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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 prodedures used to develop this document and those intended for its further maintenance‘afe
describedl in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed\for tte
different|types of ISO documents should be noted. This document was drafted in accordange with the
editorial|rules 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 be the subject jof
patent riphts. ISO shall not be held responsible for identifying any or all such paten® rights. Details jof
any pateft rights identified during the development of the document will be in the{Introduction and/pr
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does npt
constitutle an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity assessmelﬁt,
as well ap information about ISO’s adherence to the World Trade Organization (WTO) principles in the

Technical Barriers to Trade (TBT) see the following URL: wwwziso.org/iso/foreword.html.

The committee responsible for this document is ISO/TC 43,*Acoustics, Subcommittee SC 1, Noise.
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PUBLICLY AVAILABLE SPECIFICATION ISO/PAS 20065:2016(E)

Acoustics — Objective method for assessing the audibility
of tones in noise — Engineering method

1 Scope

This Publicly Available Specification describes a method for the objective determination of the dudibility
of tones in environmental noise.

This Publicly Available Specification is intended to augment the usual method for evaluatiqn on the
basis of aural impression, in particular, in cases in which there is no agreement gnythe degree of the
audibility of tones. The method described can be used if the frequency of the tone being evdluated is
equal to, or greater than, 50 Hz. In other cases, if the tone frequency is below.50,Hz, or if other types of
ngise (such as screeching) are to be captured, then this method cannot replace subjective evai[:lation.

The method presented herein can be used in continuous measurement;stations that work automnatically.

2| Normative references

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

[0 1996-1, Acoustics — Description, measurement.and assessment of environmental noise — Part 1: Basic
quantities and assessment procedures

IHC 61672-1, Electroacoustics — Sound level'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 follow{ng apply.

31
tgnality
presence of a tone in‘a;noise, the level of which is below that of the remaining noise components in the
cifitical band (3.5)@beut the tone frequency (3.2) by less than the value of the masking index (3.[L6), ay

3j2
tgne frequency

/1]

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

3.3

tone level

Lt

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

Note 1 to entry: If the critical band (3.5) for the frequency, fT, under consideration contains a number of tones,
then the tone level, Lt, is the energy sum of these tones. This level, Lt, is then assigned to the frequency of the
participating tone that has the maximal value of audibility (3.4), AL.

Note 2 to entry: The method for the determination of the tone level, L, of a tone in a critical band is described
in 5.3.3.

© IS0 2016 - All rights reserved 1
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3.4

audibility

AL
differenc

e between the tone level (3.3), L, and the masking threshold (3.15), L7

Note 1 to entry: The method for the determination of the decisive audibility (3.24), AL, of a narrow-band spectrum
(3.12) is described in 5.3.8.

3.5

critical band

frequenc
intensity|
formatio

Note 1 to
sound lev

3.6
mean na
Ls
energy n
this mea

Note 1 to
described

3.7

critical band level

Lg
level of nl
noise for

Note 1 to
Note 2 to

3.8
samplin

fs

number ¢f samples taken per second

Note 1 to
discrete t

Note 2 to
sampling
in the tin
algorithm
optimized

in the formation of loudness and within which it integrates the sound intensity in‘the
h of the masking threshold (3.15)

entry: This characteristic of a critical band (see also References [3] and [4]) holds only ferarestricted
bl range. This dependence is neglected here.

rrow-band level of the critical band

ean value of all narrow-band levels (3.22) in a critical band (3.5) that (as a rule) does not exce¢d
h value by more than 6 dB

entry: The method for the determination of the mean narrow-band level Ls of the masking noiselis
in 5.3.2 and Annex D (iterative method).

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

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

entry: For the definition formula for Lgl.see Formula (12).

g frequency

entry: The analggue/data provided continuously are converted into samples through sampling Jat
me intervals fop-digital processing.

entry: To ensure the reproducibility of a digitized signal, the Shannon theorem requires that the
frequency, fs, is at least 2 times the highest frequency of the signal components used for evaluatipn
e signalfs = 2 fy, see also aliasing (3.9), antialiasing filter (3.10) and useable frequency (3.20)]. The
of d Fast Fourier Transform analysis (the variant of a discrete Fourier Transform used typically apd

thus need

3.9
aliasing

forycalculation) only permits block lengths (3.11), N, that correspond to a power of two. FFT analyz

reflection in the line spectrum (3.12) of frequency components from the range above the sampling
frequency (3.8) divided by two (fs/2) in the range below fs/2

Note 1 to entry: Antialiasing filters (3.10) are used to avoid errors through such reflections.

Note 2 to entry: Half the sampling frequency (fs/2) is also known as the Nyquist frequency.

© ISO 2016 - All rights reserved
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10

antialiasing filter

lo

w-pass filter

ideal filter that allow frequencies below half the sampling frequency (3.8) to pass through completely
(without influencing the signal), but completely block all higher frequencies

Note 1 to entry: To prevent aliasing (3.9), the noise under investigation shall be filtered using an antialiasing

fil

ter before analogue-to-digital conversion.

Note 2 to entry: Real aliasing filters have a final damping (generally 120 dB/octave) within the blocking range, i.e.

of 2 048

si

(2
1
cq

N
€3
le

3

b
N

1 P i H rn 4+ s v:4 £1 ol (,—l P ,-l) I lJ] 3 £l £ £ -
:,ucu CUIITPUIIUTIUS TIT UIITS LI dlioItivIl 1TdITgC dI U TUTICULCU UdIITpTuUu). 1T'UTI CAdIIIPIC, 111 L1IIT LTI dIISITUTITIAdUIYU
k) data points, 1 024 frequency lines are calculated and 800 lines shown. A component in thelin
248 is folded back into the line number 800. With a low-pass filter of 120 dB/octave the dampin
mponents is approximately 75 dB.

bte 3 to entry: The usual commercial FFT analyzers have an antialiasing filter, the limitfrequency
n be switched automatically with the selectable sampling frequency. The reflection-of simulated na
els (3.22) is suppressed.

11
ock length

N
Ty
le
T

3
li
n
fn

pl
b3
N

N
th

li
fr
di

b:r)ck of sampling values that in discrete form represents a time-limited range of the time sig
a

alysed

te 1 to entry: In contrast to frequency analysis with analogueland digital filters, the noise with the F3
ansform is processed in data blocks. In general, these blocks embrace only a part of the noise recording.
hgth, N, expresses the number of data points processed dt'the same time. Due to the nature of the Fa
ansform, the value of N has the integer of power of 2. It h@s a value, for example, of N = 210 = 1 024 data

12

he spectrum

rrow-band spectrum

equency spectrum

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

bte 1 to entry: A-weighting of the\level is assumed in this Publicly Available Specification.

bte 2 to entry: Frequency ‘analysis delivers a line spectrum, in which each line represents the output
e mid-frequency of which corresponds to the frequency of the spectral line (3.23).

13

he spacing
equency resolution
stance bétween neighbouring spectral lines (3.23), where the line spacing in the FFT is given

M<ESfs/N

e number
b of these

of which
‘row-band

nal to be

st Fourier
The block
st Fourier
boints.

Fequency

of a filter,

by

w

here

fs is the sampling frequency (3.8);
N is the block length (3.11).

Note 1 to entry: In this Publicly Available Specification, the line spacing is 1,9 Hz < Af < 4,0 Hz.

©
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3.14

time window
time data set of the signal segment (block length) (3.11) that is multiplied by a weighting function

(window

function)

Note 1 to entry: In accordance with the definition of the Fourier integral, a prerequisite of the FFT analysis is that
the time data set is periodic. If this is not the case (as with stochastic signals), cut-off effects at the edges of the
time window will lead to distortion of the spectrum. These distortions are avoided through weighting functions

such as th

Note 2 to

e Hanning Function.

antry: BEor mnara informaation an vrindaovs and yvwoaioghting functione cog for avaranla Daforanca [C] o
ety e ere-Hrerato - oi-—wWite e e ORG-S5 eto-exainpreetrerence =1

nd

Annex A.

3.15
masking
L
audibility
Note 1 to
3.16
masking
ay
differend
masking

Note 1 to

3.17
bandwic
frequenc
frequenc

Note 1 to
calculated

3.18

distincthness

clarity
ratio of t
tone of t}

3.19

edge ste
ratio of t
narrow-A

Fad
oY v eTSTT 15)

threshold

(3.4) threshold for a specific sound in the presence of a masking sound (masker)

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

index

e between the masking threshold (3.15), L-., and the critical band level (3.7), Lg, of the

noise

entry: For frequency-dependent masking index, ay, maskiig’and masking noise, see Annex C.

th
y bandwidth
y range of a number of neighbouring speetral lines (3.23)

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

frequency range are assigned to.the’frequency band.

he conspicuousnessS-of a tone based on a bandpass noise to the conspicuousness of a sinusoid
le same tone frequency (3.2), fT, and same tone level (3.3), Lt

Epness

he level-difference between the maximum narrow-band level (3.22) of a tone, Ltmax, and the

and levels of the first line below/above the tone to the corresponding frequency difference

e

3.20

useable frequency

N

upper limit frequency of the signal components used for evaluation

3.21

investigation range
range within which tones are investigated in the line spectrum (3.12)

3.22

narrow-band level
averaged level within a spectral line (3.23)

© ISO 2016 - All rights reserved
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3.23
spectral line
frequency band of bandwidth (3.17), Af (line spacing) (3.13), in a line spectrum (3.12)

3.24

decisive audibility

ALj

maximum audibility (3.4), AL, in the individual spectrum, j

4

4
T

T

4
S

A

Measurenmrent procedure

1 General

he variable for determination of audibility of prominent tones is the sound pressure p(t). For f

amalysis, the A-weighted equivalent continuous sound pressure level, La¢q, as given in ISO 199
b¢ established for the respective spectral lines. If the spectrum is uniweighted (linear), then i
corrected to A-weighting in accordance with [EC 61672-1.

2 Measurement instruments

pund level meters that meet, or exceed, the requirements of Class 1 in IEC 61672-1 shall be us

have a frequency weighting “A”/“LIN” or “A”/“Z” withza lower limit frequency equal to, or beloy

IHC 61672-1.

A

H
¢

b
h
B
p
S

4
T

halysis of frequency components if-the measurement signals is performed using a f

amalyzer. The constant line spacingyAf, shall lie in the range 1,9 Hz to 4 Hz (inclusive). The u

hnning window is mandatory in“this Publicly Available Specification. For further processin

s a resolution of at least @,1)dB.

efore it is processed further, the analogue measurement signal shall be passed through a s
iss filter (antialiasing filter) to avoid errors in frequency analysis. The sampling frequency

hall be at least twotimes the maximum usable frequency present (see 3.20). The Hanning win
be used as time,window to reduce lateral bands (see 3.14).

3 Merging the basic spectra

he-Spectra for the prominent tone assessment shall have an averaging time of approximately

he measurement procedure will depend on the aims. The requirements for thetmeasurement and
agsessment procedure in terms of the choice of measurement point, measurementtime and du
mleasurement, extraneous noise, etc. shall be satisfied.

ration of

Fequency
6-1, is to
t shall be

bd. These
r 20 Hz.

ditional instruments such as recording instruments (digital or magnetic tape) may also be fised. The
mleasured values derived through recording instruments shall lie within the tolerance range

given in

Fequency
se of the
b, it shall

e ensured that the digitalization of the sound pressure signal across the entire dynamic range used

eep low-
(see 3.8)
dow is to

r 3s. Due

td_the line 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 analyzer will have an averaging time below 1 s. To get the averaging
time of approximately 3 s, a number of basic spectra shall be merged. This shall be done line by line

with Formula (1):

©
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1 N 0,1L; ./dB
L = 10lg[ﬁz, 10 1 JdB 1)
where

Ljj is the level of the ith spectral line for the jth spectrum;

N isthe number of mm‘gpd spectra

5 Evaluation

5.1 Gepneral information

The aim [of evaluation is to establish the audibility, AL. The procedure is the saméAfor stationary apd
non-statijonary noises. For tones that can only just be perceived, a quaver (eighthynote) is to be adopté¢d
as a base|time that is adequate for hearing. However, comprehensive studies have shown that the lowgr
limit for fise of the procedure is reached at averaging times of approximately:3-s. Lower averaging timgs
lead to unjustified values of audibility, AL (too high, but also too low).Sighals that have a very high
level dyrfamic and/or frequency dynamic that no longer correspond with a 3-second averaging can,
thereforg, not be evaluated using this Publicly Available Specification,;The following conditions shall e
satisfied [for the measurements.

— The extended uncertainty, U, of the audibility, AL, with a‘caverage probability of 90 % in a bilaterjal
confldence interval (see Clause 6) shall not exceed +1,5 dB. This is generally the case with evaluati¢gn
of at{ least 12 time-staggered narrow-band averaged- spectra. If there are less than 12 average¢d
specfra then the uncertainty shall be taken into consideration as given in Clause 6.

— Wheye there are alternating operating states, all of the operating states shall be covered by the
averpging spectra used (see Annex E).

Tonal cothponents in different critical bands.are evaluated separately. To arrive at a decision on whethpr
a tonal afidibility has to be made, only the most pronounced tone is considered. If a number of tones afe
present Wwithin a critical band, then an'energy summation of their tone levels, Lt;, is carried out to yiefld
a tone leyel, Lt (see 5.3.8).

A tonal audibility is performed for a tone only if its distinctness (see 3.18) is at least 70 %. This means
a maximpl bandwidth, Afg,.dépendent on the tone frequency [see Formula (9)] and necessitates edge
steepnesk (see 3.19) of atleast 24 dB/octave.

NOTE 1 | For the distinnctness of a tone, see 5.3.4.

NOTE 2 | Harmeni¢ multiples of a tone are evaluated, independently of that tone, similarly to all other
componeits of the spectrum.

A sam 1 nroaramtadetermine audihilitvy can ho davwnlaadod fram httn:- //ctandardcicn ara/ica /2004 5
p pHogiante-aeteriHhie adaishity-cahi-be-aowhoaaea oot/ Stahaar aSs356-604 £A56/50990
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5.2 Width Af; of the critical band
The width Af; of the critical band about the tone frequency ft is given by Formula (2):

0,69

2
H
Af, =25,0Hz+75,0| 1,0+1,4) L1/H2 Hz 2)

1000

Assuming a geometric position of the corner frequencies of the critical band (see Annex B), these corner
frequencies, f1 and f;, are derived as follows:

fr=yf1xf; (3)

_Af @Qf+4ﬁz

fi=— ; “

f2=f1+4M (5)

5|3 Determination of prominent tones

53.1 General information

The audibility of a tone is determined using the tone.level, Lt, and the critical band level, Lg, of the
miasking noise in the critical band about the tone frequency, fr. The frequency of all maximha of the
spectrum is considered as the tone frequency.

The use of the Hanning window is recomniénded in Annex A. With window functions (ekcept for
rgctangular windows), the effective analysis bandwidth, Afe, is greater than the bandwidth|Af, of an
ijeal filter (see 3.13), i.e. the individual*bands are thus superimposed. In the summation prqcess, the
ergy components are counted a numper of times (see Annex A for more information).

In] a frequency analyzer, this influence of summation (number of lines >1) is taken into consjderation
tHrough a correction value; if\the level addition is simulated by the analyzer program, then this
carrection value has to be donsidered in the computing program, both in the formation of the fone level
[ske Formula (8)] and in the calculation of the masking noise [see Formula (12)].

5{3.2 Determination of the mean narrow-band level Lg of the masking noise

The mean narfow-band level, Ls, [see Formula (6)] is derived in an iterative procedure from|the lines
of the critical*band about the line under investigation. The procedure commences with the energy
ayeraging.ofall lines of the critical band with the exception of the line under investigation its¢lf. In the
bsequent steps, the levels of the lines of the critical band under consideration are no longer taken
to-consideration in the averaglng procedure if their level exceeds the energy mean Value defermined
béforeha , edure is s epl the new
energy mean value is equal w1th1n a tolerance of +0 005 dB to that of the prev1ous 1terat1on step or if
the number of lines contributing to the mean narrow-band level to the right or left of the line under
investigation falls below a value of 5. In this case, the energy mean value from the last iteration step, at
which the number of energy averaged levels on both sides of the line under investigation in each case
was still at least 5 is used to form the mean narrow-band level.

For determination of the mean narrow-band level, the entire critical band about the line under
investigation is used. Consequently, the range under investigation (see 3.21) is limited relative to the
useable frequency fy such that the upper limit of the uppermost critical band being considered does not
exceed the useable frequency fy. A corresponding condition also applies in principle for the lower limit
of the lowest critical band considered. Since the use of this Publicly Available Specification is restricted

© IS0 2016 - All rights reserved 7
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to tone frequencies greater than or equal to 50 Hz and the usual analyzers generate line spectra starting
at 0 Hz, it is not generally necessary to take any special precautions.

The mean narrow-band level Lg is given by Formula (6):

1 M _01L; /dB Af
L. =[101g| — 107 101lg| — | |dB 6
S g(MZ J+ g{Af ] ©6)

i=1
e

where

L; |is the narrow-band level of the ith spectral line, in decibels (dB);
M |is the number of spectral lines to be averaged in the critical band;

Af |is the line spacing, in Hertz (Hz) (see 3.13);

N

Afe |is the effective bandwidth in Hz; if a Hanning window is used then the effective’bandwidth, A
is 1,5 times the frequency resolution (line spacing), Af (see Annex A).

If the spgctrum is unweighted (linear), then it shall be A-weighted in accordafice within [EC 61672-1.
NOTE 1 | Ifthe iteration is discontinued, because the remaining number of spéctral lines to be averaged on ohe
or both sifles falls below 5, then the audibility may be somewhat greater than the audibility calculated with tHis
mean narfow-band level.

NOTE 2 | The iteration procedure is described in Annex D.

NOTE 3 | Using a digital calculation program, the equal condition in the iteration procedure is typically given
by the resplution of the number format (high resolution shouldbe used).

5.3.3 IDDetermination of the tone level Lt of a toné“in a critical band

The tone(level Lt is determined from the individual levels of the spectral lines in the critical band about
f1 that cqntain energy to be assigned to the tone. In principle, a tone may only be present if the level of
the spectral line considered is at least 6 dB greater than the corresponding mean narrow-band level Zs.

In genergl, a number of spectral lines\have to be taken into consideration, since, for instance, becauge
of the Pigket fence effect (see AnnéxA), or actual small frequency fluctuations during data capture, the
tone enefgy is represented through the levels of a number of spectral lines.

Neighboyring spectral lines should be used for summation purposes if
— they|differ from thenarrow-band level at a frequency, fT, by less than 10 dB, and

— they/|differ frem‘the mean narrow-band level, Ls, of the masking noise within the critical band abojit
the tpne bysmere than 6 dB.

In caseK = 1:

Ly =Ly (7)

Incase K> 1:

L, =[10 1g(zK1100'1L,-/dBj+1o 1%%} dB (8)

i=
e

8 © IS0 2016 - All rights reserved
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where

L;  isthe narrow-band level of the ith spectral line of this critical band with tone energy, in

decibels (dB);
K  is the number of spectral lines with tone energy;
Af  istheline spacing, in Hertz (Hz) (see 3.13);
Afe is the effective bandwidth, in Hertz (Hz) (see 5.3.2).

C(

If
th

Figure 1 in Reference [8]) by

DTE
mponents of the masking noise. These can generally be neglected.

3.4 Distinctness of a tone

ne distinctness of a tone depends on the bandwidth of the tone and its edge steepne
rresponding criteria are not satisfied then the tone is not audible to individirals with norma

a tone based on bandpass noise has a distinctness of 70 % relativeto,that of a sinusoidal t
e maximum permitted bandwidth AfR as a function of the tone freéquency fr is approxim

Afg =26,0(1,0Hz+0,001 f7 )

ne bandwidth of a tone with a frequency fr is derived from the number of spectral lin

Wi

T
FTrmula (8)], multiplied by the line spacing, Af.
First criterion: The bandwidth of the tone shall\not exceed the maximum permitted bandwi

y Formula (9).

cond criterion: The edge steepness shall’be at least 24 dB/octave.

his yields the level differences between the maximum narrow-band level of the tone, Lrpay
rrow-band levels of the first spéctral line below the tone L, /above the tone L, as follows:

he lower level difference ALjis given by Formula (10):

Ly =21 brmax ~Lusg qp
2 fT_fu
here

fu isthé frequency of the first spectral line below the tone, in Hertz (Hz);

fr \Vis the frequency of the maximum narrow-band level, in Hertz (Hz).

The individual levels of the spectral lines with tone energy [see Formula (8)] also cont:Jin energy

bs; if the
hearing.

one then
hted (see

9

bs K [see

ith given

, and the

(10)

Thevpper level difference ALg is given hy Formula (11):
L -L
ALy = fp—THaX_0 > 24 dB
o _fT
where

©

fo isthe frequency of the first spectral line above the tone, in Hertz (Hz);

fr is the frequency of the maximum narrow-band level, in Hertz (Hz).
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5.3.5 Determination of the critical band level, Lg, of the masking noise

The level Lg is given by Formula (12):

Lc =Lg {10@(2—?}}@ (12)

where

Ls isthe mean narrow-band level see 53 .2;

Afc 1Is the width of the critical band about the tone frequency, ft, in Hertz (Hz) (see 5.2);

Af s the line spacing (frequency resolution), in Hertz (Hz).

5.3.6 asking index
The masking index, ay, is given by Formula (13):

2,5
a, = —2—lg[1+(%) } dB (1B)

[ isthe frequency, in Hertz (Hz).

NOTE For information on the masking index, ay, see Annex€:

5.3.7 Determination of the audibility, AL

The audipility AL between the tone level Lt (se€<5:3.3) and the level of the masking threshold (see 3.1b)
is given iy Formula (14):

AL=[Ly-Lg-a,) (1#)

where

Lt 1is the tone level, in decibels (dB) (see 5.3.3);

Lg 1s the masking‘oise, in decibels (dB) (see 5.3.5);

ay s the masking index, in decibels (dB) (see 5.3.6).

NOTE Formula (14) holds correspondingly if all the parameters of that formula are given.

5.3.8 Determimation of thre decisive audibitity, ALj; of a marrow-bamd spectrum

To determine the audibility AL of a noise a number of narrow-band spectra (see Annex D), staggered in
time, of the noise with the same line width and same number of lines are used. The measurement time
for such a spectrum should be approximately 3 s. The decisive audibility AL; of an individual spectrum
is determined in the following four steps. For simplification purposes the run index j is not given.

10 © IS0 2016 - All rights reserved
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Step 1

Each spectral line, i, is investigated in ascending sequence to establish whether it represents a potential

to

ne. A narrow-band level is a potential tone if the following conditions are satisfied:

Li > Ll'+1 and Ll' > Li—l (15)
and

Li > LSi + 6dB (16)
NDTE1  Mean narrow-band level, Lsj, see 5.3.2.
Step 2
The tone levels, L1k, (see 5.3.3) of all the potential tones (run index k acrosstall potential [tones) is
d¢termined. The masking noises, Lgk (see 5.3.5), and the masking index, ayk {se€’5.3.6), are defermined
fogr the tone levels at which the condition of distinctness of a tone (sée<5.3.4) is satisfidd. These
parameters are used to calculate the corresponding audibilities, AL [see'6.3.7, Formula (14)].
If]ALk > 0, then a tone is present.
Step 3
Critical bands with the width Af;,, are formed about each efthese audible tones, Ly, (run index|m across
alll audible tones) of frequency frm.
Ifla number of tones are present in a critical band, then their tone levels, Lty » (run index n gcross all
tdnes in the critical band; H is the number) are sufiimed in terms of energy.

H 0,1Ly, . /dB

Ly, = [10 Ig (anl 10 ' Tmn ﬂ dB (17)
where

H is the total number of all tones in the critical band;

Ltm,n is the tone level with the run index m across all audible tones and the run index n gcross all

tones in the(ritical band, in decibels (dB).

It|is possible for the-energy of individual spectral lines to be assigned to a number of neighbourfing tones
af the same timé, Upon addition of the tone levels of neighbouring tones, the energy of these ijdividual
spectral lines may not be summed more than once.
The tone-frequency, ftm, is the frequency of the most pronounced tone, i.e. the tone with the greatest
auydibility, ALp p.
Themean narrow-bandlevel of the mncl(ing noiseisthatmean narrow-bandlevel thatwas caldulated in

the iterative procedure in 5.3.2 [see Formula (6)] from the lines about the tone with this tone frequency.

The level of the masking noise is the critical band level, LG, n, calculated with this mean narrow-band
level in accordance with 5.3.5.

This tone level, LTy, is used to recalculate the decisive audibility, ALk (see Step 2).

©

ISO 2016 - All rights reserved
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If exactly 2 tones with tone frequencies, fT1 and f12, appear in one critical band, then they are evaluated
separately if both tone frequencies lie below 1 000 Hz and the frequency difference, fp.

‘le _sz‘ (18)

f[):

where

fr1,fr2 <1000 Hz.

Formula

fo
where

50 H

fr i

NOTE 2
difference

Step 4
The audi

1,2[
=H21x10

16) exceeds the tollowing value (see Annex B}:

fo )]
T Z
lg[ 212 ﬂ
Hz (1

7. < fr<1000 Hz;
s the frequency of the more pronounced tone (the tone with the‘greater audibility, AL).

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

pility with the maximum value, ALy, is the decisive audibility, ALj, of the individual spectrum

5.3.9 Determination of the mean audibility AL ofa number of spectra

As given fin 5.3.8, the decisive audibility AL; is calculated for each narrow-band averaged spectrum (ryn
index j, ] |s the number). These ] audibilities, A%, are averaged in energy terms to yield a AL:
1 J 0,1AL /dB
= il j
AL 101g[] zj=110 dB (2p)
where
AL; [is the decisive audibility, in decibels (dB);
j is the run index;
] is themumber of spectra.
The tone|frequencies are the frequencies of the tones to which the audibilities are assigned. To ensufe
a suffici nt=dictanca from tha nacitivo avdihilitiac AT, for all cnactra 1n vwhich no tono 1c fonnd + he
et tattCe T Ot p oSty St oSS 7 =) To oo peut v N C ROt ontToToun el
following value is used for ALj:
ALj=-10dB (21)

No tone frequencies are stated for this ALj.

NOTE

12

The audibilities, AL; (and not the tone levels, Lt;), are averaged in energy terms since the tones in the
individual spectra have different tone frequencies, and thus, different masking index, ay [see Formula (13)] and
masking noises [see Formula (12)] have to be calculated.

© ISO 2016 - All rights reserved
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6 Calculation of the uncertainty of the audibility AL

The mean audibility, AL, between the tone level and the level of the masking threshold of a noise is
calculated using Formula (20) from the decisive audibilities, ALj, of the individual narrow-band spectra
(see 5.3.8 and 5.3.9):

AL, /d
AL=101gGZ’:11o°1ALJ/ Bde

A VJ,- is calculated fhrmlgh the use of Formula (14) and Formula (12)-

A,
AL]:LT,]_LS,]_]‘Olg Af dB_av,]

wiith the expressions of

Formula (8):

B K 0,1L; /dB Af
Ly = [10 Ig (Zizl 10 j +101g {FH dB

e

Formula (6):

_ 1M . 01L,/dB Af
Ls = llolg(ﬁziﬂlo ]+101g[FHdB

e

Formula (13):

2,5
a, = —2—lg{1+(wj ] dB
502

NOTE All frequencies are expressedin Hertz.

Af. .
Alnormal distribution withimthe level zone is to be assumed for the term 10 lg[ ‘) J .

Af

Np uncertainty is assumed for the masking index, ay,

The Lt values arederived through summation and the Ls j values through averaging of intepsities. It
is|therefore negéssary to assume a normal distribution of these values within the intensity fange. To
simplify the‘procedure, however, a normal distribution within the sound level range is asshmed for
all summands. Since, for the consideration of uncertainty, it is of interest to know the probpbility of
d¢termining a tonal audibility that is too low, and for the upper limit of the confidence interval the
cansideration in the level zone yields greater uncertainties than a corresponding consideration in the
intensity 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. Their emitted
output levels are uncorrelated in their statistical behaviour. The uncertainty consideration of Lt and
Ls is based only on the uncertainty of the level of the spectral lines involved. The question as to which
spectral lines contribute to Lt/Ls is neglected in the consideration of uncertainty herein.

© IS0 2016 - All rights reserved 13
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These assumptions are used to determine the uncertainty of the audibility, AL; using the Gaussian
uncertainty propagation principle:

2 2 2
EAL]. 5AL}. OAL ,

2 K M J
OAL, :Z-: ol +Z-: oy Tl =70, (22)
] i=1 5LTj . Tj,i i=1 5szi S]”j 5Afcj fcj

The three expressions above are determined in Formula (23) to Formula (25):

First expression:

0,1L dB
OAL| 10 Tj'l./
57 [ %L T o,
SLp|  "Tji K 0lLp /dB ~tr,
Jh 10 E
i=1
0,1Ly 2
K L
10 dB &
2 2121 LTji
OAL .
bl s | - o
T\ 0Ly, T 01l 2
Ji ALy
K I

z 10 dB
i=1
where K|is the number of all tone-containing narrow-band, levels that result in the tone level, L, [n

accordarnlce with 5.3.3 and 5.3.8.

If, in accordance with 5.3.8 Step 3, a number (N) of tene levels are summated then the sum of all tonje-
containing narrow-band levels in the affected critical band is to be used for K.

Second ekpression:

0,1L dB
OAL| 10 ’ Sj,i/
%L T 01l (/B O L
5szi Sj,i M , Sj,i/ Sj,i
i=1
2
M 0,1L; /dB
2% 10 gy
ul | OAL . i=1 S
j j,
2|5 - 2
iq1 5LS S

’ Ji M 0,1Lg /dB 2
< > o100
i=1

M is the 1|1umber of narrow-band levels that contribute to the formation of the mean narrow-band level
in the critical band in question.

Third expression:

OAL; ~ _434dB
saf, ey af, Y
j J
The uncertainty of the critical bandwidth Af. maximally corresponds to the line spacing Af No
uncertainty is assumed for this line spacing. It follows from this that

(25)

14 © IS0 2016 - All rights reserved
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GAij =Af
SAL ;

Loy =434 Y 4B
5Afcj €j Afcj

(26)

A uniform value of o ; =3dB is assumed for the uncertainty of all narrow-band levels. Formula (23) to

Formula (25) can be used to calculate the uncertainty, GAL], , of the audibility. ALj:

0,1L dB 2 0,1L dB 2
ZK TR ZM 10”0 2
i=1 i=1

Cy = + o, 2+|430-Y 4b
| A

AL,
J Kk 01Ly /dB z M 01L /dB 2 J o
> 100 > o100 )

i=1 i=1

The uncertainty of the mean audibility, AL, is given by Formula (28):

SAL 100-1AL, /dB

O O
SAL A I o1aL;/dB Al

PIPIRD

0,1ALj/dBJ2

T (zjzl 10

AL ~ I
Z}_ﬂm

see Formula (27).

0,1AL;/dB

For GALj

I is the number of narrow-band spectra.

The extended uncertainty is:

Uo, Uy = koay,

The coverage factor, k, for/a 90 % coverage probability in a bilateral confidence interval ha
of 1,645.

The experience also’shows that with fluctuating noise, one achieves an extended uncertainty
audibility, AL,.of about 1,5 dB with 12 averages.

NOTE To)ensure the above-mentioned uncertainty, it is necessary to have a minimum number
wijth an averaging time of approximately 3 s. The number of spectra necessary to achieve the above-1

flyctuating noises (e.g. wind turbines), the number of spectra necessary does not generally exceed 12.

(27)

(28)

(29)

s a value

U, of the

bf spectra
hentioned

urertainty will depend on the variability of the noises. Investigations have shown that even with strongly
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7 Recommendations on the presentation of results

7.1 Measurement

a) Date and place of measurement.

7.2 Acoustic environment

Description of the measurement environment with the position of the source and the measurement

[ —a SKetciT of the SurTounding ared, inciuding a physicat description of the mMeasurene
fonment.

emperature in degrees Celsius, air pressure in Pascal and relative air humidity.

Mean wind speed and direction.

special information, e.g. dominant sources, fluctuating sources.

struments for measurement, recording and evaluation
manufacturer.
bnation/model.

] number.

pustic data
spacing (see 3.13).
e investigated (see 3.21).

oise spectra for which a decisive audibility, AL; > 0, was calculated, the tone frequencies, ft;
tones and the corresponding audibilities, AL;j (see 5.3.8).

he averaged noise spectrum

he mean audibility, AL (see/5.3.9), and

2) fless than 12 spectrahave been averaged, the extended uncertainty (see Clause 6).

hged spectrufnwith the greatest AL.

hgrammatic representation of the narrow-band levels across the frequency of the 3-second

a) :
poin
envi

b) Airt

c)

d) Any

7.3 Ing

a) The

b) Desi

c) Serig

74 Ac

a) Line

b) Rang

c) Fory
of all

d) Fort
1)

e) Adi
aver
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Annex A
(informative)

Window effect and Picket fence effect

In the Fast Fourier Transform (FFT), the noise is determined in data blocks of block length N of the time
wlindow. N corresponds to the number of sampling values, e.g. 210 = 1 024.[5]

In| accordance with the definition of the Fourier integral, a pre-requirement of the FFT-analy{is is that
tHe time data set is periodic. An unchanged further processing of the data points, as with the uise of the
rg¢ctangular time window, will only lead to correct results with transient signalssahd signals that fit
exactly in the time window with a whole number of full periods. With stochasticnoises, it cdn lead to
sgvere distortions of the spectrum as the signal is cut off at the edges of the time window. To coynter this
“gmearing” of the frequency lines (leakage effect), the signal is multiplied bya weighting fung¢tion that
sdts the amplitude values to zero at the limits of the time window and thus overcomes discontihuities in
tHe signal course within the window. The weighting functions, w(t), are as follows:

— for the rectangular window: w(t) = 1 for 0 < t < T and w(t) = 0:for all other values of t;
— for the Hanning window: w(t) = 1 - cos(2mt/T) for 0 < t&[*and w(t) = 0 for all other valuef of t.
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
chosen (weighting function), the bands of the individual filters are superimposed to varying degrees
cgrresponding to the edge steepness; the resultant so-called “effective bandwidth”, Afe, with the
Hpnning window is 1,5 times the frequency’resolution, Af. This means that each frequency band
aﬁ:ways has energy components of therneighbouring bands (where present). Power corhponents

are therefore counted more than once in the summation process. Because of the leakage effect (see
above) for determination of the level with the Hanning window, it is necessary to add at lepst three
lines. These influences are taken_into consideration through a correction value in the summation
process (number of lines > 1) in the frequency analyzer. With the Hanning window, this| value is
101g (1/1,5) dB = -1,76 dB. Jfthe level addition is simulated in a program, then this correction yalue has
td be taken into consideration in the computing program — both in the derivation of the tone|level and
inf the calculation of the-masking noise.

If|a noise is analysed”with discrete filters, then it is as if viewed through a lattice fence, Hence the
expression “picketfence effect”. The analysis of individual tones provokes different amplifude and
friequency errofs (see Figure A.1), depending on the correspondence of the analysis frequency df the FFT
spectrum avith the frequency of the individual tone. With the Hanning window, this amplityde error,
AL, lies between 0 dB (if both frequencies correspond exactly) and 1,42 dB, if the analysis ffrequency
fallls exactly between two lines. As the two following examples show, this error is corrected through
symmation 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, ft, forms the tone level, L1, 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 analyzer
value is 0 dB; the following values result.

© IS0 2016 - All rights reserved 17
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Level of the tone frequency (original and analyzer value): 80 dB
The level of the two lateral lines in the analyzer (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.

EXAMPLI—‘ o] sl RPN'S £ N 4] 1) Lot 4 1 P H
oz TITCTUITCTIT CUCTIC y TICS CAAUTTy IO vwwad y OCTVWCTIT CVWU—aTTdTy STS TT T OTTTCTC ST

As shown in Figure A.1 b), middle, the maximum level is divided into two lateral levels with a differenfe
A =0dB.[The difference AL between the (measured) original level of the tone frequency and the‘analyzpr
value is 1,42 dB. The following values result.

Original |evel of the tone frequency distributed over four lateral lines: 80 dB
Of which|the two highest (80 dB - 1,42 dB): 78;58
Level suih of the two lateral lines without correction: 81,59 dB
Hanning[correction, 10 Ig (1/1,5): -1,76 dB

The result of the level sum with correction corresponds approximately to the level of the tone frequendy.
Figure All is derived from Reference [5] and a brief explanation:is given below.

Figure All a) shows three different cases (from left to right):

— the @nalysis frequency corresponds to the tone freguency;

— the tpne frequency (indicated by the dashed line) lies midway between two analysis frequencies;
— the tpne frequency (indicated by the dashed line) lies displaced towards the analysis frequency.

The designation B is identical to the line'spacing, Af (see 3.13), of this Publicly Available Specification.
In Figurg A.1 a), Af represents the difference between the tone frequency and the analysis frequency:

a) inthp first case: Af=0;
b) in the second case: Af=0,5% B;
c) inthp third case: 0&4f< 0,5 x B.

18 © IS0 2016 - All rights reserved
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Al difference betweernthereal narrow-band level with the tone frequency, f1, and the level of the direct lateral band

A difference between the tone frequency and the analysis frequency, in Hertz (Hz)

with the greaterof'the two levels, in decibels (dB)

Figure*A — Frequency correction and level correction for the Picket fence effect usipng 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

At a freqluency below 1 000 Hz, if there are several tones in a critical band, the human ear is ableto
distinguish between differences in the tone frequencies that are lower than the half width of the'critidal

band. If the critical band has two or more tones, then the ear can detect differences as shew1’by the

points orfdashed lines in Figure B.1.
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Figure B.1 — Frequency differences between the tones of complex noises that the human ear
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Two tones of tone frequencies, fr1 and ft7, are evaluated separately if both tone frequencies lie below

1

w

000 Hz and the frequency difference, fp:
fp = ‘fn _sz‘
here

fr1, fr2 <1000 Hz.

(B.1)

W]

W

FérmulaT B.1) exceeds the 1ollowing value:

fT/Hz
lg[ 212 J

Ts
Hz

1,2{
f =21x10

here

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

this Publicly Available Specification, the critical band is\modelled as an ideal rectangy
ith a mid-frequency, fr (tone frequency), the lower correr frequency, f1, and the upps
equency, f2, with these two corner frequencies havingageometric position to the tone frequ
pferences [1],[2]; all frequencies in Hertz (Hz)].

fr=fif2

fa-fi=4f
ith the quadratic supplement, it follows from Formula (B.3) and Formula (B.4):
2
o N, (8fc) +4ff
172 2
fa=f1+4f

(B.2)

lar filter
r corner
ency [see

(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.[3]

The masking threshold, L, is that sound pressure level of a sinusoidal test tone that is required fer it fo

be just pe¢rceivable in the presence of a masking noise (critical band level, Lg). The masking-thréshold|is
determirfed in repeated tests in which a group of subjects with normal hearing can justperceive the
tone in 5P % of the cases.

The masking index, a, = L7 —Lg, is the difference between the level of the test tone,L7, and the critidal

band levgl, Lg. At low frequencies, the masking index has a value of approximately -2 dB. Above|a
transitioh range between 0,2 kHz and 1 kHz, it falls at a constant logarithmicrate to -6 dB at 20 kHz.

0
as
-2
av \\\
T —
-6 \_
20 50 100 200 500 1000 2000 5000 Hz 20000

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

The masking index, ay, is given by Formula/{C.1):
2,5
f/Hz\”
a,=ft-2-1g| 1+| —/—— dB Cl
v g[ ( =02 (oY

[ listhe frequeficy, in Hertz (Hz).
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Annex D
(informative)

Iterative method for the determination of the audibility, AL

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

Start

: 1

Determine the number of usable ;
spectral lines Determine L; and calculate
p l AL=Ly-Lg-a,
Read in the frequencies and
determine the masking index a, no
l AL>07?
Determine the line width yes

v

Determine the indices of
frequency group start and end for
all spectral lines, and also
determine the upper limit of the
analysis range

v

Determine the number of spectra J

Flag the maximum AL of the
spectrum and calculate the
variable for determination of the
uncertainty

End of the analysis
range ?

Group a number of tones together
in one critical band, calculate
auxiliary variables for
i determination of the uncertainty

(detailed diagram 3)

Read in the spectrum and carry
out A-weightingas necessary

For all'spectral lines, calculate the
meanriarrow-band level Lg and

calculate auxiliary variables to v
determine the uncertainty Flag the maximum AL of the
(detailed diagram 1) spectrum
g Number of spectra
aRatyzed-2
For the first/next spectral line
(frequency f;) calculate the tone l yes
level Ly and the auxiliary
variables for the determination of Calculate the mean AL from the
uncertainty and check maximum AL of the individual
distinctness spectra and the total uncertainty
(detailed diagram 2)

End

Figure D.1 — Iterative method

© IS0 2016 - All rights reserved 23


https://standardsiso.com/api/?name=6bfb81c071b462e186c9462267ae319a

ISO/PAS 20065:2016(E)

Detailed diagram 1

The mean narrow-band level, Ls, and auxiliary quantities to determine the uncertainty are calculated

for all spectral lines (see Figure D.2).

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

Have at

N

A

For the first/next frequency f; in
the analysis range, derive the
narrow-band level Lgas the
averaged level across all lines of
the frequency group, except for
the spectral line for the frequency
frunder consideration

(= preceding value)

least 5 spectral lines
been included above and
5 spectral lines below

no

Lg(fy) = value and auxiliary
variables

Y

Derive the narrow-band level Lg
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 thathave a
level > preceding value
+ 6 dB (= value)

value # preceding
value and have atleast 5
spectral lines beén included
above and 5-spectral lines
below the f;?

y
Ls(f7) = preceding value

Calculate auxiliary variables to
determine uncertainty

ne End of analysis

Preceding value = value

range?

L End of detailed diagram 1 J

Figure D.2 — Detailed diagram 1
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Detailed diagram 2

The tone level, L1, and the auxiliary quantities to determine the uncertainty is calculated for the
first/next spectral line of frequency, ft. In addition, the tone is checked for distinctness (see Figure D.3).

Detailed diagram 2

[For the first/next spectral line
(frequency f;),calculate the tone
level L; and auxiliary variables to
determine uncertainty and check

distinctness] Is the

level at the next
lowest frequency > L(f7)
+ 6 dB and > the level
(f,) - 10 dB?

[s the level at f; a relative
maximum? Add the level and caleulate the

lower edge steepness

}

Continue tone search at the next
highest frequency

level at the next
highest frequency > Lg(f;)
+ 6 dB and > the level
(fy) -10dB?

A
Maximum = f;

Add the level and calculate the
upper edge frequency

|
r

Calculate the bandwidth of the
tone

Is the level at the
next highest frequency>.Lg
(maximum) + 6 dB?

no

[s'the level at the next
highest frequency > level
(maximum)?

yes

Is the tone
distinctat f7?

Maximum = next highest f Setfy = fr
frequency I

|
] :

Flag the frequency f7, as the v

search for further tones is ( End of detailed diagram 2 J
continued from here

|

Figure D.3 — Detailed diagram 2

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).
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Detailed diagram 3
(Group a number of tones in one
frequency group together,
calculate auxiliary variables for
determination of uncertainty and
flag the maximum AL of the

}

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

)

spectrum)
/L no Is the lower
W limit of the frequency group
\r/ raachad?

Isatone
present at the highest/next
frequency of the
analysis range?

yes

Continue search at the next
lowest frequency

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

no

Flag spectral lines that belohg:\to
the starting tone or-the
additionally found‘tone

Is the upper limit
of the'frequency group
reached?

no

Is at least one
second tone present?

yes

Are more than
two tones present?

Can they be
separated in accordance
with 5.3.8?

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 a further tone
present in the frequency group
below the frequency of the
starting tone?

no

ne [s the lower end of

the analysis range
reached?

[ End of detailed diagram 3 }

Figure D.4 — Detailed diagram 3
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