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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.

The procgdures used to develop this document and those intended for its further maintenance

described

in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for

different {ypes of ISO documents should be noted. This document was drafted in accordance jwith
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention

is drawn to the possibility that some of the elements of this document may)bé the subject

patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailg

any paten

f rights identified during the development of the document will be in the.Introduction and

on the IS( list of patent declarations received (see www.iso.org/patents).

Any tradel name used in this document is information given for the conveniéence of users and does
constitutqg an endorsement.

For an explanation of the voluntary nature of standards, the ¥ieaning of ISO specific terms 3

expressio
the Worl
WWW.iSO0.

hs related to conformity assessment, as well as infermation about ISO's adherence
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT),
rg/iso/foreword.html.

This docu

This first
revised.

The main
— guida

— afile
from

ment was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 1, Nois
edition of [SO/TS 20065 cancels and replaces ISO/PAS 20065:2016, which has been technica

changes are as follows:
Ince on residual sound (5.3.1);

rontaining a number of ¢thér example audio files and a guidance document can be downloag

Roun

i robin test IEC 61400-11, ISO/PAS 20065”);

— editotial changes for)clarity, for easier implementation in software, and to meet the latest |

stand

ards, includihg definitions, measures, formulae, aligned and streamlined terminology, 3

addit{onal background information.

Any feedbackwor’questions on this document should be directed to the user’s national standards body

complete

hre
he
he

of
of
or

not

nd
to
bee

ed

\ttps://standards.isq.org/iso/ts/20065/ed-1/en (from “Prominent tones in wind turbine nojise

SO
nd

. A

isting of these bodies can be found at www.iso.org/members.html.
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Acoustics — Objective method for assessing the audibility
of tones in noise — Engineering method

Th
in
mdgthod described can be used if the frequency of the tone being evaluated is egtialto, or gre

50

ar¢ captured, then this method cannot replace subjective evaluation.

NOTE The procedure has not been validated below 50 Hz.

Th

2

co
un

IS 1996-1, Acoustics — Description, measureimeént and assessment of environmental noise — Pqg

Thf following documents are referred to in the text ih-such a way that some or all of the
stitutes requirements of this document. For datéd references, only the edition cited applies. For

is document is intended to augment the usual method for evaluation on the basis of aural in
particular, in cases in which there is no agreement on the degree of the audibility of t

Hz. In other cases, if the tone frequency is below 50 Hz, or if other types of rioise (such as sg

ke method presented herein can be used in continuous measurement stations that work autq

Normative references

Hated references, the latest edition of the referenced document (including any amendment

f tones in

hpression,
ones. The
ater than,
reeching)

matically.

ir content
5) applies.

rt 1: Basic

qugintities and assessment procedures

IEC 61672-1, Electroacoustics — Sounddevel meters — Part 1: Specifications

3 | Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1996-1 and the|following
apply.

ISQ and IEC maintain terminology databases for use in standardization at the following addr¢sses:
—| ISO Online*browsing platform: available at https://www.iso.org/obp

— | IEC Electropedia: available at https://www.electropedia.org/

NOTE Unless otherwise stated, the reference level for decibel (dB) values in these definitions is 2 uPa.
31

tone

sound characterized by a single-frequency component or narrow-band components

3.2
tone frequency

fr

frequency of the spectral line (3.23) (or mid-band frequency of the narrow-band filter), to the level of
which the tone (3.1) contributes most strongly

Note 1 to entry: Tone frequency is expressed in hertz (Hz).

©lI
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3.3

tone level

L;

energy summation of the narrow-band level (3.22) with the tone frequency (3.2), f1, and the lateral lines
about fr, assignable to this tone

Note 1 to entry: Tone level is expressed in decibels (dB).

Note 2 to entry: If the critical band (3.5) for the frequency, f;, under consideration contains a number of tones,
then the tone level, Ly, is the energy sum of these tones. This level, Ly, is then assigned to the frequency of the

participati

ng tone that has the maximal value of audibility (3.4), AL.

Note3toe
5.3.3.

3.4
audibility
AL
Audibility]
(3.15), Ly

Noteltoe

Note2to e
(3.12) is dd

3.5
critical b
frequency
intensity
formation|

Note1ltoe

Note 2 to e
sound leve

3.6

mean naf
Lg

energy mg
the frequg

Noteltoe

Note 2 to 4
noise is de

3.7

of tones is the arithmetic difference between the tone level (3.3), L, anddhie masking thresh

htry: Audibility is expressed in decibels (dB).

htry: The method for the determination of the decisive audibility (3.24), AL, of a narrow-band spectn
scribed in 5.3.8.

and

band with a bandwidth (3.17), Af. within whighthe auditory system integrates the sou
in the formation of loudness and within which it integrates the sound intensity in
of the masking threshold (3.15)

htry: Critical band is expressed in hertz (HZ).

ntry: This characteristic of a critical.band (see also References [3] and [4]) holds only for a restric
range. This dependence is neglectedhere.

row-band level of the critical band

an value of all narrew-band levels (3.22) in a critical band (3.5), except for the spectral line
ncy, fr, under consideration and all lines that exceed this mean value by more than 6 dB

htry: Mean natrtow-band level of the critical band is expressed in decibels (dB).

cribedin’5.3.2 and in Annex D.

ntry: Thé.iterative method for the determination of the mean narrow-band level, Lg, of the maskji

ntry: The method for the determination of the tone level, Ly, of a tone in a critical band is describetll in

nd
he

ted

for

ng

critical b
Lg

nd fevet

level of noise that is assigned to the critical band (3.5) that describes the masking characteristic of the
noise for one or more tones of the noise in this critical band

Note 1 to entry: Critical band level is expressed in decibels (dB).

Note 2 to entry: See narrow-band level (3.22) and Annex C for masking.

Note 3 to entry: For the definition formula for L, see Formula (12).

© IS0 2022 - All rights reserved
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3.8
sampling frequency

fs

number of samples taken per second
Note 1 to entry: Sampling frequency is expressed in hertz (Hz).

Note 2 to entry: The analogue data provided continuously are converted into samples through sampling at
discrete time intervals for digital processing.

Note 3 to entry: To ensure the reproducibility of a digitized signal, the Shannon theorem requires that the
saippling frequency, f, is at least 2 times the highest frequency of the signal components used for,evialuation in
thg time signal [fs = 2 f), see also aliasing (3.9), antialiasing filter (3.10) and useable frequency (3:20)]. Discrete
Fourier Transform (DFT) analysers thus need a sampling frequency that is at least 2,56 times) thel maximum
freguency to be analysed.

3.

aliasing
reflection in the line spectrum (3.12) of frequency components from thé-vange above thg sampling
frequency (3.8) divided by two (fs/2) in the range below fg/2

Note 1 to entry: Antialiasing filters (3.10) are used to avoid errors through sueh reflections.
Note 2 to entry: Half the sampling frequency (fs/2) is also known as.the Nyquist frequency.

3.10

antialiasing filter
low-pass filter
idgal filter that allows frequencies below half the sampling frequency (3.8) to pass through dompletely
(wjthout influencing the signal), but completely block all higher frequencies

Nofe 1 to entry: To prevent aliasing (3.9), the noise under investigation shall be filtered using an gntialiasing
filter before analogue-to-digital conversion.

Note 2 to entry: Real aliasing filters have afinal damping (generally 120 dB/octave) within the blocking range, i.e.
sighal components in this transition gange are reflected (damped). For example, in the transformati¢pn of 2 048
(2 k) data points, 1 024 frequency lin€s are calculated and 800 lines shown. A component in the line number
1 448 is folded back into the line\number 800. With a low-pass filter of 120 dB/octave the damping of these
commponents is approximately 75 dB.

Note 3 to entry: The usual'\commercial DFT analysers have an antialiasing filter, the limit frequendy of which
can be switched automatically with the selectable sampling frequency. The reflection of simulated ngrrow-band
levpls (3.22) is suppréssed.

3.11

blgck length
N

bldck ef\sampling values that in discrete form represents a time-limited range of the time signal to be
anplysed

Note 1 to entry: In contrast to frequency analysis with analogue and digital filters, the noise with the Fast Fourier
Transform is processed in data blocks. In general, these blocks embrace only a part of the noise recording. The
block length, N, expresses the number of data points processed at the same time. Regarding the Fast Fourier
Transform, the value of N generally has the integer of power of 2. It has a value, for example, of N = 210 = 1 024
data points.

©1S0 2022 - All rights reserved 3
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3.12

line spectrum

narrow-band spectrum

frequency spectrum

plot of the sound pressure level (narrow-band level) (3.22) as a function of the frequency in frequency
bands of constant bandwidth (3.17) (line spacing, Af) (3.13)

Note 1 to entry: A-weighting of the level is assumed in this document.

Note 2 to entry: DFT analysis delivers a line spectrum, in which each line represents the output of a filter, the
mid-frequency of which corresponds to the frequency of the spectral line (3.23)

3.13
line spacing

frequency  resolution

distance, between adjacent spectral lines (3.23), where the line spacing in the DFT is givenby

Af=fs /N

where

[

fs
N ithe block length (3.11).

qthe sampling frequency (3.8);

Note 1 to eptry: Line spacing is expressed in hertz (Hz).
Note 2 to eptry: In this document, the line spacing is 1,9 Hz < Af<4;,0 Hz.

3.14
time winfow
time datal set of the signal segment (block length) (3.11) that is multiplied by a weighting functlon
(window function)

Note 1 to gntry: In accordance with the definition of the Fourier integral, a prerequisite of the DFT analysif is
that the tigne data set is periodic. If this ig not the case (as with stochastic signals), cut-off effects at the edpes
of the tim¢ window will lead to distortion of the spectrum. These distortions are avoided through weighting
functions quch as the Hanning functiemn.

Note 2 to gntry: For more information on window and weighting functions, see, for example, Reference [5] dnd
Annex A.

3.15
masking threshold
Ly
audibility [3.4) threshold for a specific sound in the presence of a masking sound (masker)

Note 1 to eptty: Masking threshold is expressed in decibels (dB).

Note 2 to entry: See Annex C for more information on the audibility threshold and the masking noise.

3.16

masking index

a

a‘Iiithmetic difference between the masking threshold (3.15), Ly, and the critical band level (3.7), L, of

the masking noise
Note 1 to entry: Masking index is expressed in decibels (dB).

Note 2 to entry: For frequency-dependent masking index, a,, masking and masking noise, see Annex C.

4 © IS0 2022 - All rights reserved
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3.17

ba

ndwidth

frequency bandwidth
frequency range of a number of adjacent spectral lines (3.23)

Note 1 to entry: Bandwidth is expressed in hertz (Hz).

Note 2 to entry: If the width of a frequency band is calculated for which its beginning or end does not correspond
to the boundary between two spectral lines, then only the spectral lines that lie in their full width within the

cal

culated frequency range are assigned to the frequency band.

3.18
distinctness

clarity ratio of the prominence of a tone based on a bandpass noise to the prominence of a

tonge of the same tone frequency (3.2), f1, and same tone level (3.3), Ly

No

3.1

sl
na

No

3.2
us

fn
up

No

fe 1 to entry: Distinctness is expressed in percentage (%).

9

edpe steepness
e of the level difference between the maximum narrow-band level(3.22) of a tone, Ly .
‘row-band levels of the first line below/above the tone to the corresponding frequency difference

fe 1 to entry: Edge steepness is expressed in decibels per hertz (dB/Hz).

0
pable frequency

pber limit frequency of the signal components usédfor evaluation

Fe 1 to entry: Useable frequency is expressed in hertz (Hz).

3.21
inyestigation range
frdquency range within which tones-are€ investigated in the line spectrum (3.12)

No

Fe 1 to entry: Investigation range is expressed in hertz (Hz).

3.22

naj
avi

No

frow-band level
braged level withinaspectral line (3.23)

Fe 1 to entry: Narrow-band level is expressed in decibels (dB).

3.23

Sp

betral line

frgqueneyband of bandwidth (3.17), Af (line spacing) (3.13), in a line spectrum (3.12)

No

fe-1)to entry: Spectral line is expressed in hertz (Hz).

sinusoidal

- and the

3.24

de

cisive audibility

AL;
majximum audibility (3.4), AL in the individual spectrum, j

No

te 1 to entry: Decisive audibility is expressed in decibels (dB).

3.25
mean audibility

AL

'’

energy average of decisive audibility (3.24), ALj, calculated for each narrow-band averaged spectrum

No

©lI

te 1 to entry: Mean audibility is expressed in decibels (dB).
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4 Measurement procedure

4.1 General

The measurement procedure will depend on the aims. The requirements for the measurement and
assessment procedure in terms of the choice of measurement point, measurement time and duration of
measurement, extraneous noise, etc. shall be satisfied.

The variable for determination of audibility of prominent tones is the sound pressure, p(t). For frequency
analysis, the A-weighted equivalent continuous sound pressure level, L, ., as given in ISO 1996-1, shall
be established for the respective spectral lines. If the spectrum is unweighted ("LIN" or "Z"), then it
shall be cgrrected to A-weighting in accordance with IEC 61672-1.

4.2 Measurement instruments

Sound level meters that meet, or exceed, the requirements of Class 1 in IEC 61672-1 shallbe used. These
have a freguency weighting “A”/“LIN” or “A”/“Z” with a lower limit frequency equalcte, or below, 20 Hg.

Additional instruments such as recording instruments (digital or magnetic tape)'may also be used. The
measured| values derived through recording instruments shall lie within thejtolerance range giver] in
IEC 616721.

Analysis pf frequency components in the measurement signals/istperformed using a frequency
analyser. The constant line spacing, Af, shall lie in the range 1,9 Hz to 4 Hz (inclusive). The use of the
Hanning yindow is mandatory in this document. For further precessing, it shall be ensured that the
digitalization of the sound pressure signal across the entire dyiamic range used has a resolution of at
least 0,1 dB.

Before it is processed further, the analogue measurement signal shall be passed through a steep lqw-
pass filtey| (antialiasing filter) to avoid errors in frequency analysis. The sampling frequency (see 3.8)
shall be atjleast two times the maximum usable frequency present (see 3.20). The Hanning window ig to
be used ag time window to reduce lateral bands_(see 3.14).

4.3 Merging the basic spectra

The spectfa for the prominent tone/assessment shall have an averaging time of approximately 3 s. Que
to the lingd spacing of 1,9 Hz to 4 Hz (see 4.2) and the typical frequency range, f, of a few kHz, the basic
spectra given by the frequency analyser will have an averaging time below 1 s. To get the averagjng
time of approximately 3 s, a-fiumber of basic spectra shall be merged. This shall be done line by ljne
with Fornpula (1):

L =10 1g[%2y:11o°'“w/d3 )dB (1)

L;; is thelevel of the ith spectral line for the jth spectrum, in dB;

N is the number of merged spectra.

5 Evaluation

5.1 General information

The aim of evaluation is to establish the audibility, AL. The procedure is the same for stationary and
non-stationary noises. For tones that can only just be perceived, a quaver (eighth note) is to be adopted
as a base time that is adequate for hearing. However, comprehensive studies have shown that the lower
limit for use of the procedure is reached at averaging times of approximately 3 s. Lower averaging times

6 © IS0 2022 - All rights reserved
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lead to unjustified values of audibility, AL (too high, but also too low). Signals that have very high level
and/or frequency dynamics that no longer correspond with a 3-second averaging can, therefore, not be
evaluated using this document. The following conditions shall be satisfied for the measurements.

— The extended uncertainty, U, of the audibility, AL, with a coverage probability of 90 % in a bilateral
confidence interval (see Clause 6) shall not exceed +1,5 dB. This is generally the case with evaluation

of at least 12 time-staggered narrow-band averaged spectra. If there are less than 12
spectra then the uncertainty shall be taken into consideration as given in Clause 6.

averaged

— Where there are alternating operating states, all of the operating states shall be covered by the

To

averaging snectraused (see Annex F)
o o r \Y —_—J

as§essment has to be made, only the critical band with the most pronounced tone i§|consi

5.4.8).

If 3 number of tones are present within a critical band, then an energy summation of their t

LTi

An| assessment is performed for a tone only if its distinctness (see 3.18)\is at least 70 %. T
a rpaximal bandwidth, Afy, dependent on the tone frequency [see Fékinula (9)] and necessi
stdepness (see 3.19) of at least 24 dB/octave.

Th
de
av

regardless of the frequency of the tone. Because the aitw’of this method is to estimate the 3

of

frgquency.
NOTE1  For the distinctness of a tone, see 5.3.4:

NOTE 2  Harmonic multiples of a tone are”evaluated, independently of that tone, similarly t
components of the line spectrum.

is carried out to yield a tone level, L; (see 5.3.8).

e mean audibility, AL, which is the conclusive result of thisisnethod for the noise to be a
fermined by averaging in energy terms the decisive audibility AL; calculated for each nar
praged spectrum. In this averaging, the AL; the makimum audlibility in each spectrur

h noise containing tones relative to a noise withouttones, not the annoyance of a tone ata

nes in different critical bands are evaluated separately. To arrive at a decision eh w(Llether an

ered (see

bne levels,

his means
ates edge

bsessed, is
row-band
n, is used
nnoyance
particular

all other

A gample program to determine audibility can be downloaded from https://standards.iso.ofrg/iso/ts/

20Pp65/ed-1/en. This is based o ISO/PAS 20065. It is useful for validating proprietary analys

5.2 Width, Af, of the critical band

Th

As
fre

©lI

e width, Af,, of the\critical band about the tone frequency, f7, is given by Formula (2):

i 210
Af, =25,0H2+75,0| 1,0+1,4[ JT /12
1000

suming a geometric position of the corner frequencies of the critical band (see Annex B), th

s codes.

(2)

PSe corner

quencies, f; and f,, are derived as follows:

fr=\fixfa
_Afc + V(Afc)z +4fT2

2 2
fo=f+4f

fi=

SO 2022 - All rights reserved
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5.3 Determination of prominent tones

5.3.1 General information

The audibility of a tone is determined using the tone level, L, and the critical band level, L, of the
masking noise in the critical band about the tone frequency, f. The frequency of all maxima of the line

spectrum is considered as the tone frequency.

The use of the Hanning window is recommended in Annex A. With window functions (except
rectangular windows), the effective analysis bandwidth, Af,, is greater than the bandwidth, Af, of
ideal filte
energy co ponents are counted a number of times (see Annex A for more information).

In a frequency analyser, this influence of summation (number of lines >1) is taken into considerat
through g4 correction value; if the level addition is simulated by the analyser program; then t
correction value has to be considered in the computing program, both in the formation-efthe tone le
[see Formula (8)] and in the calculation of the masking noise [see Formula (12)].

The meagurement is to be made where possible at such times that tones from: sources of resid
sound ar¢ not present as these can impact the assessment of the source ‘of specific sound un
investigatiion. Justification of the selection of the measurement time period-is to be reported. Wh
not possiljle, the influence of the sources of residual sound on the measunement is to be reported. WH
unattenddd measurements are used, ancillary data such as audio recording or other methods of sou
identification are recommended. It is recommended that tones that are suspected of being caus
by sourcefs of residual sound are excluded from analysis. In addition, it is recommended to consi
limiting the frequency range over which tones are searched fok:

5.3.2 Dptermination of the mean narrow-band level, L, of the masking noise in the critical
band

for
an
he

on
his
vel

hal
ler
bre
en
-ce
ed
ler

The mean|narrow-band level of the critical band, Lg)[see Formula (6)] is derived in an iterative procedijire

from the lines of the critical band about the line tnder investigation. The procedure commences wj
the energy averaging of all lines of the critical’lband with the exception of the line under investigat
itself. In the subsequent steps, the levels‘of the lines of the critical band under consideration are
longer talen into consideration in the averaging procedure if their level exceeds the energy mean va
determingd beforehand by more than6 dB. The iterative procedure is discontinued, if in an iterat
step, the new energy mean value i§ equal within a tolerance of 0,005 dB to that of the previous iterat
step or if the number of lines contributing to the mean narrow-band level to the right or left of the |
under invgstigation falls beléw a value of 5. In this case, the energy mean value from the last iterat
step, at which the number‘efienergy averaged levels on both sides of the line under investigation in e§
case was §till at least 5-swised to form the mean narrow-band level.

ination @f the mean narrow-band level, the entire critical band about the line un
investigation is used. Consequently, the range under investigation (see 3.21) is limited relative to
useable frpquency, fy, such that the upper limit of the uppermost critical band being considered does

ith
on
no
ue
on
on
ne
on
ich

ler
he
not

exceed the useable frequency, fy. A corresponding condition also applies in principle for the lower lilm

it

of the lowest critical band considered. Since the use of this document is restricted to tone frequenc

1es

greater than or equal to 50 Hz and the usual analysers generate line spectra starting at 0 Hz, it is not

generally necessary to take any special precautions.

The mean narrow-band level of the critical band, L, is given by Formula (6):

1M . 01L/dB Af
Le =10 lg| — 107~ +10 lg| —— ||dB
° { g[Mz"ﬂ ) g[Af

e

(6)
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where
L;  is the narrow-band level of the ith spectral line of the critical band under consideration, in
decibels (dB);
M  is the number of spectral lines to be averaged in the critical band;
Af  istheline spacing, in hertz (Hz) (see 3.13);
Af, isthe effective bandwidth in Hz; if a Hanning window is used then the effective bandwidth, Af,,
s 5-timesthefrequeneyreselution{Hrespacine Affseefnnesxsh
If the line spectrum is unweighted ("LIN" or "Z"), then it shall be A-weighted in accordarnce within

[E

NO|
or
me

NO

NO|
by

5.3

Th

fr
the

In
of

[ 61672-1.

TE 1 Ifthe iteration is discontinued, because the remaining number of spectral lin€s to be averg
both sides falls below 5, then the audibility can be somewhat greater than the audibility calculate
n narrow-band level.

TE2  The iteration procedure is described in Annex D.

TE 3  Using a digital calculation program, the equal condition in the'iteration procedure is typi
the resolution of the number format (high resolution should be used):

.3 Determination of the tone level Ly of a tone in a ¢pitical band
e tone level, Ly, is determined from the individual leveels'of the spectral lines in the critical b

hat contain energy to be assigned to the tone. In grinciple, a tone may only be present if t

veneral, a number of spectral lines have to.be taken into consideration, since, for instanc
the Picket fence effect (see Annex A), or actual small frequency fluctuations during data ca

to
y

e energy is represented through the levels of a number of spectral lines.
acent spectral lines should be used‘for summation purposes if
they differ from the narrowsband level at a frequency, f, by less than 10 dB, and

they differ from the méapnarrow-band level, Lg, of the masking noise within the critical b
the tone by more than 6 dB.

Incase K=1:

ged on one
d with this

cally given

and about
he level of

spectral line considered is at least 6 dB greater*than the corresponding mean narrow-band level, L.

b, because
pture, the

and about

In case K > 1:
LT_LLG}B/ZK 160 “"/dB\Tm}g(ﬁﬂdB 8)
T R ]
where
L; is the narrow-band level of the ith spectral line of this critical band with tone energy, in
decibels (dB);
K  isthe number of spectral lines with tone energy;
Af  istheline spacing, in hertz (Hz) (see 3.13);
Af, is the effective bandwidth, in hertz (Hz) (see 5.3.2).
©1S0 2022 - All rights reserved 9
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NOTE

The individual levels of the spectral lines with tone energy [see Formula (8)] also contain energy
components of the masking noise. These can generally be neglected.

5.3.4 Distinctness of a tone

The distinctness of a tone depends on the bandwidth of the tone and its edge steepness; if the
corresponding criteria are not satisfied then the tone is not audible to individuals with normal hearing.

If a tone based on bandpass noise has a distinctness of 70 % relative to that of a sinusoidal tone then
the maximum permitted bandwidth, Afy, as a function of the tone frequency, f;, is approximated (see

Figure 1 ipRefereneef8H-by-

Afg =[26,0(1,0Hz+0,001 f7) (9)
The bandwidth of a tone with a frequency, f;, is derived from the number of spectraldines, K [$ee
Formula (B)], multiplied by the line spacing, Af.
First critgrion: The bandwidth of the tone shall not exceed the maximum permittéd bandwidth given
by Formula (9).
Second crjterion: The edge steepness shall be at least 24 dB/octave.
This yields the level differences between the maximum narrow-bandJevel of the tone, Ly .., and the
narrow-band levels of the first spectral line below the tone L /aboyéthe tone L as follows:
The lower|level difference AL , is given by Formula (10):

L —-L
AL, 1 Lrmax =Lu 554 45 (10)
2 fT - fu

where

fu iqthe frequency of the first spectral litie below the tone, in hertz (Hz);

fr idthe frequency of the maximum narrow-band level, in hertz (Hz).
The upper level difference, AL, is given by Formula (11):

L —-L
AL, =|fy —Tmax_0 > 74 4B (11)
fo - fT

where

f, igthe frequency of the first spectral line above the tone, in hertz (Hz);

fr igtheéfrequency of the maximum narrow-band level, in hertz (Hz).
5.3.5 Determination of the critical band level, L, of the masking noise
The level L is given by Formula (12):

Le=Ls+[101g A—fc dB (12)

G S Af

where

Lg is the mean narrow-band level of the critical band, see 5.3.2;

Af. is

10

the width of the critical band about the tone frequency, fr, in hertz (Hz) (see 5.2);

© IS0 2022 - All rights reserved
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Af is the line spacing (frequency resolution), in hertz (Hz).

5.3.6 Masking index
The masking index, a,, is given by Formula (13):

2,5
a, ={—2—lg{1+(%j }} dB (13)

W}' are fictho froquencyu in hertz (H-)
e B AR S S L e s sy )

NOTE For information on the masking index, a,, see Annex C.

5.3.7 Determination of the audibility, AL

The audibility, AL, between the tone level, Ly, (see 5.3.3) and the level of the)masking threphold (see
3.15) is given by Formula (14):

AL=(Ly -Lg —ay) (14)

wlHere

Ly is the tone level, in decibels (dB) (see 5.3.3);
L is the masking noise, in decibels (dB) (see 5.3.53;
is the masking index, in decibels (dB) (see’5:3.6).

NOTE Formula (14) holds correspondingly ifallthe parameters of that formula are given.

5.3.8 Determination of the decisive audibility, AL;, of a narrow-band spectrum

To|determine the audibility, AL, of 4 noise a number of narrow-band spectra (see Annex D), staggered in
tinpe, of the noise with the same line width and same number of lines are used. The measurement time
for such a spectrum should belapproximately 3 s. The decisive audibility, AL, of an individualfspectrum
is dletermined in the following/four steps. For simplification purposes the run index j is not giyen.

Step 1

Eafh spectral ling;+{ 35 investigated in ascending sequence to establish whether it represents 3 potential
tone. A narrow<band level is a potential tone if the following conditions are satisfied:

L >LigandL; >L; 4 (15)

anfl

L; >Lg; +6dB (16)

NOTE1 Mean narrow-band level, Lg;, see 5.3.2.
Step 2

The tone levels, Ly, (see 5.3.3) of all the potential tones (run index k across all potential tones) is
determined. The masking noises, L (see 5.3.5), and the masking index, a,, (see 5.3.6), are determined
for the tone levels at which the condition of distinctness of a tone (see 5.3.4) is satisfied. These
parameters are used to calculate the corresponding audibilities, AL, [see 5.3.7, Formula (14)].

If AL, > 0, then a tone is present.

©1S0 2022 - All rights reserved 11
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Step 3

Critical bands with the width, Af_,,, are formed about each of these audible tones, Ly, (run index m
across all audible tones) of frequency, fr,,.

If a number of tones are present in a critical band, then their tone levels, Ly, , (run index n across all
tones in the critical band; H is the number) are summed in terms of energy.

Ly, = [10 1g(22':11o°'“Tm'" /dB )} dB (17)
where
H is the total number of all tones in the critical band;

Ly, , |is the tone level with the run index m across all audible tones and the run index’n across|all
tones in the critical band, in decibels (dB).

It is possilple for the energy of individual spectral lines to be assigned to a number‘efneighbouring tones
at the sanje time. Upon addition of the tone levels of neighbouring tones, the efiergy of these individpal
spectral lines may not be summed more than once.

The tone frequency, fr,,, is the frequency of the most pronounced tone, i-e. the tone with the greatpst
audibility]AL,, .

The mean|narrow-band level of the masking noise is that mean naxrow-band level that was calculated in
the iterative procedure in 5.3.2 [see Formula (6)] from the linesiabout the tone with this tone frequercy.

The level pf the masking noise is the critical band level, LGm’n, calculated with this mean narrow-bgnd
level in actordance with 5.3.5.

This tone Jevel, Ly, is used to recalculate the decisive audibility, AL, (see Step 2).

If exactly P tones with tone frequencies, f; andif,, appear in one critical band, then they are evaluated
separately if both tone frequencies lie below~}000 Hz and the frequency difference, f},.

fo =lfr1 = fr2l (18)

where fr4|f7, <1000 Hz.
Formula ([L8) exceeds the foHowing value (see Annex B):

1,8
1,2H1g[—fT/HZ ﬂ
fp =21x10 212 Hz (19)

where

50 Hz < f+ <1 000 Hz;
fr isthe frequency of the more pronounced tone (the tone with the greater audibility, AL,).

NOTE 2  If precisely 2 tones are present in a critical band below 1 000 Hz, then the human ear can distinguish
differences less than half the critical bandwidth (see Reference [6] and Annex B).

Step 4

The audibility with the maximum value, AL,, is the decisive audibility, ALj, of the individual spectrum.

12 © IS0 2022 - All rights reserved
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5.3.9 Determination of the mean audibility, AL, of a number of spectra

:2022(E)

As given in 5.3.8, the decisive audibility, AL, is calculated for each narrow-band averaged spectrum
(run index j, ] is the number). These ] audibilities, AL; are averaged in energy terms to yield a AL:

_ 1 oJ 0,1AL;/dB
AL=10 lg[72j2110 )dB

where

Th

(20)

AL ISThe decisive audibiity; I dectbels (dB);
j is the run index;
] is the number of spectra.

E tone frequencies are the frequencies of the tones to which the audibilities)are assigned.

a qufficient distance from the positive audibilities, ALJ-, for all spectra in, which no tone is

fol

owing value is used for AL;:

AL;=-10 dB

Noftone frequencies are stated for this AL;.

NOTE The audibilities, AL; (and not the tone levels, Ly;), ate averaged in energy terms since the
individual spectra have different tone frequencies, and thus,.different masking index, a, [see Formul
malsking noises [see Formula (12)] have to be calculated.

6

Th
ca

Calculation of the uncertainty of the audibility, AL

mean audibility, AL, between the tore level and the level of the masking threshold of

(sde 5.3.8 and 5.3.9):

AL

AL=101g(l / 100'1“1'/“3)(113
] &

is calculated through the use of Formula (14) and Formula (12):

Afcj

ith the expressions of

To ensure
found, the

(21)

ones in the

A (13)] and

a noise is

culated using Formula (20) from thg-decisive audibilities, AL; of the individual narrow-band spectra

(22)

(23)

(24)

t2 =110 1g(3 < 107 /) 101 Y || am
S I_ =T=% 7 kAfe )J

B 1M 01L;; /dB Af
LS,j_[w 1g(ﬁzi:11o J )+1Olg[FﬂdB

e
2,5
-/ Hz Y
av‘j:{—Z—lg 1+(%] }dB

NOTE All frequencies are expressed in hertz (Hz).

©lI
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(26)
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A normal distribution within the level zone is to be assumed for the term 101g

Afcj

Af

No uncertainty is assumed for the masking index, a,,

The Ly values are derived through summation and the Lg ; values through averaging of intensities. It
is therefore necessary to assume a normal distribution of these values within the intensity range. To
simplify the procedure, however, a normal distribution within the sound level range is assumed for
all summands. Since, for the consideration of uncertainty, it is of interest to know the probability of
determining audibility of a tone or tones that is too low, and for the upper limit of the confidence interval

the con51j]erat10n in the level zone yields greater uncertainties than a corresponding consideratien in
the intengjity zone, the agreement can be regarded as a safe estimation.
A number|of sound sources act on the emission point and may be regarded as incoherent. Theiremitted
output leyels are uncorrelated in their statistical behaviour. The uncertainty consideration of Ly gnd
Lg is basegl only on the uncertainty of the level of the spectral lines involved. The questioh as to whjch
spectral lines contribute to Ly/Lg is neglected in the consideration of uncertainty herein.
These asgumptions are used to determine the uncertainty of the audibility,-AL; using the Gaussjan
uncertainfy propagation principle:
SAL; i SAL SAL
2 M J J 1
oL |= —0 +) . |——0O + o 27
AL] 21 =1 6L LTj,i Zl:l 5szi sz,i 5AfC] Afcj ( )
The three|expressions above are determined in Formula (28) te Formula (30):
First expression:
0,1Ly../dB
OAL; L /
T 01Ly, . /dB Ol
5LTj,i ji ZK 10" T i / ji
i=1
2
. 0,107
10+ dB
2 Zi:l GLT]"I'
k | OAL;
Y. L g, = (28)
= SLy T 0,1Ly, . Y
ji Tji
zK 10 dB
i=1
where K is the numBer of all tone-containing narrow-band levels that result in the tone level, Ly in
accordande with 5:3.3 and 5.3.8.
If, in accofdafice with 5.3.8 Step 3, a number, N, of tone levels are summated then the sum of all tohe-
containing narrow-band levels in the affected critical band is to be used for K.
Second expression:
0,1Lg../dB
OAL; 10 S /
(o) = GL
5LS LSj,i M O,ILSl/dB Sj,i
i Z 10 1
i=1
14 © IS0 2022 - All rights reserved
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M ( 01L. /dB 2
2 Ji
6ALJ Zi:l(lo O-LS}",' )

M
h o | = (29)
i=1| §L. Sji 2
1) S Ji ZM 100'“5;,1' /dB
i=1

M is the number of narrow-band levels that contribute to the formation of the mean narrow-band level
in the critical band in question.

Third expression:

6AL; 4,34dB
SAE. oM TTAr
Afcj j Af,

€j

Onf; (30)

The uncertainty of the critical bandwidth, Af,, maximally corresponds to thediné spacipg, Af. No
unfertainty is assumed for this line spacing. It follows from this that

GAij =Af
OAL ;

Loy =434 Y g (31)
5AfC] C] AfC]

A yniform value of o ; =3dB is assumed for the uncertainty.of all narrow-band levels. Formula (28) to
Formula (30) can be used to calculate the uncertainty, GAL], , of the audibility ALj:
2

K 0,1Lp. . /dB Y M 0,1 <) /dB 2
S0 (07
i=1 i=1 2 Af
GAL- = + GL- + 4‘,34 ——dB (32)

j 2 2 J A
(ZK LT /dBj (ZM o0 /dB] e,
i=1 =1

The uncertainty of the mean audibility, AL, is given by Formula (33):

SAL,  Aln 21 10 1AL; /dB ALy
1

I . 2
\/2 ' (100,1ALJ /dBGAL-)
- j=1 J
OAL = — 7

Q1AL / dB
T 77

(33)

j=1

For OaL; see Formula (32).

I is the number of narrow-band spectra.
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ded uncertainty is:

UO’UU. =k0AL (34)

The coverage factor, k, for a 90 % coverage probability in a bilateral confidence interval has a value of

1,645.

The experience also shows that with fluctuating noise, one achieves an extended uncertainty, U, of the

audibility,

NOTE

with an av
uncertaint
fluctuating

7 Reca

AL, of about 1,5 dB with 12 averages.

braging time of approximately 3 s. The number of spectra necessary to achieve the above-mentio
y will depend on the variability of the noises. Investigations have shown that even with(stron
noises (e.g. wind turbines), the number of spectra necessary does not generally exceed 12.

mmendations on the presentation of results

7.1 Measurement

a) Date 3

7.2 Acq
a) Descr
point
envir
b) Airte

c¢) Mean

d) Anys

7.3 Ins

ind place of measurement.

ustic environment

iption of the measurement environment with the position of the source and the measurem
a sketch of the surrounding area, including a physical description of the measurem
bnment.

mperature in degrees Celsius, air pressure in-Rascal and relative air humidity.
wind speed and direction.

pecial information, e.g. dominant soutees, fluctuating sources.

ruments for measurement, recording and evaluation

a) The manufacturer.

b) Desig
c) Serial
7.4 Acq
a) Lines

b) Rang;g

hation/model.

number.

ustic data
pacing(see 3.13)

b investigated (see 3.21).

ent
ent

c) For noise spectra for which a decisive audibility, AL]- > 0, was calculated, the tone frequencies, ij,k,
of all tones and the corresponding audibilities, AL;  (see 5.3.8).

d) For the averaged noise spectrum:

1) the mean audibility, AL (see 5.3.9), and

2) iflessthan 12 spectra have been averaged, the extended uncertainty (see Clause 6).

e) A diagrammatic representation of the narrow-band levels across the frequency of the 3-second
averaged spectrum with the greatest AL.

16
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Annex A
(informative)

Window effect and Picket fence effect

In the discrete Fourier transform (DFT), the noise is determined in data blocks of block length N of the
tinfle window. N corresponds to the number of sampling values, e.g. 210 = T 024151,

In pccordance with the definition of the Fourier integral, a pre-requirement of the DFT(analysis is that
the time data set is periodic. An unchanged further processing of the data points, as/with thefuse of the
re¢tangular time window, will only lead to correct results with transient signal§-and signgls that fit
exqictly in the time window with a whole number of full periods. With stochastic-hoises, it dan lead to
sevyere distortions of the spectrum as the signal is cut off at the edges of the time/window. To cqunter this
“sthearing” of the frequency lines (leakage effect), the signal is multiplied¢by’a weighting furjction that
sefls the amplitude values to zero at the limits of the time window and thus overcomes discontiinuities in
th¢ signal course within the window. The weighting functions, w(t), ateas follows:

—| for the rectangular window: w(t) = 1 for 0 < t < T and w(t) = Ofor all other values of t;
—| for the Hanning window: w(t) = 1 - cos(2nt/T) for 0 < t<Dand w(t) = 0 for all other valug¢s of ¢.
NOTE T corresponds to the width of the time window.

The use of the Hanning window is mandatory in~this annex. Depending on the window function
chgsen (weighting function), the bands of the individual filters are superimposed to varying degrees
corresponding to the edge steepness; the resultant so-called “effective bandwidth”, Af,| with the
Hanning window is 1,5 times the frequency resolution, Af. This means that each frequency band always
hap energy components of the neighbourihg bands (where present). Power components are|therefore
colinted more than once in the summation process. Because of the leakage effect (see §bove) for
determination of the level with the-Hanning window, it is necessary to add at least three lifes. These
influences are taken into consideration through a correction value in the summation process (humber of
lines >1) in the frequency analySer. With the Hanning window, this value is 10 1g (1/1,5) dB = 1,76 dB. If
the level addition is simulated in a program, then this correction value has to be taken into conpideration
in [the computing program *— both in the derivation of the tone level and in the calculation of the
mdgsking noise.

If 3 noise is analy$ed with discrete filters, then it is as if viewed through a lattice fence, hence the
expression “picket/fence effect”. The analysis of individual tones provokes different amplitude and
frdquency ernors (see Figure A.1), depending on the correspondence of the analysis frequepcy of the
spectrfum with the frequency of the individual tone. With the Hanning window, this pmplitude
erfor, ALlies between 0 dB (if both frequencies correspond exactly) and 1,42 dB, if the analysis
frgquéncy falls exactly between two lines. As the two following examples show, this error is|corrected
thodgh summation over a number of lines and subsequent Hanning correction of the errors.

Exception: If all lateral bands are discarded because of the low difference to the mean and only a tone
containing narrow-band level of frequency, f, forms the tone level, L, then no Hanning correction is
carried out.

EXAMPLE1 The analysis frequency corresponds to the tone frequency.

As shown in Figure A.1 a), left, the difference A between the maximum level and the lateral level is 6 dB,
and the difference AL between the (measured) original level of the tone frequency and the analyser
value is 0 dB; the following values result.

Level of the tone frequency (original and analyser value): 80 dB
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The level of the two lateral lines in the analyser (80 dB — 6 dB): 74 dB
Level sum without correction: 81,77 dB
Hanning correction, 10 Ig (1/1,5): -1,76 dB

The result of the level sum with correction corresponds to the level of the tone frequency.

EXAMPLE

2 The tone frequency lies exactly mid-way between two analysis frequencies.

As shown in Figure A.1 b), middle, the maximum level is divided into two lateral levels with a difference

A =0dB. The difference AL between the (measured) original level of the tone frequency and the analy

value is 1,42 dB. The following values result.
Original level of the tone frequency distributed over four lateral lines: 80.dB
Of which the two highest (80 dB - 1,42 dB): 78,58
Levellsum of the two lateral lines without correction: 81,59 dB
Hannjing correction, 10 Ig (1/1,5): -1,76 dB

ser

The resulf of the level sum with correction corresponds approximately tothe level of the tone frequency.

Figure A.1 is derived from Reference [5] and a brief explanation is_given below.
Figure A.1 a) shows three different cases (from left to right):
— first dase: the analysis frequency corresponds to the tene’ frequency;

— second case: the tone frequency (indicated by thesdashed line) lies midway between two analy

frequ

— third
frequ

The desig|

represent

a) inthe
b) in the

c) inthe

18

bncies;

case: the tone frequency (indicated by the dashed line) lies displaced towards the analy
EIICY.

nation B is identical to the line.spacing, Af (see 3.13), of this document. In Figure A.1 a)
5 the difference between thetone frequency and the analysis frequency:

first case: Af=0;
second case: Af=0;5 x B;
third case: 04 < 0,5 x B.

sis

sis

Af
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b)
Key
B | line spacing,inhertz (Hz)
A | difference,'in decibels (dB)
AL| difference between the real narrow-band level with the tone frequency, f1, and the level of the djrect lateral
band with the greater of the two levels, in decibels (dB)
Af|_difference between the tone frequency and the analysis frequency, in hertz (Hz)

first case
second case
third case

Figure A.1 — Frequency correction and level correction for the Picket fence effect using the
Hanning window
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Annex B
(informative)

Resolving power of the human ear at frequencies below 1 000 Hz
and geometric position of the critical bands - corner frequencies

distinguigh between differences in the tone frequencies that are lower than the half width of the-critical

At a freq%ency below 1 000 Hz, if there are several tones in a critical band, the human ear is ablg to

band. If t
points or

e critical band has two or more tones, then the ear can detect differences as shown by the
lashed lines in Figure B.1.

fo
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2000 /’
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20 ———pd | e
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1000 10 000

critical bandwidth as a function of frequencyl4l

noise that comprises two tones

noise that comprises more than two tones in the critical band under consideration
frequency, in hertz (Hz)
frequency difference, in hertz (Hz)

Figure B.1 — Frequency differences between the tones of complex noises that the human ear

20

can still resolvel6!
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Two tones of tone frequencies, f;; and fr,, are evaluated separately if both tone frequencies lie below
1 000 Hz and the frequency difference, fp:

fo =|fr1 - fral

where fr4, fr, <1000 Hz.
Formula (B.1) exceeds the following value:

1,8
1 7H10(fT/HZ ﬂ

(B.1)

wh

In

fp=21x10 L1 212 ]I yy

ere

50 Hz < f; <1 000 Hz;
fr is the frequency of the more pronounced tone, in hertz (Hz).

this document, the critical band is modelled as an ideal rectangudar-filter with a mid-fre

(tone frequency), the lower corner frequency, f;, and the upper corsier frequency, f,, with
ner frequencies having a geometric position to the tone freq@iency [see References [1] and [2]; all

col
fre

quencies in hertz (Hz)].

fr=NAfs
fo—fi=4f

With the quadratic supplement, it follows frofntFormula (B.3) and Formula (B.4):

A @) +aff

h=-7 2

fo=fi+4f,

(B.2)

quency, fr
these two

(B.3)

(B.4)

(B.5)

(B.6)
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Annex C
(informative)

Masking, masking threshold, masking index

Masking is the raising of the audibility threshold for a sound as a result of the influence of another
sound[3l.

The mask|ng threshold, L7, is that sound pressure level of a sinusoidal test tone that is required fof if to
be just pefceivable in the presence of a masking noise (critical band level, L;). The maskingghrésholdl is
determingd in repeated tests in which a group of subjects with normal hearing can just(perceive the
tone in 50/ % of the cases.

The mask|ng index, a, = Lr'r —Lg, is the difference between the level of the test tone; L} , and the critical

band leve|, L., see Figure (C.1). At low frequencies, the masking index has @ value of approximately
-2 dB. Abpve a transition range between 0,2 kHz and 1 kHz, it falls at a cénstant logarithmic rate to

-6 dB at 20 kHz.

ay
0
-2
\\
-4
\
-6
20 50 100 200 500 1000 2000 5000 10000 20000 f

Figure C.1 — Masking index, a,, as a function of frequency, f

The mask|ng index, a,, is given by Fermula (C.1):

2,5
a, = —2—1g{1+(%) :|}dB (d.1)

where fis|the frequeney,in hertz (Hz).
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Annex D
(informative)

Iterative method for the determination of the audibility, AL

D.t—Generat

Figure D.1 shows an iterative method for calculation of the audibility.

Determine the number of
usable spectral lines

!

Read in the frequencies and
determine the masking index a y no

l dk AL>07?

!

Determine L ; and.€alculate
AL=Ly-Lehay

Determine the line width

yes
Determine the indices of Flag the maximum AL of the
frequency group start and end for s_pectrum and cal_culz?te the
all spectral lines, and also variable for determination of the
determine the upper limit of the uncertainty
analysis range

!

Determine the number of spectya

End of the
analysis range?

Group a number of tones together
in one critical band, calculate
auxiliary variables for

Read in thespectrum and carry
out A-weighting as necessary

l determination of the uncertainty
(detailed diagram 3)

For.all spectral lines, calculate the

mean narrow-band level L g and ¢

calculate auxiliary variables to -

i i Flag the maximum
determine the uncertainty AL !

(detailed diagram 1) of the spectrum

no Number of spectra
analyzed?
Y
For the first/next spectral line yes
(frequency ft) calculate the tone
level L 1 and the auxiliar
variables foTr the determinati}:)n of Cach}late the mean A.L fr."f“ the
uncertainty and check distinctness maximum AL of the deldl.lal

(detailed diagram 2) spectra and the total uncertainty

End

Figure D.1 — Iterative method
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D.2 Detailed diagram 1

The mean narrow-band level, Lg, and auxiliary quantities to determine the uncertainty are calculated
for all spectral lines (see Figure D.2).

24

Detailed diagram 1
(For all spectral lines, calculate the
mean narrow-band level L g and
auxiliary variables to determine
uncertainty)

1O

'

Have at

least 5 spectral lines

Y

&

For the first/next frequency f1 in
the analysis range, derive the
narrow-band level L ¢ as the
averaged level across all lines of
the frequency group, except for
the spectral line for the frequency
fr under consideration
(=preceding value)

Derive the narrow-band level L g
as the averaged level across all
lines of the frequency group,
except for the spectral line at the
frequency f under consideration
and except for all lines that have a
level > preceding value
+ 6 dB (=value)

value # preceding
value and have atleast 5
spectral lines been inicluded above
and 5 spectral lines
below the

fr?

no

Preceding value = value

been included above and
5 spectral lines below
the f1?

L s(f1) = value and auxiliary
variables

)

A

| L s(f ) =preceding value

Calculate auxiliary variables to
determine uncertainty

End of the
analysis range?

[ End of detailed diagram 1 ]

Figure D.2 — Detailed diagram 1
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D.3 Detailed diagram 2

The tone level, Ly, and the auxiliary quantities to determine the uncertainty is calculated for the first/
next spectral line of frequency, f1. In addition, the tone is checked for distinctness (see Figure D.3).

Detailed diagram 2
[For the first/next spectral line
(frequency f1), calculate the tone
level L t and auxiliary variables to
determine uncertainty and check
distinctness] Is the level

| at the next lowest no
frequency > L ¢(f) + 6 dB
and > the level (f)
-10dB?

Is the
level at f a relative
maximum?

yes

Add the level and calculate.the
lower edge steepiress

Continue tone search at the next
highest frequency

Is the level
at the next highest
frequency > L ¢(f) + 6 dB
and > the level (f)
-10dB?

A
Maximum = fr

no

Add the level and calculate the
upper edge frequency

Is the level
at the next highest frequency;
> L g (maximum)
+6dB?

'

Calculate the bandwidth of the
tone

Is)the level
at the next highest

frequency > level
(maximum)

()

Is the tone
distinct at f1?

Maximum = next

highest frequency Setfr=fr
| PN |
Y /
Flag the frequency fr, as the End of the detailed diagram 2
search for further tones is
continued from here

Figure D.3 — Detailed diagram 2
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D.4 Detailed diagram 3

A number of tones in one critical band are grouped together and auxiliary quantities for determination
of uncertainty are calculated. The maximum AL of the spectrum is identified (see Figure D.4).

Detailed diagram 3 l
(Group a number of tones in one
frequency group together, Flag spectral lines that belong to
calculate auxiliary variables for the starting tone or the
determination of uncertainty and flag additionally found tone
the maximum AL of the spectrum)
| Ja
A no Is the lower

— limit of the frequency group
reached?

Is a tone
present at the highest/next
frequency of the analysis
range?

Is the
least one second tone
present?

no

Continue search at the next
lowest frequency

Are more
than two tones
present?

yes

Is a further
tone present in the
frequency group above the fre-
quency of the starting
tone?

Can they
be separated in accordance
with 5.3.8?

Flag spectral lines that belong to
the starting tone or the
additionally found tone

Add the levels of the flagged
spectral lines and, using the
masking noise and the masking
index of the participating tone with
the greatest difference AL, determine
a AL of the frequency group
and calculate auxiliary variables
to determine the uncertainty

Is the upper
limit of the frequeney group
reached?

no

M| -
Is a further no Is the lower
toTre preserntin tire IO — end of the analysis range
frequency group below the fre- N reached?

quency of the starting
tone?

yes

[ End of the detailed diagram 3 J

Figure D.4 — Detailed diagram 3
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