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Foreword

ISO (the Inte

rnational 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 1SO
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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 20906 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting~-Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 43, Acoustics{Subcommittee SC 1, Noise.
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Introduction

This International Standard specifies requirements for reliable measurements of aircraft sound.

This International Standard describes a threshold system of sound event recognition in a complex sound
situation with multiple aircraft and other sound sources. A much more complex and sophisticated system may
be needed to separate the aircraft sound events from each other and from other sound squrces. Such
methpds — which may include radar location of sources, the addition of flight information systéns, directional
micrgphones, and other methods such as distribution of specific and residual sound or pattern recognition —
are npt described in this International Standard.

For political reasons, it is often necessary to install sound monitors in acoustically unsuitable placgs. For these
situafions, the operator of the sound-monitoring system should be aware of a petentially substantial increase
of uncertainty in the results, as discussed in Annex B. In extreme situations, the Uncertainty may become so
large|as to make an aircraft sound measurement meaningless.

Sound monitors installed in areas with usually low aircraft sound may be’ deployed to documen{ noise levels
wherg potential future airport operations might be considered: such,sound monitors have to show that there is
normilly only low aircraft sound and hence no measured aircraft’sound events — except in| the case of
extraprdinary circumstances when an aircraft flies close to theisound monitor. Such sound mornjitors may be
politi¢ally necessary.

© 1SO 2009 — All rights reserved \"


https://standardsiso.com/api/?name=c958d460410c523a7b94f0a9603c4d07



https://standardsiso.com/api/?name=c958d460410c523a7b94f0a9603c4d07

INTERNATIONAL STANDARD 1ISO 20906:2009(E)

Acoustics — Unattended monitoring of aircraft sound in the
vicinity of airports

1 cope

This |nternational Standard specifies:
a) e typical application for a permanently installed sound-monitoring system around-an airport
b) performance specifications for instruments, and requirements for their, unattended installation and
operation, so as to determine continuously monitored sound pressure_levels of aircraft sound at selected
Ipcations;

c) requirements for monitoring the sound of aircraft operations fram\an airport;

d) nequirements for the quantities to be determined to describe\the sound of aircraft operations;

e) rnequirements for data to be reported and frequency of.publication of reports;

f) @ procedure for determining the expanded ,uncertainty of the reported data in accgrdance with
[SO/IEC Guide 98-3.

This |nternational Standard does not provide
— @ method for confirming or validating predicted sound contours;
— & method for determining, validating or confirming aircraft noise certification data;

— I}method for describing. the sound generated by aircraft while on the ground (inclyding ground
ovements and theZuse of auxiliary power units), except while on the runway after start of roll for
departures and between touchdown and leaving the runway for arrivals.

2 ormative references

The [following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

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

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories
ISO 80000-8, Quantities and units — Part 8: Acoustics

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM: 1995)

IEC 60942, Electroacoustics — Sound calibrators

© 1SO 2009 — All rights reserved 1
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IEC 61672-1:

IEC 61672-3,

3 Terms

2002, Electroacoustics — Sound level meters — Part 1: Specifications

Electroacoustics — Sound level meters — Part 3: Periodic tests

and definitions

For the purposes of this document, the terms and definitions given in 1ISO 80000-8, IEC 61672-1 and the
following apply.

3.1

aircraft operation

(acoustics)

detection of the sound as an aircraft sound event

3.1.1
departure
(aircraft aco
sound can N
becomes ind

31.2
approach

(aircraft acolistics) movement of an aircraft from when the sound can_be distinguished above the res

sound to the
above the re

3.2
sound moni
(acoustics) i

continuous njeasurements of the sound produced by, aircraft flying over or near the microphone

3.3

sound-monitoring system

entire autom
monitors, the

3.4
equivalent ¢
time-averagg

Lp,eq,T

ten times the
during a stat
Do, €xpresse

tor

ovement (apart from taxiing) of an aircraft over or near to a sound monitor that can re§

stics) movement of an aircraft from the start of roll on take-off or from-the’ moment whe
e distinguished above the residual sound (whichever is the last to eceur) to when the 3
stinguishable above the residual sound

exit from the runway after landing or to the moment when'the sound becomes indistinguis
sidual sound (whichever is the first to occur)

hstruments and sound measuring equipment installed at a specified site for automatiq

atic continuously operating system deployed in the vicinity of an airport, including all s
central station and all software and hardware involved in its operation

ontinuous sound pressure level
d sound pressurelevel

logarithm-tethe base 10 of the ratio of the time average of the square of the sound pressy
ed time _interval of duration, T (starting at 74 and ending at 1,), to the square of a reference
J in deeibels

ult in

h the
ound

idual
hable

and

ound

re, p,
alue,

Lp,eq,T = 10|g

T 2
= [ PP
“
dB
rb

where the reference value, pg, is 20 yPa

(1)
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NOTE 1 Because of practical limitations of the measuring instruments, p? is always understood to denote the square of
a frequency-weighted and frequency-band-limited sound pressure. If a specific frequency weighting as specified in
IEC 61672-1 and/or specific frequency bands are applied, this should be indicated by appropriate subscripts, e.g.
L, Aoct,10 s denotes the A-weighted time-averaged octave-band sound pressure level over 10 s.

NOTE2  L,eqr Can be interpreted as the sound pressure level of a stable and permanent sound that has the same

average energy as the sound under study.
NOTE 3  Adapted from ISO/TR 25417:2007 ('], 2.3.

NOTE4 L, qqris mostly used in the following two applications: a) a series of L, oo . €ach averaged over a short time
interval (typically 1 s, then called “one second equivalent continuous sound pressure level, L, ¢q 1 5", Often abbreviated as
“shor{Tq )0 describe the fevel-time history of tme-varying sound, and b SINgie 7, o5 7, averaged over 1png times (e.g.
1 h onjlonger) to describe the overall (average) sound situation.

3.5
maximum one second equivalent continuous sound pressure level
Lp,eq,1 s,max,T

maximum of the equivalent continuous sound pressure level averaged over thé [time interval of 1 s within a
statefl time interval T

3.6
AS-weighted sound pressure level
Ly as|?)
ten times the logarithm to the base 10 of the ratio of the square ‘of the sound pressure, p, to the square of a
refergnce value, p,, expressed in decibels and measured with. the frequency weighting A and tim¢ weighting S
(slow)) where the reference value, p, is 20 yPa

NOTH 1 For details see IEC 61672-1.
NOTH2  Adapted from ISO/TR 25417:2007 [1], 2.2.

3.7
maximum AS-weighted sound pressure'level

Lp,AS max
maximum of the AS-weighted sound:pressure level within a stated time interval

3.8
N % exceedance level
N per cent exceedance level

L
‘0, AS|N,T
AS-weighted sound)pressure level that is exceeded for N % of the time interval, 7, considered

EXAMPLE L} s 95,1 h is the AS-weighted sound pressure level exceeded for 95 % of 1 h.

NOTH Adapted from ISO 1996-1:2003, 3.1.3.

3.9
aircraft sound event
data set of acoustical descriptors adequately describing a sound event produced by a single aircraft operation

NOTE Depending on the context, the words, “aircraft event” and “single event” mean an aircraft sound event.
3.10

threshold level

Lihreshold

any suitable user-defined sound pressure level used to optimize reliable event detection

NOTE This threshold level is different from the term to be used for calculating the exposure level.

© 1SO 2009 — All rights reserved 3
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3.11

sound exposure

Er

integral of the square of the sound pressure, p, over a stated time interval or event of duration T (starting at ¢,

and ending a

te,)

12
Ey = J.pz(l‘) dt

14

The sound exposure is expressed in pascal squared seconds.

)

NOTE 1
NOTE 2  Be
a frequency-y
IEC 61672-1 i
over 1 h.
NOTE3 W,

without subsciipt.

[ISO/TR 254

3.12

sound expogure level

Lgr
ten times th
expressed in

LE,T =1

where the re

NOTE 1 If
subscripts, e.g

NOTE2 W,
used without fi

[ISO/TR 254

3.13 Soung

See Figure 1|

cause of practical limitations of the measuring instruments, p? is always understood to denote the-sqij
eighted and frequency-band-limited sound pressure. If a specific frequency weighting as (Specif
5 applied, this is indicated by an appropriate subscript, e.g. Ep 1 denotes the A-weighted sound ex

hen applied to a single event, the quantity is called “single event sound exposure” andithe symbol E ig

17:2007 [1], 2.6]

decibels

0Ig2T 4B
Ey

erence value, Eg, is (20 pPa)?2 s =4 x10°10 PaZ s

a specific frequency weighting as ‘specified in IEC 61672-1 is applied, this is indicated by apprd
. Lg a1 p denotes the A-weightedisound exposure level over 1 h.

hen applied to a single event,-the quantity is called “single event sound exposure level” and the symbqg
Lirther subscript.

17:2007 [1], 2.7]

designations

are of
ed in
osure

used

e logarithm to the base 10 of the ratio of the sound “exposure, E;, to a reference valug, E,

®)

priate

| Lgis

3.13.1

total sound

totally encompassing sound in a given situation at a given position and at a given time, usually composed of
sound from many sources near and far

NOTE

3.13.2

Adapted from ISO 1996-1:2003, 3.4.1.

specific sound
component of the total sound that can be specifically identified and which is associated with a specific source

[1SO 1996-1:

2003, 3.4.2]
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Key

1 tqtal sound
2
3 specific sound B

becific sound A

n

NOTH 1 The lowest residual level is obtained when all specific sounds are suppressed.
NOTH 2 In a) the dotted area (5)/indicates the residual sound when sounds A, B and C are suppressed.
NOTH 3  In b) the residual seund includes the specific sound C since it is not under consideration.

NOTH 4  Conceptually these specific sounds can be quite different from each other and distinct from f{
practice, however, it isToften difficult to completely separate and measure one specific sound without ar]
specific sounds or afny-of the residual included, and, similarly, it is often difficult to measure the residual sou

specific sounds included.

3.13.B

4  specific sound C
5 residual sound

Figure 1 — Total, specific and residual sound designations

b) Two specific sounds A and B under consideration, the residual sound and the total sotind

ne residual. In
y of the other
hd without any

residual-sound

total sound remaining at a given position in a given situation when the specific sounds under consideration are

suppressed

[1SO 1996-1:2003, 3.4.3]

3.13.4
background sound

Lp,AS,res,T

indicator of residual sound

NOTE 1 Background sound may be estimated by the 95 % exceedance level of total sound (Lp,As,gs) (see 4.3.3).

NOTE2  Some countries use L, o5 g9 OF L, ag o9 iNstead of L, g o5 as the indicator of background sound.

© 1SO 2009 — All rights reserved
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3.14 Terms used for data processing

See Figure 2.

Non-acoustical
data

Continuous Event Event Event
mesurement detection classification identification

L,(1) Sound event Probable aircraft |dentified-aircraft
sound event sound event

Figure 2 — Terms used for data processing

3.14.1
continuous sound measurement
uninterrupted measurement of a sound level meter (or equivalent instrument)

NOTE THis measurement provides the continuous time-varying seund pressure level, Lp(t).

3.14.2
event detection
extraction of [discrete sound events based on acoustical criteria

3.14.3

sound even
data set confaining at least the sound expaosure level, the maximum sound pressure level, the duration ¢f the
event, and altime stamp

NOTE 1 Tq allow proper classification) the event can contain much more additional information.
NOTE 2 Fqr the maximum shortterm equivalent continuous sound pressure level, see 3.5.

3.14.4
event classification

classification|of sound“events based primarily on acoustical knowledge

NOTE 1 Sqund events can be classified into “aircraft sound events” or a “non-aircraft sound events”.

NOTE 2 Depending on the implementation, event detection and event classification can be combined in one stage.

3.14.5
non-acoustical data
(acoustics) additional information on aircraft movements

EXAMPLE Operational information from the airport or information from systems that report aircraft position.
3.14.6
event identification

procedure for use of non-acoustical data to confirm the probable relationship of a sound event to a specific
aircraft operation

6 © 1SO 2009 — All rights reserved
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7

identified aircraft sound event
aircraft sound event that is positively related to a specific aircraft operation

NOTE

and route.

4 Data acquisition

41

Instruments and equipment

The data set of the identified aircraft sound event can include operational information like aircraft type, runway,

411

For

General

onitoring of aircraft sound, each measurement channel of the complete autemated so

arranged as for normal use, shall conform to the electroacoustical performance specifications of
for afclass 1 sound level meter. The sound monitor shall provide measurements-of-A-weighted n
quanfities. The frequency weighting shall conform to the specifications forresponse to plane
soungl waves incident on the microphone from a reference direction represgnting normal (i.e. 0°)

to th
provi

For t
take

NOTH
the in

NOTH

4.1.2

The
windg
shall
other
dista

If for
be dqg

diaphragm of a microphone. This choice of reference direction shall be stated in the instry
Hed by the manufacturer or supplier of the sound monitor.

he purposes of this International Standard, a display need nep’bé available at the sound mor
he form of a printed copy or other display method at the central station or elsewhere.

1
truction manual, see Clause 8.

2 Optional one-third-octave band spectral sound-measurements can be obtained.

Microphone assembly
bntire microphone assembly as used in normal operation (e.g. microphone, preamplifier, ra
creen, microphone device support, anti-bird devices, lightning conductor, and any calibr|
fulfil the following requirements: the lightning conductor shall be at least 0,5 m from the mi

nt from the microphone-support mast.

practical reasonshis-arrangement is not possible, then the effects on the measurement ung
cumented.

Microphone windscreen

und monitor,
IEC 61672-1
neasurement

progressive
incidence on
ction manual

itor, but may

For the additional requirement on extended temperature range, see 4.9.2, and for requirements concerning

n protection,
ption device)
crophone; all

devices (e.g. anemometer)-shall be at least 1 m below the microphone and at least 1,5 m horizontally

ertainty shall

bll ,sound measurements, a suitable windscreen shall be installed around each mic
creen and its mounting are considered, for the purposes of this International Standard,

sound monitor assembled as recommended by the manufacturer or supplier. The results of this test shall be
stated in the instruction manual. The A-weighted one-minute equivalent continuous sound pressure level
resulting from wind sound with a wind speed of 10 m/s shall not exceed 65 dB.

4.2

4.21

Microphone mounting

Sound-monitoring site selection

Sites for unattended measuring microphones shall be chosen to minimize the effect of residual sound (e.g.

from

©1S0

non-aircraft sound sources).
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There are always some quiet aircraft types that cannot be measured reliably because of residual sound. To
provide reliable event detection using a technique based on sound level discrimination only, sites should be
selected such that the maximum sound pressure level of the quietest aircraft to be detected is at least 15 dB
greater than the residual long-term-average sound pressure level. For details, see Annex A.

NOTE Typical sources of residual sound can be main roads, factories, air-conditioning equipment, pumps, trees that
rustle in the wind and attract birds, and metal roofs during rain or hail.

4.2.2 Requirements for site selection

Figure 3 shows a typical situation of a straight flight path and a microphone position. The shortest distance, s,
(usually callgd—stant—distance*)is—perpendicutar—to—the—flight-path—At-distance;——the—aircraftgenerates a
specific sourjd pressure level. When the aircraft is at a distance 3s, the level of sound decreases by:at|least
10 dB due tp spherical spreading. Therefore it is possible to identify that portion of the flight“path that
contributes t¢ the levels of sound above (L, Ag max — 10 dB) or (L, A ¢q 1 s max — 10 dB). In Figure-3,the angles
bounded by § and the two lines 3s correspond to about 70° on each side of 5. Hence, the following procg¢dure
applies to degcribe the sector seen from the microphone of the sound monitor that should bé-free of obstacles.

/

/

Key
s slant distgnce

B elevation angle of aircraft relative to ground plane
o line-of-signt angle

—_

flight path
sound monitor

N

Figure 3 — Example for lines of sight to be free of obstructions from the flight path
to the sound monitor for the most important fraction of the flight path

First, determine the corridor in the sky which includes the greatest portion of all the flight paths of the aircraft
movements to be monitored. If the sound monitor is intended to record events from several flight paths, repeat
the procedure for each of the corresponding corridors. Then, looking from the microphone position at that
corridor, imagine flight paths at the border of the corridor, which represent the extreme geometric conditions,
e.g. the flight path with the lowest and the flight path with the highest elevation angle, 8. For each of those
flight paths, determine the line of sight from the microphone to the closest point on the flight path (the slant
distance s) and identify the points on the flight paths a distance 3s away. For a straight flight path, this
corresponds to a line-of-sight angle, @, of about 70° on both sides of the slant distance.

8 © 1SO 2009 — All rights reserved
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NOTE 1 The estimation of the sector of twice 70° only considers spherical spreading. It represents an upper limit. In
reality, the effects of atmospheric absorption and directivity influence the measured sound levels in such a way that the
levels observed during the 10 dB down time, #4g, occur typically at angles around 60° (aircraft approaching) and at angles
around 50° (aircraft departing).

Lines of sight from the sound monitor to those end points on the flight path define a sector which, to provide

minimum uncertainty in the sound level measurements, should be free from acoustically relevant obstacles.

NOTE 2

For political and/or practical reasons, sound-monitoring sites are often pre-determined and sometimes may

not conform fully to the requirement described above. In such cases, the user accepts that a greater uncertainty is
associated with sound measurements at such sites.

4.2.3

Minin
for th
of th
aircra
posit
other

As a
10m

Reflecting surfaces other than the ground

nize the influence of reflections from surfaces other than the ground by selecting thefapprop
e microphone. In 4.2.2, the relevant segments of the various flight paths are identified. For t
b optimal microphone position, it may be assumed that sound propagates an.straight p3
ft to the microphone and that large reflecting surfaces behave like mirrors.” Select the
on so that sound emitted from any aircraft position on the relevant segments”’and reflected
than the ground does not reach the microphone.

away from the microphone, in order to provide minimum uncertainty in the sound level meas

riate position
he evaluation
ths from the

microphone
by a surface

minimum requirement, all acoustically relevant reflecting surfaces ather than the ground shall be at least

urements.

NOTE Guidance on the effect on uncertainty of non-ideal monitoring situations is given in Annex B.
4.2.4( Microphone height
The standard microphone height shall be at least 6;m" above ground. To minimize interferencg effects with

ground reflections, microphone heights higher than,6-m are recommended, up to a height of 10 m.

NOTH
influe
bypag
micro|

NOTH
sensi
the el
and d
micro|

NOTH

4.3

1 If lower microphone heights (e.g. 4 m)“are used, the greater likelihood of ground interferen
nce measurements of aircraft sound with(dominant low frequency spectra, such as aircraft with pro
s ratio jet engines. If spectral infofmation is processed, ground interference effects can be (
bhones located at low heights.

2 Microphones mounted (on roofs (i.e. mounted over a hard surface of limited extent) can
ive to the interference effects jof the sound reflected from the hard surface. The measured sound lev
evation angle of the direct\sound rays arriving at the microphone, the extent and inclination of the rg
n the spectrum, which~depends on the engine type, aircraft operation and distance, as well as
bhone is to the edgé-efthe roof.

3  Guidance on the effect on uncertainty of non-ideal monitoring situations is given in Annex B.

Preferred measured quantities

4.31

e effects can
bellers or low-
etrimental for

be particularly
el depends on
flecting plane,
how close the

Continuous levels

The sound monitor shall measure continuously and shall display on demand the A-weighted sound pressure
levels of the total sound in the form of time-series of 1 s or less equivalent continuous sound pressure levels
and in the form of the AS-weighted sound pressure level.

4.3.2 Levels per sound event

A sound event is characterized by the sound exposure level, Ly 5, and the maximum sound pressure level,

L, s max OF Ly, A eq,1 s,max (for details and additional requirements, see 5.3).
NOTE 1 In certain circumstances, only the part of a sound event above any sound monitor threshold level is described

as the “event”.

© 1SO 2009 — All rights reserved
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NOTE 2  Not every audible aircraft sound is necessarily distinguishable as a sound event from the recorded sound
levels.

The calculation of the sound exposure level of a sound event shall be performed with a resolution of 0,1 dB or
better. This resolution does not imply that the measurement of sound exposure level has an uncertainty of
only 0,1 dB. Any final readings of sound exposure level are not measurements but are normally computations
made by the sound monitor using the basic sound exposure measurements.

4.3.3 N % exceedance levels

If exceedance levels are calculated, the time interval and the method for calculating the N % exceedance
levels shall bectearty-stated-inthe-instructionmanuat-(seeClause 8-

A minimum $ampling rate of the AS-weighted sound pressure level of eight per second is recomfendgd for
minimum ung¢ertainty.

NOTE Af] the time of publication, there are no International Standards for the procedures to calculate exceeflance
levels.
4.4 Time stamp

A sound-mohitoring system for aircraft sound shall contain a reliable clock<{or identification of the dat¢ and
time of day fpr each measurement of sound events and related phenomena, Clock time shall be within 2 s of
actual time of day at all times. In case of power loss, clock operation shalkcontinue within these specifications
or it shall stgp until reset. A clear indication of interruption of time-keeping shall be given. If there are miiltiple
clocks in thg¢ sound-monitoring system, they shall not vary from, each other by more than 2 s. Thel| time
resolution fol any clock shall be 1 s or better.

in local time. The sound-monitoring system-shall provide a means to automatically account for

Coordinated |Universal Time (UTC) and changes from loeal standard time to local summer (daylight sgving)
time, and vicg versa.

4.5 Aircrgft sound event detection and¢classification
An automati¢ sound-monitoring system shall reliably and precisely detect and classify aircraft sound events. A
variety of teghniques can be used to detect the aircraft sound events depending on the situation. It may be
necessary toluse different techniques for different periods of the day.

The chosen fechnique shall classify the aircraft sound events precisely enough to satisfy the following [three
criteria.

a) The exppnded uncertainty (see Clause 6) of the measured cumulated exposure level of all aircraft ound
events ghall not exceed 3 dB.

b) Atleast p0-%.0f true aircraft sound events shall be correctly classified as aircraft sound events.

c) The number of non-aircraft sound events which are incorrectly classified as aircraft sound events shall be
less than 50 % of the true number of aircraft sound events.

To assess criteria b) and c) above, true aircraft sound event classification is obtained by manually identifying
their individual time of occurrence (not using radar data), and the respective sound exposure level from either
in situ observations or recordings. The test period shall include at least 20 aircraft sound events of the same
type of aircraft operation each of which produces an AS-weighted sound pressure level that is at least 5 dB
above the level of the background sound.

NOTE If the sound monitor incorporates the event identification stage (see 3.14), as is sometimes the case for sound
monitors, the resulting “error rate” is considerably less than the figures given in a) to c) above.
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4.6 Measurement range

The sound pressure level range of the sound monitor shall be at least from 30 dB to 120 dB. The linear
operating range shall be at least 60 dB at 1 kHz. Sound pressure levels and sound events which were
measured while an overload occurred in the instrument shall be marked.

If the lower boundary of the linear measurement range of the sound monitor is not less than the lowest actual
sound pressure levels at the site or the upper boundary is not greater than the highest actual sound pressure
levels at the site, there are significant additional uncertainties of measurement. To avoid these added
uncertainties, the linear operating range of the sound monitor should be greater than the difference between
the highest and lowest sound pressure levels at the site.

4.7 | Transmission of data

4.7.1] General
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It is inportant that each individual sound monitor be.Separately identified in each data transmissig

4.7.2

If the
one (¢

be transmitted. Data types may be'concatenated and transmitted together. The manufacturer or

smission of data from the various sound monitors to a central station may be\by any appro
ink and may be either continuous or intermittent. The transmission hardware and software
resolution of 0,1 dB or better in all sound pressure level data and for appropriate validity ¢
mitted data. Provision shall be made for indicating calibration status™and specific periods
bd by memory overflow, power loss or equipment malfunction. Invalid sound pressure leve
ow or underflow of the measurement range shall be marked.~-Data transmission shall not
tainty of the sound measurement.

no method of data error checking is specified in this International Standard, the method

sound-monitoring system shall be clearly described by the manufacturer or supplier in th
al.

Data types

data are transmitted intermittently_ih batch form, each acoustic data transmission shall ing
f the following data sets. The data specified in each set are a minimum requirement; additiq

priate type of
shall provide
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increase the

employed by
e instruction

>

lude at least
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supply exact details of the data-transmitted, as follows.

a) [or each sound event:The A-weighted sound exposure level, Lg p ;» the maximum sound pressure level
Ly AS,max,i ANA/ONCLyA oq 1 s max): @ time stamp (either the start time of each event or time gf occurrence
fpthe maximum YSound pressure level) and the actual sound pressure level of the event detection

reshold Ly, s¢noiq- if relevant.

b) The time-history sequence of the sound pressure levels of the aircraft sound events.

The format and content of non-acoustical data is not specified by this International Standard.

Statistical data (e.g. N % exceedence levels) on the total sound together with the start and end time of each

data

4.8

4.81

period should be transmitted from the sound monitor.
Acoustical calibration and verification

Acoustical calibration

Means shall be provided to apply an acoustical calibration signal by a sound calibrator to each microphone to
check the acoustical sensitivity of the measurement system. The calibration signal shall be a sinusoidal tone
in the range 250 Hz to 1 000 Hz. The sound pressure level of the tone shall be in the range 90 dB to 125 dB.
A coupler or other means may be provided to exclude ambient sound during calibration. Also, means shall be
provided at the microphone site to read out the data corresponding to the calibration level and to adjust the
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latter as necessary to the sound pressure level in the cavity of the coupler at the time of checking the
sensitivity. The calibrator used shall conform to the requirements of IEC 60942 for a class 1 instrument, and
shall be calibrated by an accredited or otherwise nationally recognized laboratory at least once every
12 months.

Such an acoustical calibration shall be performed for each sound monitor at least once per year. More
frequent calibrations (e.g. quarterly) are recommended.

The pure tone used for calibration should have a nominal frequency of 1 000 Hz. If the sound monitor has an
optional C or Z frequency weighting, then that may be used to check the acoustical sensitivity at lower
frequencies.

4.8.2 Automatic calibration check

Provision shiall be made to check the operation of each sound monitor, and the systemgto,'which it is
connected, Hy application of a known electrical signal in series with the microphone or by use,of an acfuator
positioned op the diaphragm of the microphone. The signal at the output of the microphione should|be a
sinusoidal tdne with a frequency between 990 Hz and 1 010 Hz and an equivalent sound pressure|level
greater than |80 dB. It shall be possible to activate this verification both at the microphone site and fro the
central statiop.

Checks of the electrical sensitivity of a sound monitor by means of remoté verification of the microghone
sensitivity anld functionality may be useful for revealing failures, but shall.fAot be considered as replacements
for checks of|the acoustical sensitivity of a measurement channel.

4.8.3 Time|intervals of calibration check

Checking thg signal sensitivity of any automatic sound monitorishall occur automatically at least once pgr day
(preferably during a time of low aircraft activity). Whenever'‘automatic sensitivity checking is taking placg, the
resulting solind pressure level data shall be excluded automatically through positive means from all
accumulations of aircraft and non-aircraft sound. Any automated checking system shall not be initiated while a
sound event|is being detected, but shall be delayed-until the event has finished.

It is permittqd to perform a sensitivity check and simply store the deviation of the sensitivity level from a
previous cherk without changing the sensitivity of the signal chain.

While automatic acoustical calibration’is not excluded, electrostatic actuation of the microphone i the
preferred method.

4.8.4 Stordge of calibration check data

The initial cplibration -sensitivity level, and the differences between this level and the sensitivity levels
subsequently measured on each day, shall be stored and reported. In addition, the standard deviatipn or
variance of the differences in the calibration sensitivity levels shall be recorded and stored over the geriod
between checks of acoustical sensitivity of a sound measuring channel by means of an acoustical calibrator.
At least the | itivi = itori

This recording of any change of the sensitivity level shall not be used to “correct” measured data when a
significant change in sensitivity level is shown, as the exact time at which the sensitivity changed cannot be
known. Such data shall be regarded as very suspect. However, once a change has occurred and a second
stable sensitivity level is achieved, it is reasonable to “correct” the data, but a record should always be made
of any such correction. In general, a change of sensitivity level of more than 1,5 dB should be regarded as
significant and the symptom of a fault. The reason for the change should be determined as soon as
reasonably practical and any fault corrected.

The standard deviation or the variance may be preserved either by storing a calibration offset or a new overall
figure or any method that allows the change of sensitivity level to be readily seen.
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4.8.5 Verification of electroacoustical performances

The recommended time interval for verification of system performance is once a year. The maximum
allowable interval is two years. If irregularities in the signal verification data occur, immediate verification is
recommended. The electroacoustical performance of each channel of the sound monitor shall be verified
periodically to conform to class 1 specifications of IEC 61672-1 in accordance with the procedures in
IEC 61672-3.

A sound monitor that has not undergone such verification within the previous 24 month period shall be
considered not to conform to the requirements of this International Standard, except during the first two years

of use after installation.

The erification shall be performed using instruments for which the performance is traceabl¢ to relevant
standards. It shall be performed by a laboratory that meets the requirements of ISO/IEE’ 17025 for this
appli¢cation or by a nationally recognized laboratory.

NOTE Accreditation of the laboratory can provide a higher level of confidence in the results of the laborptory.

4.9 [ Environmental characteristics

4.9.1| General

The fequirements given in 4.9.2 to 4.9.4 state the allowable sepsitivities of the sound-monitoring system to
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4.9.3

Is environments. The components of the sound-monitoring system that are located o
rm to the specifications in IEC 61672-1 within the class\Irtolerance limits for the influence
the reference environmental conditions. This requirement applies for the influence of variatig
Hity, atmospheric pressure, alternating magnetic fields; electrostatic discharge, radio frequer
bances to the voltage of the power supply.

Air temperature

components of a sound-monitoring:.System which are located outdoors shall conform t¢
nce limits of IEC 61672-1, which apply over a temperature range of —10 °C to +50 °C.

hperatures outside the range*-10 °C to +50 °C are regularly encountered at an airp
facturer or supplier shalt ;provide the airport or user with details of the likely increas
urement uncertainty as-a result of the lower or higher temperatures.

from the microphoné assembly in some cases, the requirement for an extended temperatu
et by including ©iéating or cooling within the housing of the sound monitor. If such temperatt
bd, it should‘be noted that in the event of failure, e.g. interruption of the power supply,
tainties may( significantly increase.

Other outside influences

Itdoors shall
of variations
ns in relative
cy fields and

the class 1

brt, then the
e (if any) in

e range may
re regulation
heasurement

The

echaniCal design anda Installation OoT outdoor souna monitor equipment shall be such as

to minimize

damage by living creatures. Specific features that are advisable include running all cables in metal conduit,
sturdy locks at all access points, and in general making the equipment inaccessible and resistant to damage.

The sound monitor operator shall be aware of the particular flora and fauna at the site of any installation and
take steps to protect against damage that they may cause.

494

Power supply

A continuous method of supplying electrical power is acceptable, such as solar power or energy cells. Around
airports, public supplies of electrical power are usually available. The sound-monitoring system shall comply

with t

©1S0

he power supply requirements of IEC 61672-1.
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Any power back-up system should allow for continuous operation during breakdown or unusual deviations of
the external power supply. The back-up system should be capable of allowing full operation for the worst
expected annual supply failure at that site. Such a power supply failure should be considered to last at least
as long as the duration of the longest public holiday at the location, when reinstating the supply during such a
holiday may not be possible. The sound monitor manufacturer or supplier shall provide data showing the
specified period of back-up is valid until the next verification and for any air temperature within the range
specified in 4.9.2. The sound monitor should be able to operate for a suitable period without the main power

supply.

4.10 Measurement of meteorological conditions

The following meteorological conditions shall be measured:
a) wind speed;

b) air tempgrature, relative humidity;

c) occurrerce of precipitation.

The hourly ayerage values should be provided.
Temperature, relative humidity and precipitation shall be measured at one_ormore representative sites|at or
close to the pirport and/or the sound monitors. Wind conditions may need\io be measured at more thap one
site to ensurg acquisition of data that are representative of wind conditions at the sound monitors (especially if
sound level measurements are to be used for noise limit infringement penalties).
If available, meteorological data should also be collected from:the METAR (meteorological aviation rqutine
weather report). METAR reports are updated periodically (typically hourly), so such data cannot prpvide

instantaneous wind speed or directions.

The devices Jused to measure the meteorological conditions should have their function checked at least|once
per year.

5 Data processing

5.1 General
Figure 4 shows the stages of data collection and processing.

NOTE Agcording to Figutre 4, the “residual” sound can be corrupted and increased by the sound from “uniderjtified”
events, “missing” eventsyand the sound from “corrupted” events, all of which are made part of the “residual” sound by this
process. Also,|according.to Figure 5, the residual sound includes all verified aircraft sound that is 10 dB or more belgw the
sound event :[aximum level. For these reasons, the “residual” sound as depicted in Figure 4 always exceeds the true

residual sound accerding to 3.13.3, the sound remaining when all aircraft sound is absent. Depending on relative levels,
this exceedange can be quite large.

5.2 Basic requirements

An aircraft sound-monitoring system, that may accumulate sound data at several sites on a continuous basis,
can potentially produce a large quantity and variety of acoustical measures. While many of these measures
may be useful in particular airport/community situations, there are two types of data that are essential in
practically all cases and which therefore are specified as mandatory:

a) aircraft sound event data;

b) incomplete or corrupted data.
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| information on aircraft | —_ -
| operation | F————— A
———————— Reports of missing |
events |
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Reports of incomplete
——————— and corrupted data
Continuous .| Event extraction | Event
measurement and classification [ 1dentification
Y — Reports of-airpraft
sound everts
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| Reports o |
I} " residual sound |
I_____T_____J
. Reports o
total soungl
Key
mandatory reports
' optional reports
Figure 4 — Aircraft.sound event data collection and processing
Totalf sound shall be reported over stated periods. The total sound shall be characterized by A-weighted
equivalent continuous sound pressure levels over appropriate time periods. It may also be chafacterized by
N % ¢xceedance levels.
Excepdance levels for different time periods cannot be combined into single values for a longef time period,
thus |the hourly, daily .and’ any other measures shall be calculated separately, if exceedande levels are
meagured.
The gound-monitoring system should store the time history of the short term L, 5 o 1 s Values of fhe events as
the raw data for further investigation.
NOT The capabilities of a sound-monitoring system can, of course, greatly exceed these basic functjons, providing
not only_additional sound information, but also aircraft identification, runway usage, flight tracking, aphd other non-

acoustical data.

5.3 Aircraft sound event data

5.3.1

General

In general, the sound-monitoring system first detects individual sound events from the continuous
measurement. Afterwards, acoustical criteria may be applied to classify the events as likely aircraft or as non-
aircraft sound events (see also Figure 2).

© 1SO 2009 — All rights reserved
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5.3.2 Sound event detection

A sound event is detected when, for example, all the following acoustical criteria are satisfied:

a) the sound is not steady state, but also not impulsive, i.e. its duration lies within specified limits;
b) the sound level exceeds a threshold level by at least a specified amount;

c) when an event terminates, the sound level does not rise again above a specified level within a specified

time.
NOTE T < Ul itclia dlicT i“uatlatcd ;II riymc 5
Lp . AS A
2 6
10 II/ Z
dB
100
L ' L £y "
90 1 o P, AS, max Ly =140+ o
1 Y )
80 |- 3 -
2y
t"
70 - < L. 7
4
NS
60 ' L. r ~\
3) P LAt o 8
0 ||— >
t
Key
Lp,AS AS-Weighted sound pressure level 1 primary indicator range / dynamic range
L, asmax Maxjmum AS-weighted sound pressure level ~ 2 overload range
p time 3 ra.nge considered
10 10 dB down time 4  disregarded range
, . b threskdi 5 non-transmitted range
TAT imejabove Tress 6  upper limit of primary indicator range / dynamic rangg
7  threshold level
8 lower limit of linear operating range

———Figure 5—Exampleof-event-detection—criteria

As a minimum, the data set required for sound event classification of a sound event number, i, consists of the
maximum sound pressure level (L, asmax,; @Nd/Or L, A eq 1smaxi): the sound exposure level, Ly ;, the
duration, 7;, and a time stamp, which is the local time either at the occurrence of the maximum Sound
pressure level or at the beginning of the sound event.

In addition, the sound monitor may determine the time interval between initial threshold crossing and

attainment of the maximum sound pressure level, the final threshold crossing, and other potentially useful
data.
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5.3.3 Aircraft sound classification

Not every extracted sound event is related to an aircraft event. A classification primarily based on acoustical
properties may help to separate non-aircraft sound events from aircraft events. (In 5.4, the event identification
is described as a further step in data processing.)

An aircraft classification may be based on one or more of the following criteria:

a) knowledge of the range of air speed and range of distance from the microphone to the aircraft, hence of
the typical duration of the sound event;

c) gpectral information;
d) ¢orrelation with an event at another sound-monitoring site;
e) test on excessive wind speed;

f)  ljstening to the sound recorded during the sound event.

The fests used shall be specified by the manufacturer or supplier.

5.4 | Event identification

If non-acoustical data on aircraft operation are available, such as:

a) ipformation on the flight log, runway usage, aircrafttypes and flight paths; and/or
b) aircraft position information,

then the sound data recorded for an aircraft-may be

— further checked that they are really produced by an aircraft by correlating an aircraft sound gvent with the
probability of an aircraft having been in the vicinity of the microphone; and

— igentified to relate to a specific aircraft operation.

The |dentified aircraft sound event thus contains not only the basic data from the sound evgnt, but also
specific aircraft data such as aircraft type, flight path, and runway.

Such| identified_ajrcraft sound events may be formed either through an automatic process or|by a human
operator. In either case, it shall be possible for the operator to review the information on which the association
is baged and\every identified aircraft sound event shall be tagged to indicate whether review and|concurrence
by ah operator has taken place. When automatic event identification is provided, the algorithms and
assogiated criteria used for this process at any given time shall be documented in the instruction manual.

If the criteria are changed, the changed criteria shall be stored with a logical link to the data reviewed.

If non-acoustical data are available and if the event identification is made, the instruction manual for the
sound-monitoring system shall document the treatment of “unidentified events”, i.e. measured aircraft sound
events which cannot be correlated to an aircraft movement (see Clause 8).

5.5 Incomplete or corrupted data

5.5.1 General

A sound monitor may cease acquiring or processing valid sound data as a result of power failure, excessive
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wind-induced sound, equipment malfunction, etc. Provision shall be made to alert the operator of such a
condition, to promote ready resumption of operation, and to minimize loss of data. Where data are irretrievably
lost or invalidated, sound level parameter calculations shall be modified appropriately to approximate the
values, which would have been obtained had the loss not occurred. For example, if several hours of downtime
are incurred on a certain day, the averaging process to determine the cumulative daily A-weighted average
sound pressure level shall be carried out over only those hours for which data are available, rather than over
the entire day. All such data shall be flagged to indicate the circumstances.

When more than one third of the data for any period are missing, no calculation shall be carried out and the
record shall be left blank, with an appropriate label to indicate the circumstances.

A A mate
of the missinp data, but any such est|mate shall not be included in the report accordlng to 7. 2 and the fagt that
it is an estimpte shall be clearly noted. The basis for determining any such estimate shall be clearlydesdribed
in the instruction manual.

5.5.2 Wind-induced sound

Data acquired under windy conditions increase the uncertainty of the data. The wind.speed at the time ofleach
aircraft soungl event should be recorded in the report. For wind speeds above 10 m{s,the measured data| shall
be flagged.

NOTE In|some cases, wind effects may be identified by the specific spectrum_of ‘wind-induced sound (usually|a low
frequency doninated broad band sound).

5.6 Total sound and residual sound

The sound-monitoring system shall measure the total soundy(including all sound sources). In addition it is
useful that the sound-monitoring system should also calculate the residual sound and should produce [time-
average soupd pressure levels or N % exceedance levels*for the same periods as for the cumulative afrcraft
event data.

Such data sHall be carefully distinguished from aircraft sound data in any report.

NOTE Agcording to Figure 4, the “residual®'sound can be corrupted and increased by the sound from “unidentified”
events, “missing” events, and the sound from “corrupted” events, all of which are made part of the “residual” sound by this
process. Also,|according to Figure 5, the résidual sound includes all verified aircraft sound that is 10 dB or more belgw the
sound event maximum level. For these“reasons, the “residual” sound as depicted in Figure 4, always exceeds thg true
residual sound according to 3.13.3, the'sound remaining when all aircraft sound absent. Depending on relative levels, this
exceedance can be quite large.

5.7 Data storage

Provision shall be made for both short-term and archival storage of all sound-monitoring data. As a minipnum,
all sound evgnt data shall be retained as immediately accessible for a time sufficient to apply all discrimination
tests and alsp for |dent|f|cat|on of alrcraft sound events |f that capab|I|ty eX|sts in the sound monltorlng syptem.
If data are storedatT f ' T sound
monitor shall have storage capacity sufficient to retain all baS|c sound event data and sound exposure data for
the period which is the longest of:

a) twice the normal time between transmissions;
b) 24 h;

c) the longest period of absence (e.g. holiday) of sound-monitoring system administration and maintenance
staff, to prevent data loss in the case of breakdown of data transmission during the time of their absence.
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6 Measurement uncertainty

The uncertainty of results obtained from measurements according to this International Standard shall be
evaluated, preferably in compliance with ISO/IEC Guide 98-3. If reported, the expanded uncertainty together
with the corresponding coverage factor for a stated coverage probability of 95 % as defined in
ISO/IEC Guide 98-3 shall be given. Guidance on the determination of the expanded uncertainty is given in

Anne

X B.

7 Reporting of data

7.1
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hmended data is given. This listing does not preclude a sound-monitering system from
data. Any additional data shall be described in the instruction manual along with the d
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from [local time. The preferred descriptor of the event in each:¢case is the A-weighted sound ex
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Somé¢ recommended information, particularly of non=acoustical parameters, may not be ava
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utations used to generate these data. The reports shall be available!) at the time intervals
y need not be automatic and can be an operator choice. All timés on reports shall be in the
und-monitoring site, although in addition UTC may be displayed as long as it is clearly

A-weighted sound exposure can be accepted as an. alternative.

I-monitoring system, unless external data arée’ provided and are accessible to the sour
m. These include such data as flight numbers. Users should be aware that this informa
cted and arrange to provide these data.

cxpanded uncertainty of reported data (see ISO/IEC Guide 98-3) shall be indicated for
oring site.

pllowing site-specific information shall be reported:

ne instruments, their calibration and layout, and the measurement time intervals;

b)
c)

7.2

|

description of the“operating conditions of the airport (e.g. closed runways);

e sound-menitoring site including the topography, the ground cover and condition.

Reporting of aircraft sound event data
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d-monitoring
tion may be

each sound-

7.21

|_General

Aircraft sound event data are defined as those data that are generated from one or a series of individual
aircraft sound events. Each individual aircraft sound event corresponds to a single aircraft operation; each
aircraft operation may correspond to events at one or more sound-monitoring sites.

The report of event data is normally more detailed than the periodic reports, such as daily, weekly, monthly or
annual reports.

NOTE A report describing unidentified events or missing events can be useful.

1) “Available” does not mean that the report has to be formatted and stored in formatted form, if the information can be
calculated on demand from other stored data.
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7.2.2 Individual aircraft sound events

a) Information required for each aircraft event:

If applicable,|the threshold level(s) used at each sound monitor shall be stated in the report.

b) Recommended information for each aircraft event:

1)

2)

10)

11)

level, L, oq.a, 15 Plotted against time.

Any potentially ambiguous flight match, for example multiple overlapping events, should be flagged.

The choice

A-weighted sound exposure level over a specified duration;
event maximum sound pressure level (L, as max,; @Nd/0r L, A 64,1 s max,i);

the time stamp of the event (see 4.7.2);

wind speed;

zlny occurrence of precipitation.

time above the threshold(s) or 10 dB down time, ¢,,, see Figure 5;

vind direction;
air temperature;
Iumidity;

ight identification;

aircraft type;

funway in use;

departure or approach’operation;

ime history graph of the event, i.e. A-weighted short-term equivalent continuous sound pre

NV % exceedance levels for the 1 h period containing the time stamp) of the event (the 1 h geriod
begjnning and ending on the hour) and the sampling rate used, as,described in 4.3.3;

foute designator (Aeronautical Information Publication, AIP) name associated with aircraft gound
event;

ssure
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The time period over which the statistical indices are produced shall be stated.

7.2.3 Cumulative aircraft sound event data

7.2.31 Hourly aircraft data

The equivalent 1 h average sound level corresponding to the cumulated sound exposure of all aircraft sounds
occurring in each hour of a day shall be determined from the recordings provided at each sound monitor.
Cumulated sound exposure at each sound monitor shall be determined by addition of the individual sound
exposure of all measured aircraft sound events.

20
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For simplicity, an individual aircraft event sound exposure shall be associated with the hour in which the time
of the maximum A-weighted sound pressure level occurs during the event, even if a portion of the event falls
into the preceding or succeeding hour. Otherwise, multiple events may be created as an artefact of sound
monitor processing. Hours shall be identified by the local time of day at the beginning of the hour.

7.2.3.2 Daily event summary

The daily event summary report is a summary of all the aircraft sound events over a period of 24 h, for each
sound monitor, usually presented in the form of a table. The calculation of different composite whole-day
rating levels, Lyay. Levening: Lnightt Lan: Lden (referred to as “whole-day rating levels” in ISO 1996-1)
harmonizes with further requirements, e.g. EU-Directives.

It is vlecommended that the period start at the beginning of the night as defined by local regulations (e.g. at
22:00).

7.2.4] Monthly event summary
The fhonthly event summary report should contain a monthly event summary, which lists by day ih sequence:
a) total number of measured aircraft sound events;

b) ¢umulative sound exposure level (see ISO 1996-1);

c) summary of flight operations such as total number of departures and approaches.

It is @ptional to include the number of events that occur during the specified daytime, evening apd night time
periofs.

7.2.5| Period summaries

Annual period summaries are required, but(périods of three months, six months, and longer [are optional.
Ther¢ are no mandated data for these:.feports, but they should follow the format of the njonthly event
summaries.

7.3 | Environmental reports

Environmental reports are produced at various intervals and describe the total and/or the residpal sound as
meagured by the sound monitor in statistical terms. No format, descriptor or information are required, as these
are upually determined-locally.

As a[minimum, each environmental report should provide the level of the background sound (seg¢ 3.13.4) plus
the time-average sound pressure level for each reporting period.

8 Instruction manual

As a minimum, the instruction manual for a sound-monitoring system shall contain the information listed
below, for each sound monitor and where appropriate for several sound monitors working together as a
system.

For class 1 sound level meters and equivalent instruments, all requirements concerning the instruction manual
according to IEC 61672-1 shall be satisfied.

In the instruction manual, in addition to the data required by IEC 61672-1, the following data shall be provided:

a) the method for manually checking the acoustical calibration of the sound monitor;
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b) the method for automatic signal-sensitivity verification of the sound monitor;

c) the method used for aircraft sound event detection and classification, and instructions on how to set the
appropriate parameters;

d) the time intervals used to determine the short term equivalent continuous sound pressure levels;

e) the sampling intervals for Lp,AS(t) or the method used to calculate Lp,AS(t);

f)  the level range used to calculate Ly 5 (€.9. L, a5 max —10 dB, all levels above threshold level);

g) the method of error checking employed for transmission of data;

h) the A-wgighted sound pressure level indication caused by wind at a steady speed of 10mm/s’ with the
sound monitor assembled as recommended by the manufacturer or supplier;

i) any maintenance schedule required to ensure freedom from corrosion and the ingress.of moisture;
j)  the data|storage capability of the monitoring system;

k) details of any computations for descriptors other than sound exposure or sound exposure level,

I) details of any computation to provide additional data as described inClause 7;

m) if availalple, the method of treatment of any data for correlation of aircraft sound events and flight datg;

n) if non-acoustical data are available and if the event jdentification is undertaken, the treatmgnt of
“unident|fied events”.
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Annex A
(informative)

Selection of sites for sound monitors

General

The
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have
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The
moni
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b) 1

sound-monitoring site is critical in obtaining useful sound data with minimal uncertainty!

rements for sound data at particular sites may vary considerably, the engineering guideling
I monitors may also differ considerably. The selection of sound-monitoring sites’ should
dered early in the development of a sound-monitoring plan, once the objectives-for the so
been clearly identified. In order to analyse to what extent a proposed site may.influence th
e results of aircraft sound measurements at that site, it is necessary to examine carefully
ben the residual sound and the maximum sound pressure level produced by the quietest a
easured. For measurements uncontaminated by residual sound, the-Jevel difference sh
B. At sites where such a difference is not achievable, additional measurement uncertainty is i

Process of sound-monitoring site selection

selection of sound monitor sites is usually a two-stage“process. The first stage, for a ge
oring site, involves consideration of the sound-monitoring objectives, which might include th

D obtain reliable sound information in specific.sound-sensitive community areas;

O obtain reliable information on the sound’ pressure levels at the particular site produced

c)

d)

PT T

The
gene

interference from other sound sources (road traffic, industry, wildlife, leisure activities etc.);

pes of aircraft and operations for sound regulatory (sound limit) purposes, sound budget &
nd/or to monitor compliance with periodic sound exposure level requirements;

Because the
s for placing
be carefully
ind monitors
e uncertainty
the relation
rcraft type to
ould exceed
htroduced.

neric sound-
e following:

by different
nalyses, etc.

obtain sound information to_monitor aircraft departure or approach flight paths and to detegmine runway

nd flight path utilization;

b meet sound-monitoring system technical considerations, particularly the need to (
nformation from more than one sound monitor under important departure or arrival g

ral area. This is based upon practical and other considerations such as:

btain sound
aths for the

eparation of aircraft sound signals from other sounds in the community in the vicinity of the @irport.

second stageof the site selection process is the selection of specific sound-monitoring sifes within the

t

if fixed telephone lines and power supplies are required, ease of access to utilities;

errain and building obstructions;

ease and cost of obtaining site access and approvals (sites on private property may require payments of

rent or easements; sites on publicly owned land such as parks may be less costly for public agencies, but
obtaining formal approvals may be difficult and/or time consuming);

t
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sound monitor security considerations (vandalism, theft, and damage by animals);

he likely uncertainty of the measurements.
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A.3 Method to determine acoustically suitable sound-monitoring sites

A.3.1 General

In most cases, the measurement of the sound pressure is integrated over the duration of the aircraft event,
like the single event level, L, 5, and indices based on L 5 or L, o, 7. However, the determination of Ly 5 by
measurement requ|res the integration of the sound pressure in at least the range above the level “10 dB'less
than L, as max (S€€ fmax IN Figure 5). Further, for an acoustically reliable measurement, the aircraft event
shouldpbe clearly distinguishable from residual sound, i.e. the difference between the level of the background
sound and the sound level at the onset of a measurement should be at least 5 dB. Therefore, sound monitors
should only be installed at sites where the maximum sound pressure levels, L, rq may Of aircraft events of
interest are dt least 15 dB greater than the level of the average residual sound.

The AS-weighted sound pressure level, L, zg(7), is used as an example in this annex; the A-weighted |short
term equivalent continuous sound pressure level, L, 5 oq 1. Can be used as its equivalent-) This rgmark
concerns thel maxima, the measured levels and the exceedance levels.

For monitoring aircraft operations on a specific flight path, the area suitable for sound monitors may be
determined Hy the following procedure.

a) There is|always a certain percentage of quiet aircraft that the sound monitors)do not detect. Therefofe, on
the basi$ of best-available data, the quietest aircraft (in operation at thaf.airport, both currently and |n the
foreseegble future) for which reliable measurements are required,/should be identified, andq the
correspgnding maximum sound pressure level, L, as max estimated,

b) At poss|ble microphone positions, the average residual A-weighted sound pressure level should be
estimatgd. For example, in rural areas this residual sound«level might be 40 dB to 45 dB, increasing in
urban areas up to 55 dB.

c) To avoidl excessive ground effects, the elevationangle (the angle between the ground plane and the
sound ray from the aircraft to the microphone) should be greater than 30°. This restricts the area clgse to
the runway by two lines, originating at the lift-6ff point and intersecting the ellipse at the points where the
aircraft is seen at an elevation angle of 3Q°.,For lower elevation angles, the uncertainty of the meagured
sound lgvels increases.

A.3.2 Detefmination of acoustically suitable sound-monitoring sites

For reliable fletection, 99 % of event maxima should be at least 15 dB above the residual sound level; the
level of 15 dBB above the residdal'sound level is referred to as Lygiggt-

The sound fpotprint for £yset Can be determined for a single flight of the quietest aircraft type. Usually, an
aircraft noisg calculation ‘program would be used for this task. For a rough estimation, the contours may be
determined manually with the steps outlined in a) to c). If there exist several climb profiles, the steepest grofile
is chosen bgecatse it usually produces lower sound pressure levels, and the least loud event that is
measurable istheeded.

a) For departure, the aircraft may reduce power after initial departure to “climb” conditions. For the aircraft in
“climb” condition, determine the maximum sound pressure level, L, zs may. at a specified distance, e.g. at
305 m. Then estimate the distance, d,,,,, from the aircraft where the aircraft sound pressure level is
Lyetect- A doubling of distance may reduce the sound pressure level by 7 dB to 9dB (6 dB due to
spherical spreading plus air absorption). Alternatively, the distance, d,,,5,, may be estimated directly from
noise-power-distance (NPD) tables associated with aircraft noise calculation programs.

b) Using an average profile with a high rate of climb, determine the horizontal distance, x5, flown by the

aircraft to reach an altitude equal to d,,,,,. The distance, x, is measured from the typical lift-off point on the
runway.
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For an average, straight departure, the area where sound pressure levels exceed L gt iS NOW defined

by an ellipse in the following way: when the aircraft is close to the ground, the boundary of the area is
dmax 10 either side of the runway. Along the flight path, the area narrows (as the aircraft climbs) to reach
the tip of the ellipse at the distance x,,,,,. (Geometrically, this is a cylinder of radius d,,,,, around the flight
path, which is intersected by the ground plane.)

For examples of determining the sound footprint, see A.3.3.

For microphone positions under curved flight paths, similar estimates may be used, looking at maximum

allowable distance, d

of flig

’ max’
ht paths in curved sectors.

from the curved flight paths, taking into account, if necessary, the greater spreading

Bef0||e making a definitive selection of any sound-monitoring site, some sound levels should-bée
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situafion of theparticular aircraft type considered in A.3.3.1, the maximum lateral distance is no

400 1
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5s the relation between residual sound and aircraft sound with respect to microghone
hces and maximum sound levels.

y be necessary to install a sound monitor in an acoustically unfavourable)area with
nstrate that there is usually little aircraft sound at the location. Such a¢sound monitor
ft events, but detects the exceptions that fly close to the microphone.

3 Examples

1 Example for departure

me that, at an airport, the sound produced by aircraft of:acertain type requires measureme
dual sound pressure level, L, og g5 1, Of 55 dB, the required minimum L ygte is 70 dB. For th
stimation, the details of initial departure power and steeper profile may be ignored. It may
his particular aircraft type climbs at a constant rate out to an altitude of 2 500 m at a dista
the airport.

an aircraft noise calculation program, it'is’estimated that a sound pressure level of 70 dB
NCe, dynay Of 800 m. With the assumed;rate of climb, 800 m altitude is reached at H,,,, =7
he possible area for reliable monitoring is thus the ellipse with the half-axes 0,8 km and
a distance of 3,5 km the area s further restricted by excluding sound incidences at ele

Ve to the ground of less than 30% the resulting area is as shown in Figure A.1.

.2 Example for approach

same procedures-apply for landing approaches. Because the angle of descent is tyj
ment landing system (ILS) approaches, the area for possible microphone positions is rather

given slanfydistance, approaching aircraft are generally quieter than departing ones. F

n where' the sound pressure level reaches 70 dB. Assuming a 3° ILS angle of descen
nce_translates to a distance of 7,6 km from the touch-down point. Again with the restriction

measured to
to-flight-path

the goal to
misses most

ht. Assuming
e purpose of
be assumed
nce of 22 km

is heard at a
km from lift-
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or the same
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HinCidence anglnc relative to the grmmd of less than 'm°, the rnelllfing area is as shown in H

igure A.2.
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Figure A.1 — Example for the estimation of microphone positions-for reliable event detection

(Departure of a particular aircraft, L, \g n55= 70 dB)
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Figure A.2 — Example for the estimation of microphone positions for reliable event detection
(ILS-approach of a particular aircraft, L, rg may = 70 dB)
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Annex B
(informative)

Uncertainty of reported data

B.1 General

The t:cepted format for the expression of uncertainties associated with methods of measuremegnt is given in
ISO/IEC Guide 98-3. This format incorporates an uncertainty budget, in which all the varioug sources of
unceftainty are identified and quantified, and from which the combined total uncertainty,can |be obtained.
Definjitive data to enable such a format to be adopted in the case of this International Standgrd were not
available at the time of its preparation. However, an indication is given of the source€s\of uncertaipty which are
thought to be associated with the methods and equipment described. The general-approach to galculation of
unceftainties appropriate to this International Standard, in accordance with ISO/IEC Guide 98-3) is illustrated
for information.

B.2 |Expression for the calculation of the A-weighted sound exposure level| for single
aircfaft sound events

Preliminary estimations show that the A-weighted sound gexposure level of a single aircraft sqund event i,
Lg a3 according to this International Standard, is the.sum of the following components, all gxpressed in
decilgels:

LE,A,i = LE,A,i,meas + 5s|m + §residua| (B.1)
wherg

EAimeas IS the sound exposure level of an individual event, i, indicated by the sound monitpr;

Dsim is an input quantity to allow for any uncertainty in the measuring instrumentation (see B.3.1);

D

resiqual 1S @n inputquantity to allow for uncertainty due to the influences of residual sound (see B.3.2).

NOTH 1 A similaf)expression to that of Equation (B.1) applies with respect to maximum sound pfessure levels
determined for an individual aircraft sound event.

NOTH 2  Uncertainty in aircraft emissions and uncertainty in sound propagation are not included if the| measurement
goal i§ tormeasure total sound exposure for all aircraft.

NOTE 3 The ferms included in Equation (B.T) o allow for uncerfainties are those thought to be applicable from the
state of knowledge at the time of preparation of this International Standard, but further research could reveal that there are
others.

A probability distribution (normal, rectangular, etc.) is associated with each of the inputs to allow for
uncertainties. Its expectation (mean value) is the best estimate for the value of the input and its standard
deviation is a measure of the dispersion of values, termed uncertainty. It is presumed that the estimates of all
of the dinput quantities for uncertainties given in Equation (B.1) are equal to zero. However, in any particular
determination of a sound exposure level or maximum sound pressure level of a noise source under test, the
uncertainties do not vanish and they contribute to the combined uncertainty associated with values of the
sound exposure level or maximum sound pressure level.
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B.3 Contribution to measurement uncertainty

B.3.1 Contributions due to the measuring instrumentation

The input quantity to allow for any uncertainty in the measuring instrumentation, &;,,,, depends at least on the
sum of the following components, all expressed in decibels:
é‘slm = 5mic + 5A + é‘lin + 5V + 517 + §T + 5RH + §ca|ref + Jcalop (B.2)

where

&

an input quantity to allow for influences of the directional response of the microphone
mplifier, windscreen and all relevant accessories;

pre-

[V

=

an input quantity to allow for tolerances in the A-weighting;

>
=

an input quantity to allow for tolerances in the level linearity;

>

an input quantity to allow for tolerances due to the influences of variable supply voltage;

an input quantity to allow for influences of variations in ambient static air pressure;

,.QQ',

Y

an input quantity to allow for influences of variations in air témperature;

an input quantity to allow for influences of variations in_humidity;

™,
X
T

ound

L0

s an input quantity to allow for tolerances in the sound pressure level in the cavity of the
calibrator under reference conditions;

o,

calop

s}

ound

J

g an input quantity to allow for tolerances.in the sound pressure level in the cavity of the
alibrator under operational conditions.

Q
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e input quantities included in Equation{B.2) allow for uncertainties considered to be applicable bas|
at the time of preparation of this {nternational Standard. In IEC 61672-1, additional tolerances are ing

esponse and for the influence of alternating current and radio-frequency fields. These are assumed tg

h the measurement of the seund exposure level of the sound from an aircraft and are thus omitted. H
reveal another uncertainty analysis.

For estimati
IEC 61672-1
recommendgq
pattern eval
performance
converted in

bn of standard uncertainties according to Equation (B.2), the tolerance limits specifi
for a class 1~soeund level meter and in IEC 60942 for a class 1 sound calibrato
d. The tolerance limits from IEC 61672-1 should be used only when there is evidence
Jation tests\vand subsequent periodic tests of conformance to the requirements for cl
The tolerance limits in IEC 61672-1, corrected for the tolerances allowed for testing
o uncertainties, simplified where necessary. It is assumed that 99 % of instrumentation (v

pd in

are
from
Ass 1
, are
vith a

normal probg bwed

for testing. T

bility.distribution) comply with the tolerances in IEC 61672-1, corrected for the tolerances all
pis-gives a coverage factor £ = 2,58.

In the general case of a microphone over a flat terrain and with a vertical microphone reference direction, the
angle, 6, of sound incidence is usually less than 90° (corresponding to horizontal). The directional response
limits vary with frequency and sound incidence angle and are specified in IEC 61672-1.

For the maximum level, L, g max, the angle between the reference direction of the microphone and the
direction of the line perpendicular to the flight path (line s in Figure 3) may be used as an estimate for sound
incidence angle, 6.

The influence of microphone directivity on sound measurement uncertainty can be kept low, if all angles, 6, for
all aircraft fly-bys remain in a small range of variation for 6. Further, if the mean of the angle distribution differs
considerably from the reference direction, the expectation value of J,,. might be different from zero, i.e. a
systematic correction should be applied.
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For determination of sound exposure level, Lga L (t) varies with the angle 6 over a large range within the
integration interval of L . However, for the purpose of estimating the uncertainty of L, 5 as the uncertainty at
levels close to L, g max are dominant, the same procedure as for L, og max may be used.

The shape of the A-weighted one-third octave spectrum, measured at the microphone, determines which
frequency band contributes the dominant portion to an indication of sound level and consequently which
frequency band has to be considered in estimating the uncertainty. The spectra for typical aircraft classes may
be found, for example, in the Eurocontrol Aircraft Noise and Performance (ANP) database (Reference [6]).
Typical spectra of jet powered aircraft at take-off engine power settings have a maximum between 250 Hz and
500 Hz. According to IEC 61672-1, the directional response limits for < 30° and < 90° are 1,3 dB and
1,8 dB, respectlvely In thls frequency range the expanded uncertamty of measurement |s O 3 dB. In this
case ot

mic =10/2,58 dB=0,39dB for 6 < 30° 83
or
mic =15/2,58 dB=0,58 dB for 6 < 90° 54

The folerance in the frequency range from 50 Hz to 1,25 kHz remains below + 1,5 dB (IEC 6[1672-1:2002,
Tablg 2, class 1) and the expanded uncertainty of measurement is 0,5 dB:

A =10/2,58 dB=0,39 dB (B.5)

The Jevel linearity error shall not exceed +1,1dB (IEC 61672-1:2002, 5.5.5, class 1) and the expanded
unceftainty of measurement is 0,3 dB.

in =0,8/2,58 dB = 0,31dB (B.6)

The [deviation of the displayed sound level ;shall not exceed + 0,3 dB for changes in supply voltage
(IEC B1672-1:2002, 5.20.2, class 1) and the expanded uncertainty of measurement is 0,2 dB.

y =0,1/2,58 dB = 0,04 dB (B.7)
The peviation of the displayed ,sound pressure level shall not exceed *+ 0,7 dB for variationq in static air
presgure between 850 hPa and‘1.080 hPa (IEC 61672-1:2002, 6.2.1, class 1) and the expandefd uncertainty
of mgasurement is 0,3 dB.
1, = 0,4/2,58 dB 50,16 dB (B.8)
The feviation of _the displayed sound level shall not exceed * 0,8 dB for temperature variatibns between
—10 9C and +50~'C (IEC 61672-1:2002, 6.3.3 and 6.4, class 1) and the expanded uncertainty of measurement
is 0,3 dB.

#=0,5/2,58 dB =0,19 dB (B.9)

The deviation of the displayed sound level shall not exceed + 0,8 dB for relative humidity between 25 % and
90 % (IEC 61672-1:2002, 6.4, class 1) and the expanded uncertainty of measurement is 0,3 dB.

ury =0,5/2,58 dB =0,19 dB (B.10)

The tolerance limit is 0,4 dB for the sound pressure level in the cavity of a sound calibrator reference condition
(IEC 60942, class 1).

Ugarret = 0,4/2,58 dB =0,16 dB (B.11)

The tolerance limit is 0,4 dB for operating condition (IEC 60942, class 1).
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