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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document describes the divergence loss method of measurement of performance of an environment
designed to provide a free sound field or free sound field over a reflecting plane. An acoustical
environment is a free sound field if it has bounding surfaces that absorb all sound energies incident
upon them. This is normally achieved using specialized test environments, such as anechoic or hemi-
anechoic chambers. In practice, these provide a controlled free sound field for acoustical measurements
in a confined space within the facility.

The purpose of this document is to promote uniformity in the method and conditions of measurement

whenpgualifFingfreesoundfieldenviropmests—m—mmm

It is
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pxpected that the qualification procedures outlined in this document will be referred
national Standards and industry test codes. In such cases, these document$ makir

to thiis document may specify qualification criteria appropriate for the test methoed and
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fic traverse paths.

to by other
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Acoustics — Test methods for the qualification of free-field
environments

1 Scope

This document specifies methodology for qualifying acoustic spaces as anechoic and hemi-anechoic
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document has been developed for qualifying anechoic and hemi-an€choic spaces for
ctical measurement purposes. It is expected that, over time, various standards an
refer to this document in order to qualify an anechoic or henii-anechoic space for
urement.

le absence of specific requirements or criteria, Annéx A provides qualification
urement requirements to qualify anechoic and hemi-anechoic spaces for gene
ctical measurements.

document describes the divergence loss method'for measuring the free sound field per
oustic environment.

Normative references

following documents are refernéd to in the text in such a way that some or all of t
Fitutes requirements of this, document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

EC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uf
urement (GUM:1995)

1260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Sp

1672-1, Electroacoustics — Sound level meters — Part 1: Specifications

Terms and definitions

For t

document specifies discrete-frequency and broad-band test methods forCquantifying the
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anechoic space
volume which has been qualified as a sound field in a homogeneous, isotropic medium free of boundaries

3.3

hemi-anechoic space
volume above a reflecting plane which has been qualified as a sound field in a homogeneous, isotropic
medium free of boundaries

3.4

acoustic centre
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appear to diverge

l noise
e signals except the one under investigation

'y: Background noise can include contributions from airborne sound, structure“borne vibratio
Se in instrumentation.

loss
sound pressure along a straight path due to the spreading of sound when a sound
hway from a source

range of interest
one-third-octave-band frequencies from the‘lowest to the highest frequencies t
Clusive

F document
test code that refers to this document for the purpose of specifying the qualification mg
ic (3.2) or hemi-anechoic space<(3-3)

ble deviations frominverse square law

ical reduction in\mean-square sound pressure along a straight path due to sphe
of a sound wave'ifi a free sound field shall be hereafter referred to as the inverse squarg

the deviatigns of the measured sound pressure levels from those estimated using the inverse sg

law, obtaing
document.

d according to this document, shall not exceed the values specified by the referej

n and

wave

o0 be

thod

rical
b [aw.

Lo be deemed anechoic or hemi-anechoic, as defined by criteria in a referencing document,

uare
rcing

In the abse

Te of specific criterta forthe atfowable deviations ima Teferencing document, the cr

teria

in Annex A shall be used to qualify anechoic and hemi-anechoic spaces for general purpose acoustical
measurements.

The allowable deviations specified by a referencing document may be more or less stringent than the
criteria given in Annex A.
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5 Measurement of free sound field performance

5.1

Divergence loss method

5.1.1 Principle

The divergence loss method shall be used to quantify the performance of an anechoic or hemi-anechoic
space within a test environment and to determine the spatial limits of this qualified anechoic or hemi-
anechoic space.
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5.1.2

A souind source approximatifigd point source over the frequency range of interest shall be
qualj

a)

b)

d)

direct and

free sound-field pnr{:nrm:\nr'n is euvaluated hy qnanfn'Fying the contributions of haoth th

pflected components of acoustic energy.

spatial decrease of sound pressure emitted from a test sound source shall be compa
pase of sound pressure that would occur in an ideal free sound field.

Instrumentation and measuring equipment

.1 General

nstrumentation system for measuring sound pressure level/including the microphon
be operated within the limit of the linearity errors specified for a Class 1 sound
rding to IEC 61672-1.

fnicrophone shall be nominally omni-directional (taking into account any supplementar
ected to it, such as the protective grid and mounting arrangement).

heasurements in one-third-octave bands, the, filters used shall meet the requirement
fied in IEC 61260-1.

For measurements above 5 kHz,[this method will normally require a microphone
alent to that of a WS2F microphone, asidescribed in IEC 61094-4[2], or less.

.2 Test sound source

fication measurement)The source shall be

ompact and of aceustical performance, such that the location of the acoustic centre d
s known to bé\located close enough to the origin of the microphone traverses specifi
o allow fitting of the sound pressure level versus distance data without an adjusty
jcoustic ¢entre of the source,

q
i
[

q

compliance with the directionality criteria in Table B.1, when measured accor

ed with the

e and cable,
level meter

y equipment

5 for Class 1

of diameter

used for the

f the source
cd in 5.1.3.2
nent for the

ding to the

$1rocedure in Annex B, so as to ensure the source radiates energy in all directions,

able to generate sufficient sound power over the frequency range of interest to yield sound pressure
levels at least 6 dB above the background noise levels for all points on each microphone traverse, or

while the microphone is moving for continuous traverse systems,[3] and

of high stability so that the radiated sound power (due to the source, associated signal generation
and amplification electronics) as measured by a monitor microphone located at an arbitrary fixed
position in the test environment does not vary significantly at the frequency of measurement

during the time taken to complete the measurements for each microphone traverse. If
of the source varies by more than #0,2 dB then the monitor microphone shall be use
correction according to Formula (1):

© IS0 2017 - All rights reserved
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— ’ —
Lpi - Lpi Lp,ref,i + Lp,ref,O M
where
Lpi is the corrected sound pressure level at measurement point i, expressed in decibels (dB);
L'pi is the measured sound pressure level at measurement point i, expressed in decibels (dB);
Lp ref,i is the sound pressure level measured by the monitor microphone at the reference
location for measurement point i, expressed in decibels (dB);
Lprefo | isthe sound pressure level measured by the monitor microphone at the referenge
location for the initial measurement point 0, expressed in decibels (dB).
Since, in gerjeral, two or more sources may be required to cover the overall frequency range of intgrest,
the requirements given above shall be met for each source over its applicable frequency.range.
NOTE It]is possible to estimate the acoustic centre of a source by evaluating it in arranechoic space already
known to mept the requirements in Annex A.
Care should|be taken
— to ensufe that the sound pressure levels are more than 6 dB, and preferably more than 15 dB, gbove
the background noise levels;
— inpositjoning the monitor microphone to avoid acoustic interference with the traversing mechapnism
affecting the results;
— to ensufe that changes in atmospheric conditions overthe duration of the traverse are not confused
with those related to the source stability.
5.1.3 Location of test sound sources and microphone traverses
5.1.3.1 Test sound source location
Referencingldocuments may specify-the test sound source location(s) to be used in order to qualify the
anechoic or hemi-anechoic space,
In the absepce of specific réquirements for the sound source location in a referencing document,
the requirements in Annex~A“shall be used to qualify anechoic and hemi-anechoic spaces for gepheral
purpose acqustical measuréments.
The test soyind souree should be placed in a chosen orientation and held in that orientation for all
microphone|travesses.
An environment may be qualified for more than one source location.

5132 M

icrophone traverses

Microphone traverses shall be made along paths that will characterize and qualify the anechoic or hemi-
anechoic space for the types of acoustical measurements to be conducted in the test environment. The
origin of the microphone traverse shall be within the physical volume occupied by the test sound source.

Referencing documents may specify the traverse paths to be conducted in order to qualify the anechoic

or hemi-ane

choic space.

In the absence of specific requirements for the traverse paths in a referencing document, the
requirements in Annex A shall be used to qualify anechoic and hemi-anechoic spaces for general
purpose acoustical measurements.

© ISO 2017 - All rights reserved
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Sound reflection from the microphone support system should be carefully avoided.

5.1.4 Test procedure

5.1.4.1 Qualification bandwidth

The qualification measurements of the anechoic or hemi-anechoic space shall be made using a
bandwidth that is typical of the spectral characteristics of the type of sources that will be measured or
evaluated.

Discrete-frequency qualification may be accomplished by using a test source that genera

tone
prov

Broa
and ¢

Refel

In th
in A1
thein

5.1.4

The
pure

If pu
aften

tes discrete

s) or by using a test source that generates broad-band noise and a measurement
jdes discrete-frequency measurement capabilities, such as an FFT analyser(3l.

d-band qualification may be accomplished by using a test source that generates‘broad
) measurement system that provides one-third-octave-band filtering.

r‘encing documents may specify the bandwidth for the qualification measurement.

e absence of specific requirements for the bandwidth in a refereneifig document, the r¢
nex A shall be used for the selection of the appropriate qualification measurement ba
intended purpose.

.2 Generation of sound

fest sound source described in 5.1.2.2 may be operated with a test signal of pure tor
tones, band-limited or broad-band noise.

Fe tones or multiple pure tones are used for(iscrete-frequency qualification, the mea
any filtering shall not contain energy at frequencies not being characterized that are

system that

-band noise

pquirements
ndwidth for

es, multiple

sured signal
vithin 15 dB

of th
or di
band

broad-band
se or broad-

e frequencies being characterized. If bread-band noise is used as a test signal for either
screte-frequency qualification, then the test signal shall consist of either random noi
test signals derived from random;moise.

In th
in Af
hemi

e absence of specific requirements for the test signal in a referencing document, the r¢
Inex A shall be used for the)selection of the appropriate test signal for qualification of]
-anechoic spaces for théirintended purpose.

pquirements
anechoic or

NOTH
than

Use of a mix of pure tones spaced apart by more than a one-third-octave band can be mu
sequential traverses, each at a single pure tone.

h more rapid

Whe
signa

h using tonal or mixed tone signals, care should be taken to avoid distortion due fo excessive

1] levels.

5.1.4.3 A Measurement of sound pressure level

The sound pressure levels shall be measured using Iractional octave-band Iilters or k1 analysis.

The microphone shall be moved along the paths described in 5.1.3.2 for each test signal. The
measurement of sound pressure level shall be carried out starting, at most, a quarter of a wavelength
(at the lowest frequency to be qualified) from the origin of the traverse, traversing at least a quarter of
a wavelength (at the lowest frequency to be qualified) and to the hypothetical boundary of the anechoic
or hemi-anechoic space to be qualified.

Sound pressure levels shall be measured along each microphone traverse using equally spaced
measurement points at each frequency. Referencing documents may specify the maximum spacing
of the measurement points in order to qualify the anechoic or hemi-anechoic space for their intended
purpose.

© IS0 2017 - All rights reserved
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In the absence of specific requirements for the spatial resolution of the measurement points, the
requirements in Annex A shall be used to qualify anechoic and hemi-anechoic spaces for general

purpose aco

ustical measurements.

Alternatively, for discrete-frequency measurements using pure tone signals, the microphone may be
moved slowly and continuously along the traverse and the sound pressure levels recorded[3]. Sound
pressure level versus distance data should then be determined using the spatial sampling guidelines for
discrete measurements.

If broad-band test signals are used, measurement times should be of sufficient duration to achieve
stable levels.

5.1.5 Exp
5151 M

5.1.5.1.1

Measured o
according td

5.1.5.1.2

From the s
pressure ley
using Formi

r.
L,(r;)5b-20lg -4 |dB
"o
where
Ly(ri) 1sthe sound pressure level atdistance rj estimated by the inverse square law, expresse
Hecibels (dB);
ri s the distance of measurément point 7 from the mathematical origin of the traverse,
pxpressed in metres{m);
ro s the referencé value, ro = 1 m;
b s the source strength parameter that is adjusted to optimize the fit of the measured sc

If a continud

|ression of results
pthod of calculation

General

ound pressure levels are compared with the theoretical sound) pressure level ¢
the inverse square law in a free sound field.

Formula for estimation of sound pressure levels based.on the inverse square law

und pressure levels measured at positions specifiedyin 5.1.4.3, the estimation of s
rels based on the inverse square law shall be determined for each measurement tray

11a (2):

bressureevels into the tolerance range, to maximize the qualified distance from the t¢
sound source, expressed in decibels (dB).

ecay

pund
erse

(2)

din

und
bst

ustraverse isused, an “analogue” recording of level versus distance is obtained. To u

e the

formulae in this clause, sound pressure levels at a large number of points at regularly spaced intervals
shall be derived from the records. The selection of point spacing shall be based on the criteria of 5.1.4.3.
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NOTE1 Aniterative process can be used to determine b; a starting value is given by Formula (3):

N r. N
ZZOIg - dB+ZLpl.
b — i=1 ON i=1 (3)
where

I, 1s the measured sound pressure level (corrected I0r SOUrce stabllity) at measurement point i, ex-
pressed in decibels (dB);

N is the number of measurement points along the measurement traverse.
NOTE 2  Overlong traverses and especially at high frequency, air absorption might not be negligibfle, it might be

necegsary to correct the measured sound pressure level for absorption of sound by the-atmosphere in accordance
with [SO 9613-1[4]. For example, atmospheric absorption can be 0,3 dB/m at 10 kHz.

5.1.3.1.3 Deviations from the inverse square law

Using the estimation of sound pressure levels based on the inverse square law, the deviation of the
meagured sound pressure level from the inverse square law ig determined at each measurlement point

using Formula (4):

AL =L, L (r) (4)
wherte

ALp; is the deviation from the inverse square law, expressed in decibels (dB);

Lyi  isthe measured sound pressure level (corrected for source stability) at measurement point
i, expressed in decibelsy(dB).

5.1.4§ Measurement uncertainty

The juncertainty of the“results obtained from measurements according to this document shall be
evalyated, preferably-ih compliance with ISO/IEC Guide 98-3. The expanded uncertainty together
with| the correspending coverage factor for a stated coverage probability of 95 % a4 defined in
ISO/]EC Guide 98+3 shall be given. Guidance on the determination of the expanded uncertajnty is given
in Annex C.

5.2 | Information to be recorded

For measurements according to this document, the following information shall be recorded:
a) the time and date of the measurements;
b) the person responsible for the measurements and calculations;

c) a description of the environment to be qualified, including dimensions and a description of the
physical treatment of walls, ceiling and floor;

d) asketch showing the location of the test sound source and any unique features or non-uniformities;

e) air temperature in degrees Celsius, relative humidity in per cent and barometric pressure in
pascals;

f) equipment used for the measurements, including name, type, serial number and manufacturer;

© IS0 2017 - All rights reserved 7
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p)
q)

5.3

For measurd

a)
b)

‘)
d)

e)
f)
g)
h)

1
j)
k)
D)

the sound source(s) used for the test;

position of the mathematical origin of the traverse for each test sound source used;

clear identification of the traverse paths used for the test;

the locations and orientation of the traverse paths, any reflecting planes, bounding surfaces and
the assumed mathematical origin of the traverse (a sketch shall be included, if necessary);

for each

the test

path, the startlocation relative to the test source and the path length;

signal(s) and measurement bandwidth;

the fre(Juency range of interest (see 3.7);

for each

point, or for continuous measurements, the speed of the traverse and the response time 9

instrum

a table
measur
traversd

the qua

the dim

Infor

the timg¢

a descr
physica

or chart of the sound pressure levels or deviations from the inverse’square law ii
ement band of interest and position relative to the test sound souree, measured along

h+

ensions and location of the anechoic or hemi-anechoiespace, qualified in accordance
the reqiirements of the referencing document or Annex A, ds\applicable.

mation to be reported
bments according to this document, the following information shall be reported:

b and date of the measurements;

a descri

a description of the sound sdurce(s) used for the test, including a statement that the direction

of the s

the test

the frequency range of interest (see 3.7);

clearid

path, the number of measurement points and the averaging time at each measurement

entation;

)

ification criteria for the allowable deviations from the inverse square law;

ption of the environment to be qualified, including dimensions, and a description o
treatment of walls, ceiling and floor;

tion of the measuring inStrumentation used;

urce(s) comply witlithis document;

signal(s) and-measurement bandwidth;

entification of the traverse paths and the position of the source(s) used for the test;

f the

n the

each

with

f the

ality

the qua

ifieation criteria for the allowable deviations from the inverse square law;

the dimensions and location of the anechoic or hemi-anechoic space, qualified in accordance with
the requirements of the referencing document or Annex A, as applicable;

the measurement results of the divergence loss of the sound pressure level or deviations from

inverse

square law versus distance;

a statement of the measurement uncertainty;

a statement whether the environment can be used for its intended use;

m) a statement that the qualification was made in accordance with this document.

Due to the quantity of measurement results, it can be impractical to present these in a table and
presentation in a graphical form is recommended.

8
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Annex A
(normative)

Qualification criteria and measurement requirements

A.1 General

In thle absence of specific requirements and criteria in a referencing document, the requirements and
criteria provided in this annex shall be used to qualify anechoic and hemi-anechoic-spaces$ for general
purpjose acoustical measurements.

A.2 | Deviations from the inverse square law
For @ space within an environment to be deemed anechoic or hemisanechoic, the deviations of the

meagured sound pressure levels from those estimated using the invetse square law, obtaingd according
to this document, shall not exceed the values given in Table A.1.

Table A.1 — Maximum allowable deviations of measured sound pressure levels from
theoretical levels using the inverse square law

Type of test One-third-oQve mid- | 4,; 1o deviations

environment band fll'_;ezquency dB
<630 +1,5

Anechoic 800to 5000 +1,0
26 300 +1,5

<630 +2,5

Hemi-anechoic 800to 5000 +2,0
26 300 +3,0

The dleviations in Table\A<l may be used to determine the extent of the anechoic or hemi-angchoic space,
the largest volume surrfounding the test source within which measurements may be made Within a free

sound field.

The dleviations in Table A.1 also determine the frequency range over which measurements rhay be made
withjn a free-field environment provided that the one-third-octave bands comprising thle frequency
rangg are contiguous.

A.3 Location of test sound sources and microphone traverses

A.3.1 Test sound source location

The test sound source shall be located to coincide with the usual source position. In an anechoic space,
this is preferably in the centre of the test environment. In a hemi-anechoic space, this is preferably in
the centre of and on the surface of the reflecting plane.

A.3.2 Microphone traverses

Microphone traverses shall be made along at least five straight paths away from the sound source in
different directions.
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The traverse paths shall be located in the working area of the environment, i.e. the part of the
environment normally used for measurements.

The traverse paths shall be selected as follows:

a) atleast one traverse path shall be towards a dihedral corner of the environment that has the most
uniform acoustic treatment properties and is most likely to be representative of the overall free
sound field performance;

b) atleast one traverse path shall be towards a trihedral corner of the environment that has the most
uniform acoustic treatment properties and is most likely to be representative of the overall free
sound field pm‘fm‘man‘p;

c) at least|one traverse path shall be towards the centre of the environment boundary surfacg that
has the|most uniform acoustic treatment properties and is most likely to be representative qf the
overall free sound field performance;

d) ifthe erfvironmentis notsquare in the plan area, then one traverse path shall befowards the clpsest
boundary surface and one traverse path shall be towards the farthest boundarysurface;

e) additional traverse paths shall be selected towards other boundary surfaees that contain u]ntique
feature$ or non-uniformities in acoustic treatment (e.g. doors, viewingports, ventilation openings
and soujnd transmission openings).

In a hemi-ahechoic space, the paths selected in accordance with a)<to e) shall lie within the angular
limits over Wwhich the source directionality was qualified as specified in Annex B.

A.4 Test procedure

A.4.1 Qua3lification bandwidth

In the abserjce of guidance from a referencing document, the space shall be qualified using a disdrete-
frequency gualification method. If the expegted application of the test environment is for deviceq that
radiate only broad-band noise, the procedure’may be carried out using random noise and a one-third-
octave-band filter instead of discrete frequencies.

A.4.2 Gereration of sound

A.4.2.1 Gdneral

The test sound source déscribed in 5.1.2.2 shall be operated using pure tone or broad-band test signals.

A.4.2.2 Puyre tonetest signals

For discretd-frequency qualification using pure tones, the test sound source described in 5.1.2.2 |shall
be operated at frequerncies tiat cover the emntire frequency Tange over wiiclt the environmernt 15 being
qualified. The frequencies of the tones shall approximate to the mid-band frequencies of the one-third-
octave bands in the frequency range of interest.

NOTE For general purposes, normally nominal one-third-octave mid-band frequencies from 100 Hz to
10 000 Hz are used (see ISO 266[5] for the preferred frequencies for one-third-octave intervals).

The frequency range may be extended or reduced, provided that the test environment and instrument
specifications are satisfactory for use over the modified frequency range. Changes to the frequency
range of interest should be made clear in the test report.
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A.4.2.3 Broad-band test signals

For broad-band qualification procedures or discrete-frequency qualification using a broad-band test
signal, the test sound source described in 5.1.2.2 shall be excited by random noise or broad-band test
signals derived from random noise.

A.4.3 Spatial resolution of the measurement points

Sound pressure levels shall be measured along each microphone traverse described in A.3.2 using
equally spaced measurement points at each frequency. The spacing shall not exceed one-tenth of a
wavelength at each frequency of interest below 1 kHz and shall not exceed 25 mm at frequencies above

1 kH

Altet]
conti
dista

A sp
pattd
travg
travd
be ful

. Alleast 1U measurement points snould be taken per traverse.

natively, for signals consisting of pure tone(s), the microphone may be moved
nuously along the traverse and the sound pressure levels recorded. Sound pressure
nce data should be determined using the spatial sampling guidelines for discyete meas;

ptial resolution of one-tenth of a wavelength may be needed to fully characterize
rns in the reflections and to ensure that peak deviations are detected.If a 25 mm spati
rse indicates that the decibel deviation of the measured sound pressure level at any
rse is within 10 % of the criterion being evaluated, then it is recemmended that spati
rther decreased to ensure that the maximum deviation is detected.

slowly and
level versus
urements.

the spatial
hl resolution
point on the
W] resolution
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Annex B
(normative)

General procedure for evaluation of sound source directionality

B.1 General

The test soy
lying on a sy

B.2 Insta

The test sot
operated at

B.3 Test

B.3.1 Gen

The test soul

B.3.2 Mes

A spherical

for angle of
plane parall
(or 90°, 180
r=15m, @
40° and 209
measureme
shall be ma
hemi-anech
illustrated fj

For each on|
and negativ
limits, the t
atp =0°m

here or hemisphere surrounding the device.

llation of the test sound source

rce shall be installed in its normal qualification position in the centre of a test roon|
an output level representative of the level to be used for the free-field qualification.

procedure

eration of sound

rce shall be excited by the same sound signal as that used for the free-field qualificatid

isurement of sound pressure level

foordinate system shall be selected withi.the source at the centre, r = 0 m, and with the J
elevation, ¢ = 90°, corresponding to'the reflecting plane for a hemi-anechoic space o1
el with the floor and ceiling in ap-anéchoic space. The plane with the angle of azimuth §
°, 270°) shall be parallel to the walls of the space if the space is rectangular. The pog
= 0° shall be selected and the one-third-octave-band sound pressure levels at ¢ = 809
shall be measured. For a(source used in the qualification of an anechoic space, addi]

e at O = 0°, 45°, 90%,_135°, 180°, 225°, 270° and 315°, for a total of 32 measurement;
hic space or 64 measdrements in an anechoic space. The required microphone position
br a spherical surface in Figure B.1.

p-third-octave band, the arithmetic mean of the decibel levels and the maximum poj
e deviations from the mean shall be computed. If the deviations are within the alloy
st source is suitable for conducting the qualification. A position directly above the sq
hy De added for each of the eight angular positions for information and as a check o

stability of ]

nd source directionality is evaluated by measuring the sound pressure levels at posil:ions

1 and

n.

blane
Fto a
= 00
ition
60°,
jonal

hts shall be made at ¢ =100°, 120°, 140° and 160°. For each of the ¢ angles, measurements

in a
S are

itive
yable
urce
h the

heé_sound source, but it is not required for determining the directionality of the source

For the directionality measurements, the source should be installed and evaluated in a different
anechoic or hemi-anechoic space than the one being qualified (e.g. one known to have good free sound
field properties over the frequency range of interest).

NOTE 1

described in References [3], [6], [Z] and [8].

Sound sources that can be suitable for use in qualification of anechoic and hemi-anechoic spaces are

For qualification of a hemi-anechoic space, the acoustic centre of the test source should be located as
close as possible to the plane of the reflecting surface. Therefore, it is useful to have a small cavity in the
centre of the floor into which the source may be installed.
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At frequencies below 800 Hz, sources meeting the requirements of ISO 10140-5[9] may be suitable. An
alternative is an electrodynamic loudspeaker in a sealed box having dimensions less than one-tenth of
a wavelength.

For frequencies up to 20 kHz, a source that may be suitable is an acoustically shielded compression
driver attached to a cylindrical tube. The tube should have a length of 1,5 m and an outlet diameter of
6 mm. For use at lower frequencies, a shorter or larger diameter tube may be acceptablel3].

NOTE 2  Itis advisable to use a source that meets the requirements of B.4 at a radius of 0,5 m from the source.
Sources tend to be more omni-directional in the far field and any difference in source directionality in the near
and far field will make it more difficult to qualify the test room.

B.4 | Test sound source directionality

The dlirectionality of the test sound source shall be uniform to within the allowable deviations given in
Tabl¢ B.1 when determined according to the procedure given in B.3.

Table B.1 — Allowable deviations in directionality of the test'sound source¢

Type of test One-third-octave mid- | Allowable deviations in
p band frequency directionality
environment
Hz dB
<630 +1,5
800to 5000 +2,0
Anechoic
6300 to 10000 +2,5
>10:000 +5,0
<630 +2,0
800to 5000 +2,5
Hemi-anechoic
6300 to 10 000 +3,0
>10 000 +5,0
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Figure B.1 — Microphone positions on the spherical surface for test sound source directionality
measurements
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Annex C
(informative)

Measurement uncertainty

IS0 26101:2017(E)

The accepted format for expression of uncertainties generally associated with methods of m
is that given in the ISO/IEC Guide 98-3. This format incorporates an uncertainty budget)in
variqus sources of uncertainty are identified and quantified, from which the combined total
can lje obtained. The data necessary to enable such a format to be adopted in the.case of th
werg not available at the time when it was being prepared. However, the infention of this
provjde a basis for the development of suitable information by which the-ISO/IEC Guide 9
applied. It remains the final responsibility of a laboratory performing a“measurement t
its uhcertainty (which might be higher or lower than the data given)\and this annex sh
regarded as a guide.

C.2 | Expression for the calculation of deviations from the inverse square

Using the estimation of sound pressure levels based en the inverse square law, the dev
sound pressure level at each measurement point frontthe inverse square law determined,
this glocument, is a function of a number of parameters indicated in Formula (C.1):

r.
AL =L —b+201g(—’)dB+F(6
pi pi ry

) 0

inder ’ Qoffset ’ 6dir(s) )

stable’ 6dir(m) ; 5app ; 5method ;

65

easurement
which all the
uncertainty
is document
annex is to
B-3 could be
b determine
uld only be

law

ation of the
hccording to

tten ’ 5resid )

(C.1)

cibels (dB);

of the

expressed

where

ALp; is the deviation from the inverse square law, expressed in decibels (dB);

Lpi is the'indicated sound pressure level at measurement point i, expressed in deg

i is\the source strength parameter, which has been adjusted to optimize the fif
measured data to the reference decay curve, expressed in decibels (dB);

1 is the distance between the origin of the traverse and measurement point i,
in metres;

ro is the reference value, ro = 1 m;

Oinstr is an input quantity to allow for any uncertainty due to the measuring instrumentation;

Ooffset is an input quantity to allow for any uncertainty due to the location of the acoustic
centre of the sound source;

8dir(s) is an input quantity to allow for any uncertainty due to the directionality of the
sound source;

Ostable 1S an input quantity to allow for any uncertainty due to the stability of the sound source;

© IS0 2017 - All rights reserved
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is an input quantity to allow for any uncertainty due to the directionality of the
microphone;

is an input quantity to allow for any uncertainty due to reflections from the measuring

apparatus;

is an input quantity to allow for any uncertainty due to the applied measurement method;

is an input quantity to allow for any uncertainty due to the correction for absorption of

sound by the atmosphere;

5resid

NOTE 1
applicable in
could reveal

NOTE2  Fq
quantities is
account.

A probabilif
quantities. |
its standard
input quant
distribution|

C.3 Cont

The combin

The input quantities included in Formula (C.1) to allow for uncertainties are those thqught

ISTan INput quantity to allow oI any unaccounted for residual uncertainties.
the state of knowledge at the time when this document was being prepared, but further res
hat there are others.

r simplification in the context of this document, potential correlation between any of the

y distribution (normal, rectangular, Student-t, etc.) is associated with each of the
ts expectation (mean value) is the best estimate for the value of the input quantity
deviation is a measure of the dispersion of values. Thegheertainty in the estimate d
ty is termed the standard uncertainty. It is a function of the standard deviation, proba
and number of degrees of freedom.

ributions to measurement uncertainty

bd uncertainty associated with the value of the deviation from inverse square law dep

to be
parch

input

neglected at present, although further research could reveal that correlatien‘has to be taken into

nput

and
f the
hility

ends

on each of the input quantities, their respective probability distributions and sensitivity coefficientts, c;.

The sensitivj
the values o
derivatives

contribution
of the stand
correlation

the deviatio

u (ALPI.

The standa
estimate of

ity coefficients are a measure of how the values of the deviations are affected by chang
f the respective input quantitiesrMathematically, these coefficients are equal to the p4
pf the function ALy; [see Formula (C.1)] with respect to the relevant input quantities
s of the respective input quantities to the overall uncertainty are then given by the pro
ard uncertainties and their associated sensitivity coefficients. For the case of negl
between the input quantities, the combined standard uncertainty of the determinati
h from inverse squarellaw, u(ALy;), is given by Formula (C.2):

D (e

d uncertainties from the various contributions remain to be established by researc
the tyipe of information needed to derive the overall uncertainty is given in Table C.1.

;Ilgible

esin
irtial
The
ucts

on of

(€.2)

h. An

The expangd

ed/uncertainty is typically twice the combined standard uncertainty for a covd

prage

probability of 95 % and assuming a normal distribution.
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Table C.1 — Uncertainty budget for determinations of deviations from inverse square law

Quantity

Estimate

Standard
uncertainty, u;

dB

Units

Probability
distribution

Sensitivity
coefficient, c;

Uncertainty
contribution, c;u;

dB

L'y

pl
indicated
sound
pressure level

dB

b
sourfe
strength

dB

ri

ri

Normal

8,7/r'; dB/m

5inst
meaguring
instyjumentation

dB

Soffsgt
sound source

acoulstic centre
offsdt

dB

Odir(4)
sound source
dire¢tionality

dB

Sstab e
sound source
stabllity

dB

Sdir(fn)
micrjophone
dire¢tionality

dB

5app
meaguring
apparatus

reflelctions

dB

Smethod
applied
meagurement
method

dB

Gattep
atmaspheric
absofrption

dB

aresi
residual

dB

uncertainty

NOTE 1

NOTE 2

is applied (see NOTE 2 in 5.1.5.1.2).

NOTE 3

from the partial derivative of the component from Formula (C.1), i.e. 20/In(10) = 8,7.

© IS0 2017 - All rights reserved

Values left blank have yet to be determined and are likely to be a function of frequency.

The estimate of the correction due to atmospheric absorption will be different from zero if a correction

The sensitivity coefficient for the distance between the origin and the measurement point is calculated
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Annex D
(informative)

Guidelines for referring to this test method

D.1 General

This docum
for the purp
or chamber

as well as the qualification criteria, have been omitted from the main body of this decument in

to allow ref
criteria.

Annex A pry
items are n

erencing documents to specify appropriate measurement parameterscand qualific

ovides test parameter specifications and qualification criteria\in the event that {
bt specified. This annex provides guidelines for the specification of test parameter;

qualification criteria for referencing documents.

D.2 Qual
References f
The ma
The test

The tes
above o

[t is possiblg

fication criteria

o this document should include statements of the qualification criteria stated as follov

kimum allowable deviation from inverse square law shall not exceed +t dB.
environment shall be qualified over a frequency range of m Hz to n Hz.

[ environment shall be shown to qualify using the criteria and frequency range out
ver a distance of d m.

to have several frequency range/distance/deviation criteria for a single environment

qualified; the use of a table is recommended.

D.3 Loca

D.3.1 Tes

References {
tobeusedt

fion of test souid sources and microphone traverses

I sound source location

o this document should include a specification of the number and location of the sou
b qualify the space stated as follows.

ent outlines a test method for quantifying the performance of free sound field envirennments
oses of qualifying them to various industry standards, test codes, purchase specificafions
performance requirements. Many of the details related to the qualification medsureinent,

rder
htion

hese
and

VS.

lined

to be

ce(s)

— Atotal ¢f'source positions shall be qualified.

— The Car

NOTE
environment

tesian coordinates of the source position(s) to be used for qualification are: (x, y, z).

(i.e. in the centre of the chamber on the floor).

D.3.2 Microphone traverses

It is also acceptable to provide a general description of the source position(s) within the test

References to this document should include a specification of the number of traverse paths to be
qualified and the orientation of those paths within the test chamber stated as follows.
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Microphone traverses shall be made along a total of n paths.
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