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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

Active noise reduction earmuffs are designed to provide additional attenuation of external sounds
by means of a noise cancellation circuit. This additional attenuation is generally more effective at low
frequencies. Such earmuffs can be selected for use in low-frequency dominated high noise environments.
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Determination of sound attenuation of active noise
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Scope
document is concerned with active noise reduction (ANR) earmuffs. It specifies the tg

huation. For this aim, the values of sound attenuation in the passive mddealso have t
are determined according to ISO 4869-1. These methods are intended for steady nois
hre not applicable to noises containing impulsive components.

surements of passive (REAT) and active microphone-in-real‘ear (MIRE) measurements
0 4869-1 and ISO 11904-1, respectively.

Normative references

following documents are referred to in the text in such way that some or all of tk
titutes requirements of this document. Forzdated references, only the edition cited

1869-1, Acoustics — Hearing protectdrs — Part 1: Subjective method for the measurem
puation

1869-2, Acoustics — Hearingwprotectors — Part 2: Estimation of effective A-weighted soy
s when hearing protectorsaie worn

[ 1904-1, Acoustics —Petermination of sound immission from sound sources placed close {
1: Technique using a-inicrophone in a real ear (MIRE technique)

b1094-4, Measurement microphones — Part 4: Specifications for working standard microg

Terms-and definitions

the \purposes of this document, the terms and definitions given in ISO 4869-1, |
| 1904-1 and the following apply.

st methods

he determination of the active insertion loss and calculation procedures-for deriving the total

b be known
P exposures

test methods account for the acoustical interaction betweenthe wearer and the device using

as specified

eir content
hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

bnt of sound

nd pressure

o the ear —

hones

SO 4869-2,

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

active noise reduction earmuff
ANR earmuff
earmuff that provides additional attenuation of external sounds by means of a noise cancellation circuit
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3.2
active mode

operation of the ANR earmuff (3.1) with the ANR circuit active

3.3

passive mode

operation of the ANR earmuff (3.1) with the ANR circuit not active

3.4

active insertion loss

AIL
additional sk

passive mode (3.3)

Note 1 to enffry: The active insertion loss is measured according to 5.4.3.

3.5
red noise

b the

random noijse signal with a spectral density that decreases by 6 dB per octave pver a frequency range
which does|not include DC

Note 1 to enflry: The definition is often phrased as noise whose power spectral density is proportional to 1/j2.

3.6
pink noise

N

random noifse signal with a spectral density that decreases by 3.dB per octave, giving constant energy

per octave

Note 1 to enfry: The definition is often phrased as noise whose\power spectral density is inversely proportjonal

to frequency

[SOURCE: 10 7240-24:2016, 3.1.11; modified — Note 1 to entry added]

4 Symbols and abbreviated terms

a
Atotal
ANR
REAT
MIRE

FFT

Active insertion loss

Total attenuation

Active noise reduction

Real-ear attenuation at threshold
Microphone in a real ear

Fast Fourier transform

APV

HML
SNR

Assumed protection value of the hearing protector
High frequency attenuation value

Medium frequency attenuation value

Low frequency attenuation value

Method based on H, M, L

Single number rating
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5 Testing

5.1

Specimens and conditioning

Four pairs of earmuffs shall be submitted for testing. Each individual earmuff cup shall be uniquely
marked for identification. The power source shall be fully operational.

All specimens shall be conditioned and tested in an environment having a temperature of (22 + 5) °C
and a relative humidity of not more than 85 %.

5.2

Ran

for dlll one-third-octave bands of the test signals specified in 5.3.

5.3

5.3.

A by
The
cent
bang
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bety
(or 1

NOT
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pink
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The

third-octave:band with the test noise on shall be at least 10 dB higher than the sound pr

mea
an Al

La o) 'y A4z
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lom incidence sound field conditions at the reference point as described in ISO 4869-1 4

Test signals

|  Broadband noise for measuring active insertion loss

oadband noise signal shall be used to determine the diffuse-field related sound preg
test signal at the reference point shall be a broadband random noise in each one-third-
red from 50 Hz (or 100 Hz) to 10 000 Hz, and shall be atjleast 3 dB down at the one-]
Is below and above these limit bands, and roll off at least 12 dB/octave for the bandj
e that. Adjacent one-third-octave-band levels shallcnot differ by more than 3 dB. Th
feen the maximum and minimum one-third-octavesband levels shall not exceed 10 dB

00 Hz) to 10 000 Hz.
£ 1 Pinknoise is a suitable broadband noise:signal.

e total attenuation is to be determined\for the frequency range from 63 Hz to 8 000
bl shall extend from 50 Hz to 10 000"Hz. If the test signal is only available for 100 Hz an
attenuation can only be determined from 125 Hz upwards.

dard, %2 inch, pressure fieldy/random incidence) according to IEC 61094-4.

se of digital pseudorandom white and pink noise sources is restricted to measurement
ing protectors. Some FFT analyzers with internally generated digital pseudorandon
noise sources with known statistical characteristics, i.e. wide sense stationary, can
estimate the dctive insertion loss with some ANR hearing protectors.

sound pressure level measured under the hearing protector (occluded condition) i

sureddimder the hearing protector with the test noise off. The test signal shall be preg

re required

sure levels.
bctave band
hird-octave
below and
b difference
from 50 Hz

Hz, the test
d above, the

measurements described abeyve shall be conducted with a WS2P or WS2D microphome (working

s of passive
| white and
potentially

h each one-
bssure level
ented up to

-weighted sound pressure level of 95 dB.

NOTE 2

incorporates a threshold level only above which the active attenuation is working.

5.3.2 Red noise for testing linear operation

Test signals up to an A-weighted sound pressure level of 110 dB can be necessary if the device

Red noise shall be used with the maximum of the spectrum in the 125 Hz one-third-octave band and
one-third-octave-band levels in the 100 Hz and 80 Hz band of 1 dB and 3 dB less than the maximum.

The

signal shall be presented up to an A-weighted sound pressure level of 110 dB.

© IS0 2019 - All rights reserved
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5.4 Test method

5.4.1 General

The measurements described in 5.4.3 determine the active contribution (active insertion loss) to the
total attenuation of the earmuff. This quantity is derived from two separately measured data sets:

a) the sound pressure level at the wearers’ ears in the active mode,

b) the sound pressure level at the wearers’ ears in the passive mode of the ANR earmuff.

The differeqceof thesetwo datasets yietds the active imsertiomtoss:

For both m¢asurements a) and b), the microphone-in-real-ear technique (MIRE) with closedcarcgnals
shall be used according to ISO 11904-1, including the requirements for averaging times.

Sixteen test subjects, with separate measurements made on both ears, shall be used.-Each specimen
shall be tested by four test subjects.

5.4.2 Osdillation and acoustic malfunction

If any subjeft reports sustained oscillations or acoustic malfunctions whern.the ANR system is switfhed
on, the subjlect shall be asked to switch the ANR system off, remove the{earmuffs and then refit them,
according o the manufacturer's instructions. If the oscillation persists when the ANR system is
switched o again, the specimen should be rejected and replaced by a new one. If the malfunctipn is
caused by spme characteristics of the subject, the subject may bereplaced. In any case, the occurrence
of sustained oscillation or acoustic malfunction shall be reported.

5.4.3 Actjve insertion loss

For the twp measurements in the active and paSsive modes from which the active insertion|loss
is calculated, the broadband noise as described-in 5.3.1 shall be set at an overall A-weighted s¢und
pressure leyel in the range from 85 dB to 95-dB:"The timespan between the two measurements shqll be
as short as possible and the test conditions shall be unaltered, especially the fitting of the earmuffand
the positiorns of the microphone in real-ear. The measurements shall be performed with the same]| test
subjects as the measurements of the passive sound attenuation according to ISO 4869-1. The spectfa in
active and pgassive mode shall be détermined for the one-third-octave bands between 50 Hz (or 100 Hz)
and 10 000 Hz. For each of the 16 test subjects, the difference between passive and active mode shgll be
calculated to derive the active insertion loss as per 5.5.

For devices|that incorposate a threshold level only above which the active attenuation is working, the
measurements are to helcarried out 5 dB above that threshold (specified by the manufacturer), buf not
lower than B5 dB or@bove 110 dB.

NOTE This,@ption exists with some devices that combine level-dependence and active attenuation. For these
ices, it is possible that active attenuation will not function at A-weighted sound pressure levgls as
low as 85 dBto95dB;everifswitchedom:

5.4.4 Maximum sound pressure level for linear operation

For each subject and each ear, the linearity in the active mode shall be checked in the 125 Hz octave band
(calculated from the three one-third-octave bands 100 Hz, 125 Hz and 160 Hz). Red noise as described
in 5.3.2 shall be used. The sound pressure level at the subject’s ear shall be monitored, starting at the
overall sound pressure level set for the measurement of active insertion loss (see 5.4.3) and increasing
the sound pressure level in 5 dB steps. It shall be checked that the sound pressure level at the ear also
increases by 5 dB (with a tolerance of +1 dB). The maximum external A-weighted sound pressure level
to be applied shall be 110 dB.

4 © IS0 2019 - All rights reserved
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The highest external sound pressure level for which this linear relationship remains valid for all samples
and subjects shall be reported. If the linear relationship remains valid up to an external A-weighted
sound pressure level of 110 dB, this shall be stated.

5.5

Calculation of the total attenuation

The total (active plus passive) attenuation shall be derived in octave bands. It shall be calculated using
the active insertion loss measured according to 5.4.3 and the passive sound attenuation determined
according to ISO 4869-1 (REAT method) combining these two datasets for each test subject individually.

The detailed computations are described below and an example is given in http://standards.iso

.orgfiso/4869/-6/ed-1/en.

a)

b)

d)

5.6
The

d)

£)

g)
h)

For each subject, the passive sound attenuation data (REAT) shall be linearly interpol
third-octave bands between 63 Hz (or 125 Hz) and 8 000 Hz and extrapolated;to'50 H7
fapplicable) and 10 000 Hz.

For each subject, and in each one-third-octave band, only the ear with thelower value
nsertion loss shall be chosen.

pctave band to gain the total attenuation per subject, Atotal fj

NOTE The subscript frepresents each one-third-octave nfid*band frequency. The subscripf
Fhe number of the test subject as per ISO 4869-2.

Co obtain the total attenuation in octave bands for@each subject, the octave-band atteny
be calculated from their respective one-third-octave-band attenuations. The appropriat|
pne-third-octave-band attenuations at frequencies f1, f2 and f3 shall be energetically
bstimate each required octave-band attenuation according to Formula (1):

-0,1-4 ; =0,1-A . -0,1-4 .
Atotal,oct,j =-10- lg|:(10 total, f1 ,j +10 total, f7 , j +10 total, /3, j j/3:|dB

The sixteen data sets of total attenuation in octave bands shall be used to calculat]
hnd standard deviation and:the APV, HML values and SNR value according to ISO 48
protection performance-0f-84 %.

Test report
test report shallinclude the following information.
Manufacturer, model and description of the device;
Date ofthe test;

eference to this document,i.e. ISO 4869-6:2019

hted in one-
(or 100 Hz,

f the active

For each subject, the results from steps a) and b) shall be arithimetically added in each one-third-

j represents

ations shall
e individual
hveraged to

)

e the mean
H(9-2 with a

The active insertion loss for all 16 test subjects (left and right ear) for all frequencies te

Mean and standard deviation of the ears with the lower value of the active insertion

sted;

loss as per

5.5 e) over all 16 test subjects for all frequencies tested and the expanded uncertainty, according to

Annex A;

The passive sound attenuation according to ISO 4869-1 for all 16 test subjects and all

frequencies tested;

The total attenuation for all 16 test subjects in one-third-octave bands and in octave ba

nds;

The mean, the standard deviation and the calculated APV for each test frequency band (63 Hz or
125 Hz to 8 000 Hz) for the total attenuation together with the derived HML and SNR values;

© IS0 2019 - All rights reserved


http://standards.iso.org/iso/4869/-6/ed-1/en
http://standards.iso.org/iso/4869/-6/ed-1/en
https://standardsiso.com/api/?name=9b93de31f6a389b7c132baba4f56ff1c

ISO 4869-6:2019(E)

j)
k)

The highest external A-weighted sound pressure level for which the sound pressure level at the ear
remains linearly related for all samples and subjects tested. If the test reached 110 dB, this shall
also be stated (“... remained linearly related up to 110 dB, the highest level tested”);

The occurrence or not of any oscillations or acoustic malfunction in the course of testing;

Details of the measurement environment, including ambient temperature, atmospheric pressure
and humidity.

© ISO 2019 - All rights reserved
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Annex A
(normative)

Uncertainty of the mean active insertion loss of ANR earmuffs

A1l

Uncg
this

earn
of th

MIR
The

sped

whe

A pr

sourj

thus

unceg

The

sens

loss

General

document arise from various sources, such as the selection of the test subject group, f
wuff on the test subjects, variation in the tester and administration of the test(protocol,
e MIRE microphone, specimen variability, influence from the sound field, testsignal gen
E data acquisition equipment. The description below follows the outline given in ISO/IEC

model, including uncertainties, for the calculation of the active insertion loss, a, for the
ified in this document is
0= B+ 0 0 t0cq 0y

meth

e

is the outcome for an active insertion lossineasured according to this documen

is the input quantity to allow for the variation due to the selection of the test su
fitting of the earmuff, variation intester and administration of protocol, positio
MIRE microphone, and specimenyariability including electronic circuitry;

is the input quantity to allow.for any deviation in the performance of the test sig
tion equipment and variations in the measured sound levels due to nonlinearitig
errors associated with the MIRE microphone, preamplifier and/or sound analys

Denv 1S the input quantity to allow for influence from non-ideal or varying environmg

tions, such as-sound field and ambient noise.

pbability density-function is associated with each source of uncertainty. The best estin
ce is the mean/valtie. The mean values of the §-terms in Formula (A.1) are assumed to |
B is the best.estimate of a. The standard deviation of each source, i, is an estimate of t
rtainty, up @ssociated with that source.

comhined uncertainty, u, depends on the standard uncertainties, u;, from all sourcq
itivity coefficients, c;. The sensitivity coefficient is a measure of how the value of actiy

rtainties in the measurement of the mean active insertion loss of ANR earmuffs alccording to

tting of the
positioning
eration and
Guide 98-3.

test signals

(A1)

L

bject group,
ning of the

nal genera-
s and other
IS system;

ental condi-
hate of each

be zero, and
he standard

s and their
ye insertion

isaffected by the rh;mgp in its respective input quantity The combined standard un

ertainty is

given by the square root of the sum of the squares of the separate standard uncertainties weighted by
the sensitivity coefficients [see Formula (A.2)].

u= Z(cl-ul-)2

1
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where

u is the combined uncertainty;
c; isthe sensitivity coefficient of source i;
u; isthe standard uncertainty of source i.

In the model [Formula (A.1)], all of the probability distributions for the standard uncertainties, u;, are
assumed tofbe-norms d sepeitiviti-eaefficierter—hates . _

Table A.1 iljustrates the general estimation of the input quantities for dmeth, deq, and denv. The valpie of
the standard uncertainty, umerh, associated with input quantity, dmeth, is frequency dependent, but for
the estimats in this annex, frequency dependence is presumed minimal. The uncertaintyvalue, ufyeth,
is greater bptween laboratories than within laboratories. The values of ueq and ueny arg-assumed to be
independenit of test frequency.

The standdrd uncertainty values supplied in this annex are considered ‘répresentative of| the
measurements and equipment that would normally be used in active insertionloss testing.

Table A.1 — General form of an uncertainty budget for ANR earmuff active insertion loss

determinations
Soyrce Mean esti- Standard Probability Sensitivity Uncertainty
mate uncertainty distribution coefficient contributipn
uj Ci Ui Ci
dB dB dB
Snleth 0 Umeth Normal 1 Umeth
Skq 0 Ueq Normal 1 Ueq
Odnv 0 Ueny Normal 1 Ueny

The expanded uncertainty, Ugs, is computed by multiplying the combined standard uncertainty, {, by
a coverage factor k = 2 (appropriate for-rormally distributed parameters), such that an interval from
a - Ugs to al+ Ugs covers 95 % of the-values of a.

A.2 Unc¢rtainty withinalaboratory

The combined uncertainty, v, within a laboratory is the standard deviation of the mean active insertion
loss. At eadh test frequéncy, this is estimated from a calculation of the standard deviation of the
individual qctive insertion loss data divided by the square root of the number of test subjecty, i.e.
J16=4.1n prindiple, for each test subject, values for the left and the right ear are available. According
to 5.5 b), opnly. the ear with the lower value of the active insertion loss is chosen and used fof the
calculation bfthe-totatattentation—Tthisteadstoadatasete attres

Table A.2 shows the estimated uncertainty contributions within a laboratory for ANR earmuffs for such
a data set of 16 values. It also shows the combined and expanded uncertainties. The numbers given here
are typical uncertainty values based on the experience obtained in laboratories around the world.
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