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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROACOUSTICS — MEASUREMENT MICROPHONES -

Part 5: Methods for pressure calibration of working
standard microphones by comparison

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |EC 61094-§ has been prepared by IEC technical committee 29:
Electroacoustics.

This edition cancels and replaces the first edition published in 2001. This edition constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) details of additional components of uncertainty;

b) revised corrections for type WS3 microphones;

c) provision for the calibration of microphones in driven shield configuration.


http://dx.doi.org/10.3403/02516834U

BS EN 61094-5:2016
IEC 61094-5:2016 © IEC 2016 -5-

The text of this standard is based on the following documents:

CDhV Report on voting
29/870/CDV 29/887A/RVC

Full information on the voting for the approval of this standard 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 of all parts in the |[EC 61904 series, published under the general title Measurement
microphones, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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ELECTROACOUSTICS — MEASUREMENT MICROPHONES -

Part 5: Methods for pressure calibration of working
standard microphones by comparison

1 Scope

This part of |EC 61094-§ is applicable to working standard microphones with removable
protection grids meeting the requirements of FEC 61094-4 and to laboratory standard micro-
phones meeting the requirements of [EC 61094-1..

This part of IEC 61094 describes methods of determining the pressure sensitivity by
comparison with either a laboratory standard microphone or another working standard
microphone with known sensitivity in the respective frequency range.

Alternative comparison methods based on the principles described in |[EC 61094-2 are
possible but beyond the scope of this part of IEC 61094.

2 Normative references

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

EC 61094-1, Measurement microphones — Part 1: Specifications for laboratory standard
microphones

EC 61094-4, Measurement microphones — Part 4: Specifications for working standard
microphones

3 Terms and definitions

For the purposes of this document, the terms and definitions given in |EC 61094-1 and the
following apply.

3.1

reference microphone

laboratory standard microphone or working standard microphone with known pressure
sensitivity

3.2

test microphone

laboratory standard microphone or working standard microphone to be calibrated by
comparison with a reference microphone

3.3
monitor microphone
microphone used to measure changes in sound pressure
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3.4

coupler

device which, when fitted with microphones, forms a cavity of predetermined shape and
dimensions and provides an acoustic coupling element between the microphones and
between the microphones and the sound source

3.5

jig

device which, when fitted with microphones, holds them with their diaphragms face to face
separated by a small distance but does not enclose the space between them

4 Reference environmental conditions

The reference environmental conditions are:

temperature 23,0 °C

static pressure 101,325 kPa

relative humidity 50 %
5 Principles of pressure calibration by comparison

5.1 Principles
51.1 General principle

The pressure sensitivity of a measurement microphone is defined in terms of a sound
pressure applied uniformly over the diaphragm. Consequently, the pressure sensitivity can
only be realised in principle for microphones from which the protection grid can be removed
and the diaphragm exposed to the sound pressure stimulus.

The principle of these comparison methods is that when the reference microphone and the
test microphone are exposed to the same sound pressure either simultaneously or
sequentially, the ratio of their pressure sensitivities is given by the ratio of their open-circuit
output voltages. The sensitivity (both modulus and phase) of the test microphone can then be
calculated from the sensitivity of the reference microphone.

The principle of the method allows the test microphone to be attached to a particular
preamplifier and the sensitivity of the system may be referred to the output of that
preamplifier.

Multi-frequency measurements can be performed particularly rapidly if a wideband sound
source is used and the output voltages of the microphones are analysed in narrow bands.

NOTE |If the reference and test microphones have significantly different frequency response characteristics, e.g.
around resonance frequencies, or when a pressure response microphone is compared with a free-field response
microphone, this approach can lead to errors when the intention is to determine the pressure sensitivity at the test
frequency, rather than the test frequency band. Due consideration of the analysis bandwidth is advised to avoid
such errors. Typically, a bandwidth of 1/6!-octave or narrower will be sufficient to constrain any error to less than
0,01 dB. However further caution is advised on reducing the bandwidth too severely, as can be possible with FFT
(fast Fourier transform) analysers, as this can highlight deficiencies such as standing waves in the sound field,

which can also lead to errors (see [1]1 for further details).
5.1.2 General principles using simultaneous excitation

In order for the two microphones to be simultaneously exposed to essentially the same sound
pressure it is usually necessary for the front surfaces of the two microphones to be separated

1 Numbers in brackets refer to the bibliography.
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by a small fraction of the wavelength at the highest frequency of interest. For frequencies up
to 20 kHz, this can be achieved by mounting the two microphones face-to-face separated by
approximately 1 mm in either a coupler or a jig.

The optimum microphone separation is somewhat dependent on the acoustic environment and
should be determined for a particular set-up. Details of likely levels of performance can be
found in [1]1

Couplers usually contain an integral sound source; jig mounted microphones are usually
exposed to an externally produced sound field. In order to reduce the effect of systematic
differences in sound pressure between the two microphone positions, for example caused by
some asymmetries, the following procedure shall be used: after the ratio of the microphone
pressure sensitivities is first determined, the microphones shall be interchanged, and the
measurement repeated. The sensitivity is then calculated from the mean of the two ratios.
Examples of practical arrangements and precautions to be taken are given in Annex A.

NOTE Avoiding asymmetry and standing waves in the sound field, especially in jig configurations, has a
significant beneficial impact on the reliability of the results.

51.3 General principles using sequential excitation

In order for the two microphones to be sequentially exposed to essentially the same sound
pressure, either the exchange of microphones shall not change the sound pressure
significantly or any significant change shall be detected and corrected. This can be achieved
by incorporating a sound source, a monitor microphone, and the test/reference microphone in
a coupler. In any design of coupler, the monitor microphone shall accurately sense changes in
the sound pressure at the test/reference microphone position. Examples of practical
arrangements are given in Annex B.

5.2 Measuring the output voltages of the microphones

The output of a test or reference microphone may be determined as the open-circuit voltage
by use of the insert voltage technique (see 5.3 of |[EC 61094-2:2009) or by using a measuring
system consisting of a high input impedance microphone preamplifier and a voltmeter (see
Annex C).

The method used to measure the output voltage of the test microphone shall be stated on any
calibration certificate.

6 Factors influencing the pressure sensitivity

6.1 General

The pressure sensitivity of a measurement microphone can depend on environmental
conditions. Further, the definition of the pressure sensitivity implies that certain requirements
be fulfilled by the measurements. It is essential during a calibration that these conditions are
controlled sufficiently well if the resulting uncertainty components are to remain small.

6.2 Microphone pressure equalization mechanism

The normal construction of a measurement microphone has the cavity behind the diaphragm
fitted with a narrow pressure-equalizing tube to permit the static pressure to be the same on
both sides of the diaphragm. Consequently, at very low frequencies, this tube also partially
equalizes the sound pressure. If, during the calibration, the sound which is coherent with that
on the diaphragm is incident on the pressure-equalizing tube, then this could change the
apparent sensitivity at low frequencies and the result would not be the true pressure
sensitivity.
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In a jig, where sound is incident on the pressure equalizing tube, the size of this change shall
be determined by comparing calibrations made in the jig with calibrations made in a coupler
that does not expose the pressure equalizing tube to the sound field.

In a coupler an "O" ring can be used to seal the gap between the coupler and the microphone.
If this is done, care shall be taken to ensure that the "O" ring does not exert undue force on
the microphone and cause a change in sensitivity.

6.3 Polarising voltage

If the test microphone requires an external polarising voltage, then the polarising voltage used
during the calibration shall be reported.

If the reference microphone requires an external polarising voltage, then any difference
between that applied when it was calibrated and that applied when it is used as the reference
microphone shall be allowed for in the uncertainty calculations (see Annex D).

6.4 Reference shield configuration

shall be used.

When the open-circuit voltage is measured, the shield configurations given in JEC 61094-1 or
EC 61094-4

If a microphone is intended to be used with a preamplifier having a non-standard shield
configuration, then it shall be calibrated as a system along with its preamplifier.

When insert voltage calibrations are performed, it shall be stated whether output voltage from
the microphone is applied to the shield (driven shield configuration), or whether the shield is
grounded.

If the instruction manual specifies a maximum mechanical force to be applied to the central
electrical contact of the microphone, this limit shall not be exceeded.

6.5 Pressure distribution over the diaphragms

The definition of the pressure sensitivity assumes that the sound pressure over the diaphragm
is applied uniformly. The output voltage of a microphone presented with a non-uniform
pressure distribution over the surface of the diaphragm will differ from the output voltage of
the microphone when presented with a uniform pressure distribution having the same mean
value, because the microphone is usually more sensitive to a sound pressure at the centre of
the diaphragm.

Uniformity of sound pressure over the diaphragm of the microphone can be optimised by
maintaining the radial symmetry of the sound field around the circumferences of the
microphones. This can be achieved using a radially symmetric sound source positioned
coaxially with the microphones and, when the microphones are mounted in a jig, with the
microphones positioned in the far field of the sound source. Although pressure non-uniformity
over the surface of the diaphragm can be minimised by using a radially symmetric sound
source, some non-uniformity at high frequencies can remain even with a perfect source.

It is difficult to control the uniformity of the sound field in an actual calibration set-up.
However, the combined effect of asymmetries in the sound field and in the microphones
becomes evident when the microphones are rotated relative to each other about their axis of
symmetry. Thus, the related component of measurement uncertainty can be reduced by
averaging results from a number of such measurement configurations.

NOTE When comparing microphones of the same model, the requirement for uniformity of the sound field reduces
to a requirement of rotational symmetry of the sound field.
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Alternatively, issues with sound field non-uniformity can be overcome if excitation is made
with a diffuse sound field, for example in a reverberation room. Care should be taken to avoid
creating standing waves in the sound field surrounding the microphones as these can cause
significant and unpredictable measurement errors. A broadband source, or repeated
measurements at different positions within the field, is also necessary to achieve a sufficiently
low measurement uncertainty.

The effect of a non-uniform pressure distribution over the surface of the diaphragm will be
significantly greater if the test and reference microphones are of different diameters. A
theoretical model which can be used to apply corrections and assess the uncertainties in this
case is given in the literature (for example [1]).

6.6 Dependence on environmental conditions

The sensitivity of a microphone can depend on static pressure, temperature or humidity. This
dependence can be determined by comparison with a well characterised laboratory standard
microphone over a range of conditions.

If the reference microphone and the test microphone are different manufacturer models, then
the sensitivity of the reference microphone shall be corrected to the actual environmental
conditions during the test. Alternatively, if they are of the same model, there can be an
advantage in assuming that they have the same dependence on environmental conditions so
that the calibration of the test microphone can be referred to the conditions at which the
calibration of the reference microphone is valid.

Alternatively, when reporting the results of a calibration, the pressure sensitivity can be
corrected to the reference environmental conditions if reliable correction data are available.

The actual conditions during the calibration shall be reported.

6.7 Validation

Calibrations performed in any particular jig or coupler shall be validated by comparison with
calibrations performed in other jigs and couplers and alternative sound sources. A separate
validation is necessary for each different type of microphone. If the test microphone is a
laboratory standard microphone, then the jig or coupler can be validated by comparing a
comparison calibration with a reciprocity calibration. For some microphones, it can be
necessary to use more than one jig and/or coupler to cover a full frequency range with low
uncertainty.

7 Calibration uncertainty components

71 General

In addition to the factors influencing the pressure sensitivity mentioned in Clause 6, further
uncertainty components are introduced by the method, the equipment and the degree of care
under which the calibration is carried out. Factors which affect the calibration in a known way
should be measured or calculated with an accuracy necessary to achieve the desired overall
measurement uncertainty, and with as high an accuracy as practicable if their influence is to
be minimised.

7.2 Sensitivity of the reference microphone

The uncertainty in the sensitivity of the reference microphone directly affects the uncertainty
in the sensitivity of the test microphone.



BS EN 61094-5:2016
IEC 61094-5:2016 © IEC 2016 -1 -

7.3 Measurements of microphone output

Uncertainties of random or time-varying nature in the measurement of the outputs of the
microphones directly affect the uncertainty in the sensitivity of the test microphone.

Uncertainties of systematic nature in the measurement of the outputs of the microphones can
affect the uncertainty in the sensitivity of the test microphone. The uncertainty can be reduced
if the same system is used for both the test and reference microphones.

If test and reference microphone are measured simultaneously, systematic uncertainty can be
reduced using the procedure described in Annex C.

7.4 Differences between the sound pressure at the test microphone and that at the
reference microphone

With simultaneous or sequential excitation, differences in the acoustic impedance between
the test and reference microphones can cause the sound pressure at the test and reference
microphones to differ. A theoretical model which may be used to assess the resulting
uncertainty can be found in the literature (for example [2]).

7.5 Acoustic impedances of the microphones

When the reference microphone and the test microphone have significantly different acoustic
impedances (for example, pressure and free-field response microphones at frequencies above
10 kHz), they can respond differently to the same sound field because of differing volume
velocities at the diaphragms. It is recommended that wherever possible a reference
microphone of similar acoustic impedance to that of the test microphone be used. If no
suitable reference microphone is available, the size of the error caused should be estimated
and added to the uncertainty budget.

7.6 Microphone separation distance

The ideal microphone separation distance used in simultaneous excitation measurements
should be established for each acoustic environment in which jig measurements are to be
carried out. The distance can be determined by making a series of measurements at different
separations and comparing the results with a primary pressure calibration for the same
microphone. Measurements made in some sound fields can be very sensitive to very small
changes in microphone separation distance and microphone position relative to the sound
field. In these cases it is preferable to improve the sound field rather than the positioning
system because a very reproducible positioning system can introduce repeatable systematic
errors that are not easily detected.

7.7 Microphone capacitance

In some calibration methods (for example the approach outlined in Annex C), the gain of the
microphone preamplifier(s) used is assumed to be constant when fitted with different
microphones. However the gain of the preamplifier is typically a function of the attached
microphone capacitance.

Therefore a correction should be made or a component of uncertainty allowed if the
capacitances of the reference microphone and test microphone are sufficiently different for
the influence on the preamplifier gain to be significant.

NOTE This effect is avoided if the insert voltage technique is used.
7.8 Microphone configuration during calibration

It may be necessary to fit a microphone with one or more adapters suiting a particular
calibration coupler or configuration. Such adapters may have an influence on the sensitivity of
the microphone, and this shall be included as an uncertainty component.
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NOTE Both the reference and test microphones can be influenced by the fitting of adapters.

7.9 Uncertainty on pressure sensitivity level

For determining the pressure sensitivity level of working standard microphones, when the
reference microphone has been calibrated in accordance with , it is estimated
that a comparison calibration of microphones of the same diameter can achieve an expanded
uncertainty with coverage factor 2 (see ISO/IEC Guide 98-3) of approximately 0,1 dB at low
and middle frequencies. The uncertainty increases to about 0,2 dB at 10 kHz and 20 kHz for
WS1P and WS2P working standard microphones, respectively. Annex D contains an example
of an uncertainty analysis.
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Annex A
(informative)

Examples of couplers and jigs for simultaneous excitation

A.1 A coupler for use with WS2 microphones at frequencies up to 10 kHz

The coupler shown in Figure A.1 allows two microphones with exposed diaphragms to be
inserted face-to-face separated by about 2 mm. The coupler contains a radial sound source
that generates a radially symmetric acoustic field between the diaphragms. In this example
the grid of the test microphone has been removed and replaced with an adaptor ring to give
the configuration of an LS2 microphone. Variations on the principle could include a slightly
larger diameter coupler where the test microphone would be supported by other means.

Dimensions in millimetres
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Preamplifier A
Microphone A
Microphone B
Preamplifier B
Coupler cavity, diameter 9,3 mm

Sound inlet

N o o~ WN

Cylindrical source diaphragm

Figure A.1 — A coupler for use with WS2 microphones

This method may also be used without removing any protection grid from the test microphone
provided that the presence of the grid is allowed for in the uncertainty calculation. The grid
can cause an unacceptable level of measurement uncertainty at high frequencies, effectively
reducing the frequency range over which the coupler can be used.
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A.2 Ajig for use with WS2 or WS3 microphones at frequencies up to 20 kHz

A simple arrangement for holding and positioning an LS2 microphone and a WS2 microphone
in a suitable position for a simultaneous calibration is shown in Figure A.2. The jig is enclosed
in an acoustic chamber with a loudspeaker providing the sound source. The preferred location
for the sound source is on the axis of symmetry of the microphones. The detailed positioning
for WS2 and WS3 microphones is shown in Figures A.3 and A.4 respectively. Note that the
protection grids have been removed.

IEC

Figure A.2 - A jig fitted with an LS2 and WS2 microphone

Dimensions in millimetres

] ]

IEC IEC

NOTE The dimension shown is the diaphragm-to- NOTE The dimension shown is the diaphragm-to-

diaphragm separation diaphragm separation. This separation distance is the
only one for which the corrections specified in Table
A.1 are valid

Figure A.3 — Example arrangement of LS2 Figure A.4 — Example arrangement of LS2
and WS2 microphones in a jig and WS3 microphones in a jig

When the arrangement of Figure A.4 is used, corrections are required to account for the radial
sensitivity of the microphones and the fact that the test microphone is smaller than the
reference microphone. Table A.1 gives corrections to be added to the sensitivity level of the
WS3 microphone assuming that the reference microphone is of type LS2aP (see [1]) and that
the sound field is radially symmetrical. The expanded uncertainty on the corrections is
estimated to be 10 % of their value (in dB) which is approximately the change observed by
doubling the distance between the microphones.
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If the sound arrives from a direction other than the axis of symmetry of the jig, measurements
should be made with the sound arriving from several different directions and an average
taken. A convenient means of achieving this is to use a diffuse sound field.

Table A.1 — Calculated corrections to be added to the sensitivity level
of the WS3 microphone when using the arrangement in Figure A.4

Frequency Correction
kHz dB
1 —-0,004
1,25 -0,006
1,6 -0,009
2 -0,015
2,5 -0,023
3,15 —-0,036
4 -0,059
5 -0,092
6,3 -0,146
8 -0,235
10 -0,367
12,5 -0,572
16 -0,933
20 -1,443
NOTE The expanded uncertainty is estimated to be 1/10"™ of the value of the
correction (in decibels).
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Annex B
(informative)

Examples of couplers for sequential excitation

B.1 A coupler for use with LS1 microphones at frequencies up to 8 kHz

A coupler for use with LS1 microphones is shown in Figure B.1. A WS1P microphone, used as
the sound source, is screwed directly into the upper port of the coupler without any protection
grid or adaptor. A probe tube microphone is inserted from the side of the coupler so that the
probe tip is one-third of the distance along a radius from the wall, and is used to control the
sound pressure in the coupler. The acoustic impedance of the probe tube microphone used
can affect the results, but a tube with an acoustic impedance of 800 MPa-s-m=3 has been
used successfully. The test and reference microphones are held in the coupler by a yoke and
spring arrangement.

If both test and reference microphones are WS1 microphones converted to the LS1
configuration with an adaptor ring, the same adaptor ring should be used on both
microphones.

Dimensions in millimetres

1,2

19

23,85 |

IEC

Key

N

Aperture for source microphone
Thread to fit source microphone
Position of source microphone diaphragm

Probe tube

a A WO DN

Aperture for test and reference microphone

Figure B.1 — A coupler for use with LS1 microphones

B.2 A coupler for use with WS2 microphones at frequencies up to 16 kHz

Figure B.2 shows a coupler that can be used for sequential comparison calibrations of WS2
microphones. A cylindrical source diaphragm generates a radially symmetric sound field and a
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monitor microphone detects the change in sound pressure when the test microphone is
replaced by the reference microphone.

Dimensions in millimetres
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Monitor microphone
Test/reference microphone

Coupler cavity, diameter 9,3 mm

A 0N

Cylindrical source diaphragm

Figure B.2 — A coupler for use with WS2 microphones

This method may also be used without removing any protection grid from the test microphone
provided that the presence of the grid is allowed for in the uncertainty calculation.
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Annex C
(informative)

Determining the open-circuit sensitivity of a measurement
microphone without using the insert-voltage method

When a comparison calibration is being performed, it is possible to determine the open-circuit
sensitivity of the test microphone without using the insert-voltage method. It is necessary for
the open-circuit sensitivity of the reference microphone to be known and a correction (or
uncertainty) to be included for any difference due to the test and reference microphone
presenting a different electrical source impedance to the preamplifier. The principle is that by
interchanging the microphones between the two measuring channels and repeating the
measurements, any difference in the gains of the two channels (and some other systematic
effects) can be eliminated. This can be demonstrated by the following.

When two microphones with their diaphragms facing are at close proximity to each other, and
their outputs measured as levels on two measurement channels, then the level reading
difference, Lsq1o, between the two channels (neglecting any influence of microphone
capacitance) is

Lo1p = (Ly+ Ligg + Lgg + Lwa) = (Ly + L + Lgq + Lyg) (C.1)

Lyand L,  are the pressure sensitivity levels of the microphones;
L1 and L, are the gains of the measuring systems;

Ly is the sound pressure level that the excitation sound source produces at the
centre point mid-way between the microphone diaphragms;

Lwa represents the difference between the sound pressure level at the microphone
diaphragm at position A and L;

Lywg represents the difference between the sound pressure level at the microphone
diaphragm at position B and L.

Equation (C.1) assumes that the microphones have different sensitivities, but are otherwise
identical in their mechanical and electroacoustic characteristics.

When the microphones are interchanged, the level reading difference between the two
channels is

Leo1 = Lo+ Ly +Lgo+Lwa) = (Lq+ Lo + Ly + Lyyg) (C.2)

where
Lyo is the sound pressure level that the excitation sound source produces at the
centre point mid-way between the microphone diaphragms after the interchange.

From the difference between Equation (C.1) and Equation (C.2), the sensitivity level
difference between the two microphones is

(L4 — L) ="(Lc1z — Lcan) (C.3)

If L, is the pressure sensitivity level of a reference microphone, then the pressure sensitivity
level L, of the test microphone can be deduced without any knowledge of L1, L2, Lg1, Lgo

LWA or LWB
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Annex D
(informative)

Typical uncertainty analysis

D.1 Introduction

The following is an example uncertainty calculation for a hypothetical calibration protocol. It
should not be taken as an exhaustive list of possible uncertainty components, or an indication
of typical uncertainty values.

D.2 Analysis

The uncertainties given in Table D.1 are calculated for the example of a simultaneous
calibration of a low sensitivity type WS2P microphone using an LS2P reference microphone.
The coupler shown in Figure A.1 is used, and there are three repeats of the calibration. The
microphones are interchanged in the coupler ports and on the pre-amplifiers to eliminate the
effects of any asymmetry in the coupler and any differences in gain in the two measurement
channels (see Annex C). The results are not referred to the reference environmental
conditions.

The sensitivity M, of the test microphone is calculated from the formula:

Miest = Mres X Ry / Rp

where

M, ot is the pressure sensitivity of the reference microphone;

Ry is the ratio of the output voltages of the test and reference microphones;

Rp is the ratio in the effective sound pressure acting on the two microphones. Ry is often

reduced to unity by the process described in Annex C and the corrections such as
those given in Annex B, but it will have some residual uncertainty.

For this example, figures are given for a frequency of 2 kHz only. In practice, the calculation
is repeated for each frequency used. The reported uncertainty is based on a standard
uncertainty multiplied by a coverage factor & = 2, providing a level of confidence of
approximately 95 %.

The measurement uncertainty arises from eight different sources, but additional components
can be required in particular set ups or microphone configurations. The component due to
repeatability is evaluated as a type B uncertainty based on limits established by a large
number of similar measurements; the remaining components are also evaluated as type B. It
is assumed that the sensitivity of the microphone is linearly dependent on each component
and that the calibration of the reference microphone refers to the actual measurement
conditions.



BS EN 61094-5:2016
- 20 - IEC 61094-5:2016 © IEC 2016

Table D.1 — Example uncertainty budget

Standard
Component uncertainty
dB

Sensitivity of reference microphone 0,025

The uncertainty associated with the calibration of the laboratory standard microphone used as
the reference, is quoted on its calibration certificate as +0,05 dB with a coverage factor of k = 2.
This is equivalent to a standard uncertainty of 0,05/2 dB = 0,025 dB.

Microphone capacitance 0,006

As the insert voltage technique is not used, and the preamplifiers used in the system have a non-
zero input capacitance, the measurement will be influenced by the capacitance of the
microphone. In a comparison calibration, the effects will cancel out if the test and reference
microphone have the same nominal capacitance. However when this is not the case, an
uncertainty will be introduced. From a knowledge of the input impedance of the pre-amplifiers
and the manufacturer’s specification for the capacitance of the microphones, it is possible to
calculate that, in this particular instance, the semi-range of this component is 0,01 dB with a
rectangular distribution. This is equivalent to a standard uncertainty of 0,01/Y3 dB = 0,006 dB.

Non-linearity 0,017

The response of the analyser to signals of different magnitudes could be in error by a small
amount. Tests of the analyser are performed with two different calibrated attenuators which are
separately placed to mimic the level differences that are expected to be measured in the actual
calibration. The microphone calibration is only allowed to proceed if the difference between the
results of these tests and the known values of the attenuators is within 0,03 dB. Hence the semi-
range of this component is 0,03 dB with a rectangular distribution. This is equivalent to a
standard uncertainty of 0,03/V3 dB = 0,017 dB.

Microphone impedance 0,003

The acoustical impedance of the microphone acts in series with that of the air in the space
between the two microphones. Microphones with different acoustic impedance therefore see
slightly different pressures when simultaneously exposed to the same pressure field (see 7.4 and
[2]). The magnitude of the effect when high sensitivity and low sensitivity type WS2P
microphones are compared, is a worse case and taken as the uncertainty in this example. At 2
kHz, the semi-range of this component is 0,005 dB with a rectangular distribution. This is equivalent
to a standard uncertainty of 0,005/Y3 dB = 0,003 dB. When microphones have significantly differing
impedances (for example WS2F microphone compared against LS2P at frequencies above 10
kHz), the measurement uncertainty can be considerably larger and should be established
experimentally.

Polarising voltage 0,005

The polarising voltage affects the sensitivity of both the reference and test microphones. If the
same polarising voltage is applied to both microphones the effect will be negligible. However if
one microphone is pre-polarised, this will not be the case and the error will persist. The
polarising voltage is set to (200,0 + 0,2) V giving a semi-range for this component of 20 Ig
(200,2/200) dB with a rectangular distribution. This is equivalent to a standard uncertainty of
0,005 dB.

Repeatability 0,025

Found from the standard uncertainties of a large number of similar measurements.

Drift in reference microphone sensitivity since last calibration 0,017

The sensitivity of the reference microphone can have changed since it was calibrated. Two
calibrated reference microphones are compared against each other as a check before the
calibration of test microphones. The comparison calibration and the reference calibration of the
reference microphone should agree within 0,03 dB. However, the value used during a calibration
must be further reduced by the uncertainty associated with the comparison measurement. The
standard uncertainty of this component is 0,03/Y3 dB = 0,017 dB.

Rounding of reported results 0,003

The result is reported with a resolution of 0,01 dB, giving a semi-range of 0,005 dB with a
rectangular distribution. This is equivalent to a standard uncertainty of 0,005/43 dB = 0,003 dB.
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Standard
Additional components for special cases uncertainty
in dB
Corrections for the difference in diaphragm diameter when calibrating a type WS3 Frequency
microphone against a type LS2 reference microphone. dependent

The expanded uncertainty directly associated with the calculated correction is estimated to
be 10 % of the value of the correction (in decibels).

The unaccounted for difference between the corrected comparison calibration of a WS2
microphone compared against an LS1 reference microphone and a pressure reciprocity
calibration of the same WS2 performed as a validation of the method.

The uncertainty associated with variations in the diaphragm and microphone diameters of
WS3 microphone models.

(see Table A.1.)

Uncertainties associated with system calibrations

When microphones are calibrated as a system (i.e. in conjunction with a preamplifier) the
effect due to any deviation from 200 V in the polarisation voltage supplied by the power
supply unit is not cancelled out during the measurement.

The component associated with microphone capacitance should be re-considered to account
for the capacitance presented by the microphone system to each of the measurement system
preamplifiers.

0,002

Frequency
dependent

<0,02 above 200 Hz

D.3 Combined and expanded uncertainties

The combined standard uncertainty is found from the root-sum-square of the uncertainty
components, which gives a value of 0,040 dB (a strict calculation would require each
component to be converted from logarithmic to linear form before doing the combination but
as the values are very small, the result would be essentially the same). The expanded

uncertainty with a coverage factor of 2 is then 0,08 dB.




(1]

(2]

(3]

[4]

(3]

(6]

[7]

(8l

(9]

BS EN 61094-5:2016
- 22 - IEC 61094-5:2016 © IEC 2016

Bibliography

BARHAM R., BARRERA-FIGUEROA S. and AVISON J. E. M., Secondary pressure
calibration of measurement microphones. Metrologia. 51. 2014.

JARVIS D.R., Methods for determining the pressure sensitivity of working standard
microphones — a report on Euromet project A311. NPL report CIRA(EXT)010, 1996

FEDTKE T., Investigation of secondary pressure calibration methods for the phase
response of measurement microphones. Acustica 82 Suppl 1, S 174, 1996

JARVIS D.R. and WATKINS S.A., Methods for determining the pressure sensitivity of
IEC type WS3 measurement microphones. NPL report CIRA(EXT)022, 1997

WONG G.S.K., LIXUE Wu, Interchange microphone method for calibration by
comparison. Internoise 98

WONG G.S.K., EMBLETON T.F.W., Three-port two-microphone cavity for acoustical
calibrations. J. Acoust. Soc. Am. 71, p.1276-1277, 1982.

WONG G.S.K., Precision method for phase match of microphones. J. Acoust. Soc. Am.
90, p.1253-1255, 1991.

IEC 61094-2:2009, Measurement microphones — Part 2: Primary method for pressure
calibration of laboratory standard microphones by the reciprocity technique

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


http://dx.doi.org/10.3403/30158335

This page deliberately left blank



NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

British Standards Institution (BSI)

BSI is the national body responsible for preparing British Standards and other
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization
products are published by BSI Standards Limited.

About us

We bring together business, industry, government, consumers, innovators
and others to shape their combined experience and expertise into standards
-based solutions.

The knowledge embodied in our standards has been carefully assembled in
a dependable format and refined through our open consultation process.
Organizations of all sizes and across all sectors choose standards to help
them achieve their goals.

Information on standards

We can provide you with the knowledge that your organization needs

to succeed. Find out more about British Standards by visiting our website at
bsigroup.com/standards or contacting our Customer Services team or
Knowledge Centre.

Buying standards

You can buy and download PDF versions of BSI publications, including British
and adopted European and international standards, through our website at
bsigroup.com/shop, where hard copies can also be purchased.

If you need international and foreign standards from other Standards Development
Organizations, hard copies can be ordered from our Customer Services team.

Copyright in BSI publications

All the content in BSI publications, including British Standards, is the property

of and copyrighted by BSI or some person or entity that owns copyright in the
information used (such as the international standardization bodies) and has
formally licensed such information to BSI for commercial publication and use.
Save for the provisions below, you may not transfer, share or disseminate any
portion of the standard to any other person. You may not adapt, distribute,
commercially exploit, or publicly display the standard or any portion thereof in any
manner whatsoever without BSI's prior written consent.

Storing and using standards
Standards purchased in soft copy format:

e A British Standard purchased in soft copy format is licensed to a sole named
user for personal or internal company use only.

e The standard may be stored on more than 1 device provided that it is accessible
by the sole named user only and that only 1 copy is accessed at any one time.

e Asingle paper copy may be printed for personal or internal company use only.

Standards purchased in hard copy format:

e A British Standard purchased in hard copy format is for personal or internal
company use only.

e [t may not be further reproduced — in any format — to create an additional copy.
This includes scanning of the document.

If you need more than 1 copy of the document, or if you wish to share the
document on an internal network, you can save money by choosing a subscription
product (see ‘Subscriptions’).

bsi.

Reproducing extracts

For permission to reproduce content from BSI publications contact the BSI
Copyright & Licensing team.

Subscriptions

Our range of subscription services are designed to make using standards

easier for you. For further information on our subscription products go to
bsigroup.com/subscriptions.

With British Standards Online (BSOL) you'll have instant access to over 55,000
British and adopted European and international standards from your desktop.

It's available 24/7 and is refreshed daily so you'll always be up to date.

You can keep in touch with standards developments and receive substantial
discounts on the purchase price of standards, both in single copy and subscription
format, by becoming a BSI Subscribing Member.

PLUS is an updating service exclusive to BSI Subscribing Members. You will
automatically receive the latest hard copy of your standards when they're

revised or replaced.

To find out more about becoming a BSI Subscribing Member and the benefits

of membership, please visit bsigroup.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards
publications on your intranet. Licences can cover as few or as many users as you
wish. With updates supplied as soon as they're available, you can be sure your
documentation is current. For further information, email subscriptions@bsigroup.com.

Revisions
Our British Standards and other publications are updated by amendment or revision.

We continually improve the quality of our products and services to benefit your
business. If you find an inaccuracy or ambiguity within a British Standard or other
BSI publication please inform the Knowledge Centre.

Useful Contacts

Customer Services

Tel: +44 345 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 345 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK



	30301021-VOR.pdf
	English 
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Reference environmental conditions
	5 Principles of pressure calibration by comparison
	5.1 Principles
	5.1.1 General principle
	5.1.2 General principles using simultaneous excitation
	5.1.3 General principles using sequential excitation

	5.2 Measuring the output voltages of the microphones

	6 Factors influencing the pressure sensitivity
	6.1 General
	6.2 Microphone pressure equalization mechanism
	6.3 Polarising voltage
	6.4 Reference shield configuration
	6.5 Pressure distribution over the diaphragms
	6.6 Dependence on environmental conditions
	6.7 Validation

	7 Calibration uncertainty components
	7.1 General
	7.2 Sensitivity of the reference microphone
	7.3 Measurements of microphone output
	7.4 Differences between the sound pressure at the test microphone and that at the reference microphone
	7.5 Acoustic impedances of the microphones
	7.6 Microphone separation distance
	7.7 Microphone capacitance
	7.8 Microphone configuration during calibration
	7.9 Uncertainty on pressure sensitivity level

	Annex A  (informative)   Examples of couplers and jigs for simultaneous excitation
	A.1 A coupler for use with WS2 microphones at frequencies up to 10 kHz
	A.2 A jig for use with WS2 or WS3 microphones at frequencies up to 20 kHz

	Annex B  (informative)  Examples of couplers for sequential excitation
	B.1 A coupler for use with LS1 microphones at frequencies up to 8 kHz
	B.2 A coupler for use with WS2 microphones at frequencies up to 16 kHz

	Annex C  (informative)  Determining the open-circuit sensitivity of a measurement  microphone without using the insert-voltage method
	Annex D  (informative)  Typical uncertainty analysis
	D.1 Introduction
	D.2 Analysis
	D.3 Combined and expanded uncertainties

	Bibliography
	Figures 
	Figure A.1 – A coupler for use with WS2 microphones
	Figure A.2 – A jig fitted with an LS2 and WS2 microphone
	Figure A.4 – Example arrangement of LS2 and WS3 microphones in a jig
	Figure A.3 – Example arrangement of LS2 and WS2 microphones in a jig
	Figure B.1 – A coupler for use with LS1 microphones 
	Figure B.2 – A coupler for use with WS2 microphones 

	Tables 
	Table A.1 – Calculated corrections to be added to the sensitivity level of the WS3 microphone when using the arrangement in Figure A.4
	Table D.1 – Example uncertainty budget


	Français 
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	4 Conditions ambiantes de référence
	5 Principes de l'étalonnage en pression par comparaison
	5.1 Principes
	5.1.1 Principe général
	5.1.2 Principes généraux utilisant une excitation simultanée
	5.1.3 Principes généraux utilisant une excitation séquentielle

	5.2 Mesure des tensions de sortie des microphones

	6 Grandeurs d'influence sur l'efficacité en pression
	6.1 Généralités
	6.2 Mécanisme d'égalisation de pression des microphones
	6.3 Tension de polarisation
	6.4 Configuration du blindage de référence
	6.5 Distribution de la pression sur les membranes
	6.6 Influence des conditions ambiantes
	6.7 Validation

	7 Composantes d'incertitude d'un étalonnage
	7.1 Généralités
	7.2 Efficacité du microphone de référence
	7.3 Mesures des signaux de sortie du microphone
	7.4 Différences entre la pression acoustique appliquée sur le microphone en essai et celle appliquée sur le microphone de référence
	7.5 Impédances acoustiques des microphones
	7.6 Distance de séparation des microphones
	7.7 Capacité du microphone
	7.8 Configuration du microphone pendant l'étalonnage
	7.9 Incertitude sur le niveau d'efficacité en pression

	Annexe A  (informative)   Exemples de coupleurs et de gabarits-supports  pour une excitation simultanée
	A.1 Coupleur utilisable avec les microphones de type WS2 pour les fréquences allant jusqu'à 10 kHz
	A.2 Gabarit-support utilisable avec les microphones de type WS2 ou WS3 pour les fréquences allant jusqu'à 20 kHz

	Annexe B  (informative)  Exemples de coupleurs pour une excitation séquentielle
	B.1 Coupleur utilisable avec les microphones de type LS1 pour les fréquences allant jusqu'à 8 kHz
	B.2 Coupleur utilisable avec les microphones de type WS2 pour les fréquences allant jusqu'à 16 kHz

	Annexe C  (informative)  Détermination de l'efficacité en circuit ouvert d'un microphone  de mesure sans utilisation de la technique de la tension insérée
	Annexe D  (informative)  Analyse typique d'incertitude
	D.1 Généralités
	D.2 Analyse
	D.3 Incertitude composée et incertitude élargie

	Bibliographie
	Figures 
	Figure A.1 – Coupleur utilisable avec les microphones de type WS2
	Figure A.2 – Gabarit-support adapté au couplage d'un microphone de type LS2 et d'un microphone de type WS2
	Figure A.4 – Exemple de disposition de microphones de type LS2 et WS3 à l'aide d'un gabarit-support
	Figure A.3 – Exemple de disposition de microphones de type LS2 et WS2 à l'aide d'un gabarit-support
	Figure B.1 – Coupleur utilisable avec les microphones de type LS1 
	Figure B.2 – Coupleur utilisable avec les microphones de type WS2 

	Tableaux 
	Tableau A.1 – Corrections calculées à ajouter au niveau d'efficacitéd'un microphone de type WS3 lors de l'utilisation de la disposition de la Figure A.4 
	Tableau D.1 – Exemple de budget d'incertitude





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




