ol Lo zZzz
g'll 9'L SM 200 L¥S z'o| zol €0 Lo siz
G'L| &'W S} 80 SZs g'o| Z'o|l €0 L'o s0Z
v € ¥l 80 608 z'o| zo|l zol Lo <coz
v €L € 80 ve6¥ g'o| cof Zo Lo 961
el €' € 80 6iv Z'o| z'o| zZ'o| Lo 16l
€L €1 € 80 vor z'o| zo|l z'o L0 S8l
€L €' € 80 osy g0l Zo| Zol Lo 6L
'l Z'y £ 80 ilev Z'o| zo| zol Lol vLL
el Z'Y € 80 ezv Z'o| zo| zo Lo 691
e 2y 2V ZZ'o Ly z'o| zo| Zol Lo €91
LW 0'L LM 2'0] 86E Z'o| Zo| zol Lol 85l
o'k &'0] 0} 90 98¢ g'o| 2of Zol Lo ¥SI
6'0| 6'0 60| 9'0 ¥.iE z'o| z'o| Z'o| L'o| 6¥L
6'0| 20| 80 S0 €9¢ z'o| zo|l zol Lo Sl
g'0| 2'0| 80| s'0 Zse g'o| zo| Z'o Lo oFl
g'o| 2'0f 2'0| s'0 L¥E 2'o| 2'o| 2o Lol 9gL
h,n._ 9 90 S0 LEE 20 zo 20 Lo ZEl
go| 90/ 90| ¥o 1zt zo| zo| zol 1o sz
g'o| 9'0| 90| ¥0 LLE Z'o| z'o| z'o| Lo vzl
g0l 90| 90 ¥0 2Z0E Z'o| zo| zo Lo ozl
g'o] s'o| 90| zo €62 g'o| zo| zol 1o ZLL
9'0] s'0f S'0 20| ¥8C Z2'o| 2ol zol Lo €L
¢'0l s'ol g0 10| iz Z'o| zo| zol Lo O
s'o| ¥'ol g0 KO 2192 z'o| zo| zZo Lo 901
g'o] v'of v’ 10| 652 z'o| zo| zo Lo €01
S0 0 ﬂ,a_ L'o|  1sZ g0l zo Hc_ F,m 001
gp gp gp| gp ZH gp | gp gp gp ZH
219 9211 311|318 |Aousanbaiy 212 | 241 311 319 [Aouanbaig




EN 60118-8:2005 - 26 -

Annex B
(normative)

Manikin unoccluded-ear gain
(open ear response)

Figure B.1 and Table B.1 illustrate the manikin unoccluded-ear gain measurement conditions

« Manikin according to IEC/TR 60959

« Ear simulator according to IEC 60711
« Azimuth angle 0°

« Elevation angle 0°

« Large pinna (red)

 Right ear

Unoccluded-ear gain frequency response
40

30

20

10

M

-30 -
100 1000 10 000

IEC 142905

Figure B.1 — Manikin unoccluded-ear gain frequency response



2005

EN 60118-8

_ 927 —

e

9te

S TAA

[

Gie

602

£02

961

L6l

Gl

6.1

Ll

691

£91

851

¥S1

6¥1

G¥l

0¥l

9€lL

el

8¢l

¥el

A S

L]

¥'E 00001
L'0- 8696
8¢ o6
£l 0Z1L6
¥ 88
€9 LlS8
14 BLES
8'ec 9908
! ceal
S0 986,
8'0- 9GEL
Aty PELL
Gl 8169
G'E 60.L9
G 9059
86 0LES
19 6LL9
89 rEBS
9z rGLG
8'8 08GS
8'6 AN
8'01 BCS
cl 6805
£5l 9e6v
£€Cl 98.L¥
gEl Zrov
14" LOSt
14 GOtV
rlL EECY
! GOLY
'yl L 86E
gap ZH
uieb Jea Kouanbaig
papnjaaoun

£l

L'¥l L98E
6L FPrLE
291 LE9E
gl L€SE
G 9l SL¥E
L'9l LLEE
G ol LLZE
1’9l FLLE
G'al 0Z0g
Ll 626¢
S Ll 0r8e
641 FGLE
G'LL 1 L92
g9zl DBSE
AV} A% T4
FAVA ! 9EVE
89l Z9ET
LGl L6ZE
Gl ceee
FlL FGlLe
EEL 680¢
G'Zl 89202
601 Go61
oL S061
'8 B8l
82 6.1
£9 BELL
o GBal
8t FESL
9'¢ GBG|
ap ZH
uieb Jea Aouanbauig
papnjaaoun

OLL

901

asuodsal Aouanbauy uieb Jea-papn|o20un upjiuewW O BIEP |[EILIBWNN — |L'g 2|qel

8¢ LESL
£ L6t L
g & ShilL
L2 20vl
G'Z 6SEL
G¢ gLEL
d 8.2l
6¢ orclL
L'E 20Z!L
A 99L L
o LELL
¢ 9601
e3¢ £901L
G'Z LEOL
G'Z 0001
A 0.6
ZC 06
Fe LB
g Fes8
£¢C g8se
A ces
G ¢ 108
v'e Z8.
v'e 6G.
82 9¢el
GT ELL
Fe 269
SC 129
z LG9
c LED
gp ZH
uieh Jea Kouanbaay
papnjaaoun

0l

A cl9
A £65
Ll GG
| 855
L'l L¥G
91 GZS
G'l 605
Gl ¥eb
G'l 6.LY
Z' vov
L0 G
L0 LEY
80 (A
b LIy
L'} 86¢
60 98¢
L0 ¥v.iE
¥'0 £9€E
¥'0 ¢GE
L'0 L¥E
1'0 LEE
0 e
0 LLE
0 cOg
¥ €62
0 v8e
0 Glé
0 19¢
0 6S¢
0 LGE
ap ZH
uieb Jea Kouanbaud
papnj|aaoun

OO0 QIOIO|QIQIO|IO|O(DI0D|IOIQC|IO|ICIO|IQIO|OI0|I0(Q IO C|O]|C)Q

001

ap

uieb Jea
papnjaaouf

7H
Kouanbai4




EN 60118-8:2005 - 28 -

Annex C
(informative)

General requirements for a manikin

The specifications for a suitable manikin are given in IEC/TR 60959.

The following general properties are listed as essential for measurement purposes:

The dimensions of the head and torso of the manikin should correspond to a carefully
determined anthropometric median derived from the combined population of adult males
and females.

The pinnas of the manikin should have shape, dimensions and flexibility that have been
carefully determined to correspond as much as possible to average adult human pinnas
as derived from the combined population of males and females.

One or two ear simulators should be mounted in the head of the manikin in correct relation
to the pinna(s).

The free field-to-ear simulator microphone transformation (the manikin unoccluded-ear
gain frequency response, MFR) at 0°, 90°, 180° and 270° azimuth angles of sound
incidence with an elevation angle of 0° should be similar to the average adult human free
field to eardrum transformation over the range 200 Hz to 8 000 Hz.

The manikin should be symmetrical about a front-to-back plane that passes through the
reference point and that contains the axis of rotation.

The manikin should have suitable reference marks or fixtures for establishing the correct
location of the head with respect to the torso, for establishing the correct position of the
axis of rotation, for setting the angles of incidence and for matching the locations of the
reference point and the test point.

The surface of the manikin should be non-porous with an acoustic impedance high
compared to that of air.
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Reference point (and top view of axis of rotation).
< It bisects the line joining the centres of the openings
of the ear simulator canals

Axis of rotation ~ ™
and test plane

Reference point 907~

Axis of rotation and
plane of symmetry

[EC 1430005

Figure C.1 - Manikin geometrical references
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. 0 Azimuth angle of sound incidence
\" Range: 0° to 360°

o Testaxis

~—___ Reference point
and test point
Sound source

_ﬂ-f-
_'_‘__,_,_,-'—"
##fﬂ‘ "
_-'—"'_'-'-'_ o
|  10m .
- fﬂd—f”’ e L
-7 ¥—Testaxis
e
-
_-_'—. - l it
P W Elevation angle of sound incidence
a Range: -90° to +90° Reference plane

- Reference point
and test point

IEC 1431705

Figure C.2 — Co-ordinates for angles of azimuth and elevation
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE  Where an international publication has been modified by common modifications, indicated by (mod), the relevant
EN/HD applies.

Publication Year Title EN/HD Year

IEC 60118-0 1983 Hearing aids EN 60118-0 1993
Part 0: Measurement of electroacoustical
characteristics

IEC 60263 -V Scales and sizes for plotting frequency - -
characteristics and polar diagrams

IEC 60711 _ 1) Occluded-ear simulator for the HD 443 S1 1983 2
measurement of earphones coupled to
the ear by ear inserts

IEC 60959 - Provisional head and torso simulator for
acoustic measurements on air conduction
hearing aids

1) Undated reference.

2) Valid edition at date of issue.
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Revisions

British Standards are updated by amendment or revision. Users of
British Standards should make sure that they possess the latest amendments or
editions.

It is the constant aim of BSI to improve the quality of our products and services.
We would be grateful if anyone finding an inaccuracy or ambiguity while using
this British Standard would inform the Secretary of the technical committee
responsible, the identity of which can be found on the inside front cover.

Tel: +44 (0)20 8996 9000. Fax: +44 (0)20 8996 7400.

BSI offers members an individual updating service called PLUS which ensures
that subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: +44 (0)20 8996 2001.

Fax: +44 (0)20 8996 7001. Email: orders@bsi-global.com. Standards are also
available from the BSI| website at http://www.bsi-global.com.

In response to orders for international standards, it is BSI policy to supply the
BSI implementation of those that have been published as British Standards,
unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library and its Technical Help to Exporters

Service. Various BSI electronic information services are also available which give
details on all its products and services. Contact the Information Centre.

Tel: +44 (0)20 8996 7111. Fax: +44 (0)20 8996 7048. Email: info@bsi-global.com.

Subscribing members of BSI are kept up to date with standards developments
and receive substantial discounts on the purchase price of standards. For details
of these and other benefits contact Membership Administration.

Tel: +44 (0)20 8996 7002. Fax: +44 (0)20 8996 7001.

Email: membership@bsi-global.com.

Information regarding online access to British Standards via British Standards

Online can be found at hitp://www.bsi-global.com/bsonline.

Further information about BSI is available on the BS| website at

http://www.bsi-global.com.
Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the
UK, of the publications of the international standardization bodies. Except as
permitted under the Copyright, Designs and Patents Act 1988 no extract may be
reproduced, stored in a retrieval system or transmitted in any form or by any
means — electronic, photocopying, recording or otherwise — without prior written
permission from BSI.

This does not preclude the free use, in the course of implementing the standard,
of necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BS| must be obtained.

Details and advice can be obtained from the Copyright & Licensing Manager.
Tel: +44 (0)20 8996 7070. Fax: +44 (0)20 8996 7553.
Email: copyright@bsi-global.com.




