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Introduction

ECMA-74 specifies methods for the measurement of airborne noise emitted by information technology and
telecommunications equipment. Hitherto, a wide variety of methods have been applied by individual
manufacturers and users to satisfy particular equipment or application needs. These diverse practices have, in
many cases, made comparison of noise emission difficult. This Standard simplifies such comparisons and is
the basis for declaration of the noise emission level of information technology and telecommunications
equipment.

In order to ensure accuracy, validity and acceptability, this Standard is based on the basic Standards for
determining the sound power level and for determining the emission sound pressure level at the operator
position(s) and bystander position(s). Furthermore, implementation is simplified by conformance with these
International Standards.

In many cases free-field conditions over a reflecting plane are realised by hemi-anechoic rooms. These rooms
may be particularly useful during product design to locate and to improve individual contributing noise sources.
Reverberation test rooms may be more economical for production control and for obtaining sound power levels
for noise emission declaration purposes.

The method for measuring the emission sound pressure level at the operator or bystander positions (based on
ISO 11201) is specified in a separate clause, as this level is not considered to be primary noise emission
declaration information. The measurements can, however, be carried out in conjunction with those for sound
power determination in a free field over a reflecting plane.

For comparison of similar equipment it is essential that the installation conditions and mode of operation are the
same. In Annex C these parameters are standardized for many categories of equipment.

The first edition of this Standard was issued in September 1981. It was contributed to ISO/TC 43 and formed
the base for ISO 7779:1988, first edition. The second edition of ECMA-74 was issued in December 1987. The
third edition was issued in December 1992 and was submitted to ISO for fast-track processing as a revision to
ISO 7779 in the spring of 1993. The document was balloted by ISO from November 1994 to May 1995 and was
approved with 18 of 20 P members in favour and 2 of 22 member bodies opposed. The fourth edition was issued
in December 1996, taking into account most of the comments that accompanied the voting. The fifth edition was
issued December 1997 to add a new equipment category — CD- and DVD-ROM drives as C.19.

ISO 7779, second edition, was published August 1st, 1999. The sixth edition of ECMA-74 was adapted to the
final wording of new ISO 7779 and also included additional provisions for CD- and DVD-ROM drives as C.19.
Now C.19 with minor modifications was adopted as ISO/DIS 7779 Amendment 1.

The C.19 changes that are in ISO/DIS 7779 Amendment 1 along with a revised Annex B and a revised Annex D
are included in the seventh edition of ECMA-74, which was approved in December, 2002. The Annex B includes
a provision allowing the use of a 0,5 m radius hemispherical surface for measuring the sound power emitted by
small noise sources such as disk drives. Annex B also allows the use of a cylindrical measurement surface. The
revised Annex D in the seventh edition includes prominence ratio in addition to tone-to-noise ratio, provides
improved figures illustrating the tone-to-noise and prominence ratio calculations, and contains new criteria for
prominent discrete tones. The new criteria are a result of a three-year study by Ecma TC26 and ITI TC6.

For the eighth edition, the reference list was updated and some text modified to account for the changes. The
cylindrical measurement surface section of Annex B was re-worded to more closely follow the wording used in
the draft of ISO 3744. Annex C contains additional figures in section C.15 on personal computers and
workstations. A new equipment category, C.20, for data projectors was added. Also Annex D was expanded
with additional figures, equations and examples.

© Ecma International 2019 \
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For the ninth edition, only Annex D was modified. Changes were made in part to better define the critical band
edges, including changing from geometric critical bands to arithmetic critical bands for frequencies below 500 Hz.
Also, curves were fitted to the band edges for the lower and upper critical bands when calculating prominence
ratio, thus eliminating the need to use iteration for the calculations. Clarifications were added on frequency
range of interest and elsewhere. The criteria for prominence did not change.

For the 10t edition, changes were made to the main body of the Standard to be in agreement with upcoming
changes in the underlying standards: 1SO 3741, 1ISO 3744, ISO 3745 and ISO 11201. Two new equipment
categories were added to Annex C: 1) multi-function devices (MFDs) and 2) hand-held computing and media
playback devices. The addition of these categories included some changes in the main body of the Standard
as well as some of the other print-related categories. Annex D was revised to give clearer direction on
determining the prominence of tones as well as introducing the concept of Threshold of Hearing when analyzing
very low-noise equipment.

For the 11" edition, changes were made to the Standard to align more closely with ISO 7779:2010, 3" edition.
A new equipment category was added to Annex C, Digital media recorders and playback units for consumer
use. Also the document was reformatted with the new Ecma standards template.

For 12t edition, there were several updates as follows:

— In Clause 3, the wording of some definitions was updated to be more consistent with the basic
standards (ISO 3741, ISO 3744, ISO 3745, ISO 11201).

— In7.3.1 and related sections, an expanded criteria on the environmental correction Kz was added to
address its more detailed treatment in the basic standards.

— In Annex B, the minimum number of fixed microphone positions on the cylindrical measurement
surface was made consistent with ISO 3744 Annex D.

— In Annex C, the clarity and consistency of procedures for imaging equipment under C.3, C.13, C.16
and C.21 were improved. Inkjet printers were categorized under C.16. Procedures for measuring idle
mode noise were made uniform. The measurement of functional operations under C.13, C.16 and
C.21 were aligned with one another and with the typical use prescription of C.1. The consistency of
media use and reporting procedures across C.13, C.16 and C.21 was improved. Hand-held
computing and media playback devices under C.22 having neither air moving devices nor a hard disk
drive were generally exempted from reporting requirements.

— In Annex D, bibliographical references [40], [41] and [42] were replaced by ISO 2896119,

For 13t edition, there were several updates as follows:

— 1In6.4.6 and 7.4.6, the microphone calibration procedures were amended to be consistent to those of
the basic standards (ISO 3741 and 3744, respectively).

— In7.3.1, the procedure for test environment qualification was amended to clarify that any frequency
bands, typically low in frequency, not significantly affecting A-weighted sound power level need not
meet the hemi-anechoic room qualification criteria for the purposes of determining A-weighted sound
power level.

— In Annex B, B.2, a procedure for reducing the microphone positions on cylindrical measurement
surface was introduced. This procedure is not presently in ISO 3744 but is expected in future versions
of ISO 3744. In addition, editorial improvements were made, and equations were renumbered.

— In Annex D, some editorial improvements were made, and references to content within the annex
were corrected (no technical changes).

— In Annex E, the method for detecting impulsive noise was removed. Because, by the recent update of
IEC 61672-1:2013, the time-weighting |, which was the technical basis of the previous detection
method in Annex E, had been removed. However, for historical reasons and also for the possibility of
future development of another method detecting for impulsive noise, this informative Annex E remains
with the same title, at least, in the 13t edition.
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For 14 edition, there were several updates as follows:

Annex C, C.21 Multi-function devices and its related categories were updated to harmonize their
grammages and to refine MFD’s mandatory test conditions.

For 15" edition, there were several updates as follows:

In Annex D descriptions were amended to clarify that Annex D permits using FFT data below 89,1 Hz
and above 11 200 Hz to calculate tone-to-noise ratio and prominence ratio. Notes were added to
indicate that new metrics are under development for detecting prominent discrete tones for small fans
whose noise emissions consist of many harmonic components and other discrete tones.

A new Annex F was included on a hearing model approach to calculate psychoacoustic parameters
such as prominent tonalities contained in the new Annex G and other psychoacoustic parameters.

A new Annex G was included on the identification and evaluation of prominent tonalities using a
psychoacoustic tonality calculation method, which is based on the hearing model approach in Annex
F. This method complements the procedures for determining prominent discrete tones contained in
Annex D.

For the 16% edition, changes were made to the Standard to align more closely with ISO 7779:2018, 4t edition41,
In_addition, Annex C was revised to add a new product category “Large Format Printers, and the product

category “multi-function devices” (MFD) was renamed to “multi-function printers” (MEP). There were several

updates as follows:

In Clause 3, 3.1 General definitions and 3.2 Acoustical definitions were updated to be consistent with
those of International counterpart, ISO 7779 which relies on basic standards, such as ISO/TR 25417,
ISO 80000-8 etc., 3.3 Definitions related to uncertainty was newly added, corresponding to new
Clause 9.

In Clause 7, 7.3.1 was divided into 7.3.1.1 to 7.3.1.3, and amended to clarify that this Standard
permits applying either ISO 3744 or ISO 3745 for hemi-anechoic room qualification.

In Clause 8, 8.6, new 8.6.1 was inserted to clarify the method of defining operator position and
bystander positions. And, references to new 8.6.2 (operator position) and new 8.6.3 (bystander
positions) were amended accordingly

In Clause 9, Measurement uncertainty was newly inserted.

In relation to Clause 9, 3.3 was also added, and the descriptions of Tables 1, 5 and 6 (in 6.2, 7.2 and
8.2 respectively), and 10.2 were amended.

In Annex B, B.2.3 was amended to make the descriptions of measurement surface and the number of
microphone positions consistent with those of International counterpart, ISO 7779.

In Annex C, C.24 Large format printers was newly standardized, with related updates to C.1, C.16 and
C.21. C.21 Multi-function devices (MFD) was renamed to “Multi-function printers (MFP)”, and
mandatory mode of operation was revised, with related updates to C.1. Relating to the above,
distinctions between printing devices C.3, C.16, C.21 and C.24 were improved.

In Annex D, in D.9.7 and D.10.7, NOTES were amended to mention that new metrics proposed by
ECMA TR/108 for detecting prominent discrete tone, (1) total tone-to-noise ratio and (2) total
prominence ratio are under development.

This Ecma Standard was developed by Technical Committee 26 and was adopted by the General
Assembly of June 2019.
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Measurement of Airborne Noise emitted by Information
Technology and Telecommunications Equipment

1 Scope

This Ecma Standard specifies procedures for measuring and reporting the noise emission of information
technology and telecommunications equipment.

NOTE 1  This Standard is considered part of a noise test code (see 3.1.2) for this type of equipment, and is based on
basic noise emission standards (see 3.1.1) ISO 3741, ISO 3744, ISO 3745 and ISO 11201.

The basic emission quantity is the A-weighted sound power level which can be used for comparing equipment
of the same type but from different manufacturers, or for comparing different equipment.

Three basic noise emission standards for determination of the sound power levels are specified in this Ecma
Standard in order to avoid undue restriction on existing facilities and experience. ISO 3741 specifies comparison
measurements in a reverberation test room; ISO 3744 and ISO 3745 specify measurements in an essentially
free field over a reflecting plane. Any one of these three basic noise emission standards can be selected and
used exclusively in accordance with this Standard when determining sound power levels of a machine.

The A-weighted sound power level is supplemented by the A-weighted emission sound pressure level
determined at the operator position or the bystander positions, based on the basic noise emission standard
ISO 11201. This sound pressure level is not a worker's noise immission at a work station (see 3.2.12), but it can
assist in identifying any potential problems that could cause annoyance, activity interference or hearing damage
to operators and bystanders.

Method for determination of whether the noise emission includes prominent discrete tones is specified in
Annex D.

A psychoacoustic tonality calculation method on the identification and evaluation of prominent tonalities is
specified in Annex G (based on the hearing model approach in Annex F). This method complements the
procedures for determining prominent discrete tones contained in Annex D.

This Standard is suitable for type tests and provides methods for manufacturers and testing laboratories to
obtain comparable results.

The methods specified in this Standard allow the determination of noise emission levels for a functional unit
(see 3.1.4) tested individually.

The procedures apply to equipment which emits broad-band noise, narrow-band noise and noise which contains
discrete-frequency components, or impulsive noise.

The sound power levels and emission sound pressure levels obtained can serve noise emission declaration
and comparison purposes (see ECMA-109).

NOTE 2  The sound power levels and emission sound pressure levels obtained are not intended to be considered as
installation noise immission levels; however they can be used for installation planning (see ECMA TR/27116),

If sound power levels obtained are determined for a number of functional units of the same production series,
they can be used to determine a statistical value for that production series (see ECMA-109).

© Ecma International 2019 1
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2 Normative references

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

ECMA-108 Determination of High-frequency Sound Power Levels Emitted by Information Technology and
Telecommunications Equipment

NOTE ISO 92958 is ISO counterpart of ECMA-108. It is noted that, after the revision in 2015, the scope of ISO 9295
covers machinery and equipment in general, not limited to information technology and telecommunications equipment.

ISO 3741  Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Precision methods for reverberation test rooms

ISO 3744  Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Engineering methods for an essentially free field over a reflecting plane

ISO 3745 Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Precision methods for anechoic test rooms and hemi-anechoic test rooms

ISO 6926 Acoustics — Requirements for the performance and calibration of reference sound sources used
for the determination of sound power levels

ISO 10302-1 Acoustics — Method for the measurement of airborne noise emitted and structure-borne vibration
induced by small air-moving devices — Part 1: Airborne noise measurement

ISO 10302-2 Acoustics — Method for the measurement of airborne noise emitted and structure-borne vibration
induced by small air-moving devices — Part 2: Structureborne vibration measurement

ISO 11201 Acoustics — Noise emitted by machinery and equipment — Determination of emission sound
pressure levels at a work station and at other specified positions in an essentially free field over a reflecting
plane with negligible environmental corrections

ISO 11203 Acoustics — Noise emitted by machinery and equipment — Determination of emission sound
pressure levels at a work station and at other specified positions from the sound power level

IEC 60942 Electroacoustics — Sound calibrators

IEC 61183 Electroacoustics — Random-incidence and diffuse-field calibration of sound level meters
IEC 61260-1 Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Specifications
IEC 61672-1 Electroacoustics — Sound level meters — Part 1. Specifications

ISO/IEC 10561:1999 Information technology — Office equipment — Printing devices — Method for
measuring throughput — Class 1 and Class 2 printers

NOTE1  C.3refers to ISO/IEC 10561:1999.

ISO/IEC 11160-1:1996 Information technology — Office equipment — Minimum information to be included
in specification sheets — Printers — Part 1: Class 1 and Class 2 printers

NOTE 2 C.3 refers to ISO/IEC 11160-1:1996.

2 © Ecma International 2019



secma

3 Terms and definitions

For the purposes of this Ecma Standard, the terms and definitions given in ISO 3744, and 1SO 11201, and the
following apply.

NOTE If a definition is identical to that in another standard, that standard and definition number is given in brackets.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
— IS0 Online browsing platform: available at https://www.iso.org/obp

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

3.1 General definitions

3.1.1

basic noise emission standard

B-type standard

standard which specifies a procedure for determining the noise emission of machinery and equipment in such
a way as to obtain reliable, reproducible results with a degree of accuracy

[SOURCE: ISO 12001:1996#], 3.1]

3.1.2

noise test code

C-type standard

standard that is applicable to a particular class, family or type of machinery or equipment which specifies all the
information necessary to carry out efficiently the determination, declaration and verification of the noise emission
characteristics under standardized conditions

[SOURCE: ISO 12001:19968l, 3.2, modified — NOTE 1 to entry was added.]

NOTE 1 to entry: This Standard (ECMA-74) together with ECMA-109*% comprises the noise test code for ITT
Equipment. These Standards are Ecma counterparts of ISO 7779124 and 1SO 9296/, respectively. Both set of noise test
codes (Ecma and ISO) are consistent with guidelines specified in ISO 12001.

3.1.3

information technology and telecommunications equipment

ITT equipment

equipment for information processing, and components thereof, used in homes, offices, server installations,
telecommunications installations, or similar environments

NOTE 1 to entry: Annex C, which specifies particular requirements for use with this Standard, may be useful in
identifying many of the categories of ITT equipment.
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3.14

functional unit

unit of information technology and telecommunications equipment, either with or without its own end-use
enclosure, that is tested or intended to be tested according to the procedures of this Standard

NOTE 1 to entry: A functional unit can comprise more than one unit of ITT equipment when such units are to be tested
together in accordance with the methods of this Standard. A functional unit can also comprise one or more units of ITT
equipment coupled to one or more units of non-ITT equipment, such as power modules, water pumps, or refrigeration units,
when such equipment is necessary for the normal operation of the ITT equipment.

NOTE 2 to entry: Functional units of ITT equipment can take on a wide range of forms, including commercially-available
products, prototype units under development, or sub-assemblies and components thereof.

3.15

work station

operator's position

position in the vicinity of the equipment under test which is intended for the operator

NOTE 1 to entry: Adapted from ISO 11201:2010, 3.11.

NOTE 2 to entry: This term does not refer to a computer “workstation”, which denotes a high-performance, single-user
computer.

3.1.6
operating mode
condition in which the equipment being tested is performing its intended function(s)

3.1.7
idle mode
one or more steady-state conditions in which the equipment being tested is energized but is not operating

3.1.8
floor-standing equipment
functional unit which is intended to be installed on the floor

3.1.9

table-top equipment

functional unit which has a complete enclosure and which is intended to be installed or used on a table, desk or
separate stand

3.1.10
wall-mounted equipment
functional unit which is normally mounted against or in a wall and which does not have a stand of its own

3.1.11

sub-assembly

functional unit, generally without its own end-use enclosure, intended to be installed in another unit of ITT
equipment or assembled together with other sub-assemblies or units of ITT equipment into a single end-use
enclosure

3.1.12

rack-mountable unit

functional unit that is designed to be installed in an end-use enclosure in the form of a rack, frame, or cabinet,
either fully-enclosed, partially-enclosed, or open-frame
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3.1.13
rack-enclosed system
functional unit in the form of a rack, frame, or cabinet containing one or more rack-mountable units

NOTE 1 to entry: Rack-enclosed systems represent a wide variety of ITT equipment, depending on the particular
configuration of the rack-mountable units in the rack or enclosure. These can be server systems, storage systems, /O
systems, networking systems, or “integrated” systems of these or other types of rack-mountable units.

3.1.14
hand-held equipment
functional unit, generally small and lightweight, intended to be supported in one’s hand(s) during operation

3.1.15
standard test table
rigid table having a top surface of at least 0,5 m2 and length of the top plane not less than 700 mm

NOTE 1 to entry: The design for the standard test table is shown in A.1.

3.2 Acoustical definitions

3.2.1

emission

noise emission

airborne sound radiated by a well-defined noise source (e.g. the equipment under test)

NOTE 1 to entry: Noise emission descriptors can be incorporated into a product declaration and/or product
specification. The basic noise emission descriptors are the sound power level of the source itself and the emission sound
pressure levels at an operator position (work station) and/or at bystander positions (if no operator position is defined) in the
vicinity of the source.

3.2.2

sound pressure

Zifference between instantaneous total pressure and static pressure

NOTE 1 to entry: Sound pressure is expressed in pascals.

NOTE 2 to entry: The symbol p for instantaneous sound pressure, is often used without modification to represent a

root-mean-square (RMS) sound pressure.
NOTE 3 to entry: See ISO 80000-8:2007[101 9.2

3.2.3

sound pressure level,

Lp

ten times the logarithm to the base 10 of the ratio of the square of the sound pressure, p, to the square of a
reference value, po

2

_ p
Lp= 10Ig—2 dB
Po
NOTE 1 to entry: Sound pressure level, Ly, is expressed in decibels with a reference value, po, of 20 pPa (20 x 10
Pa).
NOTE 2 to entry: This definition is technically in accordance with ISO 80000-8:2007[10], 8.22.

[ISO/TR 25417:200714, 2.2, modified — NOTES to entry were removed.]
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3.24

time-averaged sound pressure level

prT

ten times the logarithm to the base 10 of the ratio of the time average of the square of the sound pressure, p,
during a stated time interval of duration, T (starting at t1 and ending at t2), to the square of a reference value, po,
expressed in decibels

Lpr =101g| ———— | dB

where the reference value, po, is 20 yPa

NOTE 1 to entry: 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. Lpa1os
denotes the A-weighted time-averaged sound pressure level over 10 s.

NOTE 2 to entry: Lp. can be interpreted as the sound pressure level of a stable and permanent noise that will have the
same average energy as the noise under study.

3.25

emission sound pressure level

LP

sound pressure level at a specified position near a machine, when the machine is in operation under specified
operating and mounting conditions on a reflecting plane surface, but excluding the effects of background noise
as well as the effect of reflections other than those from the plane or planes permitted for the purpose of the
test

NOTE 1 to entry: The emission sound pressure level is expressed in decibels with a reference value, po, of 20 pPa (20
x 106 Pa).
NOTE 2 to entry: Clause 8 specifies the method for determination of emission sound pressure level.

[SOURCE: ISO 11205:20038], 3.6, modified — NOTE 1 to entry was elaborated and NOTE 2 to entry was
added.]

3.2.6

time-averaged emission sound pressure level

LpeqT

emission sound pressure level of a continuous steady sound that, within a measurement time interval, T, has
the same mean-square sound pressure as a sound under consideration which varies with time

T .2
t
L peqr =101g[~ g) dt

OpO

dB

NOTE 1 to entry: The time-averaged emission sound pressure level is expressed in decibels with a reference value, po,
of 20 puPa (20 x 10 Pa).

NOTE 2 to entry: The emission sound pressure level is determined at the specified position(s) required by the noise
test code (i.e. this Standard, for specific families of ITT equipment).

NOTE 3 to entry: Clause 8 of this Standard specifies the method for the determination of time-averaged A-weighted
emission sound pressure level, Lpa, for ITT equipment defined in 3.1.3.
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NOTE 4 to entry: In general, the subscripts “eq” and “T” are omitted since time-averaged emission sound pressure
levels are necessarily determined over a certain measurement time interval.

3.2.7

C-weighted peak emission sound pressure level

LpCpeak

highest instantaneous value of the C-weighted emission sound pressure level determined over an operational
cycle

NOTE 1 to entry: The C-weighted peak sound pressure level is expressed in decibels with a reference value, po, of
20 pPa (20 x 106 Pa).

3.2.8

sound power

P

through a surface, product of the sound pressure, p, and the component of the particle velocity, un, at a point on
the surface in the direction normal to the surface, integrated over that surface

NOTE 1 to entry: Sound power is expressed in watts.
NOTE 2 to entry: The symbol, P, is often used without modification for the mean value (over time) of the sound power.
NOTE 3 to entry: The quantity relates to the rate per unit time at which airborne sound energy is radiated by a source.

[SOURCE: ISO/TR 25417:20071*1, 2.8]

3.2.9

sound power level

Lw

ten times the logarithm to the base 10 of the ratio of the sound power, P, radiated by the sound source under
test to the reference value, Py

2

Ps
NOTE 1 to entry: Sound power level Lw is expressed in decibels with a reference value of 1 pW (1012 W).
NOTE 2 to entry: Clauses 6 and 7 of this standard specify the method for the determination of the A-weighted sound

power level, Lwa, for ITT equipment defined in 3.1.3.
[SOURCE: ISO/TR 25417:2007!1, 2.9, modified — NOTE 2 to entry was added.]

3.2.10

reference sound source

device which is intended for use as a stable source of sound, which has a known, broad-band sound power
spectrum determined in full conformance with ISO 6926 over the frequency range of interest.

3.211
frequency range of interest
range of one-third-octave bands with centre frequencies from 100 Hz to 10 000 Hz inclusive

NOTE 1 to entry: For equipment which emits discrete tone(s) in the 16 kHz octave band, the procedures specified in
ECMA-108 are used; see Table 4.

3.2.12

noise immission at a work station

any noise that arrives, whether or not a worker is present, over a specific time period T, at a measuring point
(work station) in the actual situation; i.e. noise coming from the machine, noise coming from the other sound
sources and noise reflected by the ceiling, the walls and any fittings
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[SOURCE: ISO 11690-1:1996l", 3.3.1, modified — NOTE 1 to entry and the reference to Figure 1b) were
deleted.]

3.3 Definitions related to uncertainty

3.3.1

standard deviation of repeatability

or

standard deviation of noise emission values obtained under repeatability conditions, that is the repeated
application of the same noise emission measurement method on the same noise source within a short interval
of time under the same conditions (same laboratory, same operator, same apparatus)

[SOURCE: ISO 7574-1:19852, 3.16]

3.3.2

standard deviation of reproducibility

ORO

standard deviation of noise emission values obtained under reproducibility conditions, that is the repeated
application of the same noise emission measurement method on the same noise source at different times and
under different conditions (different laboratory, different operator, different apparatus)

NOTE 1 to entry: The standard deviation of reproducibility, therefore, includes the standard deviation of repeatability (see
3.3.1).

NOTE 2 to entry: An estimate of gro to be given in the measurement test code for the family of machines should preferably
be derived from an interlaboratory test. In the absence of such a test, oro may be agreed upon provisionally.

[SOURCE: ISO 7574-1:1985/2], 3.17, modified — The last part of the definition was moved to a new NOTE 1 to
entry and NOTE 1 to entry was renumbered as NOTE 2 to entry.]

3.33
round robin testing
testing of identical materials at different test facilities for the comparison of results

[SOURCE: ISO 14624-3:2005[34, 3.7]

3.34
overage factor
k

numerical factor used as a multiplier of the combined standard uncertainty in order to obtain an expanded
uncertainty

NOTE 1 to entry: A coverage factor is typically in the range from 2 to 3.

[SOURCE: ISO/IEC Guide 98-3:2008(13]]

4 Conformity requirements
Measurements are in conformity with this Standard if they meet the following requirements:

a) the measurement procedures, the installation and the operating conditions specified by this Standard
shall be taken fully into account.

b) for the determination of sound power levels, one (and only one) of the methods specified in Clause 6
or Clause 7 is shall be used.

c) for the determination of emission sound pressure level at the operator or bystander positions, the
method specified in Clause 8 shall be used.
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5 Installation and operating conditions
5.1 Equipment installation

511 General

The equipment shall be installed in accordance with its intended use. Requirements are given in this clause for
general types of equipment. Specific installation conditions for many different categories of ITT equipment are
specified in Annex C, and these shall be followed insofar as they represent the intended use of the equipment.
If the normal installation associated with intended use is unknown or ambiguous or if several possibilities exist,
a representative condition shall be selected for the measurements and reported.

Care shall be taken to ensure that any electrical conduits, piping, air ducts or other auxiliary equipment
connected to the equipment being tested do not radiate significant amounts of sound energy into the test room.
If practicable, all auxiliary equipment necessary for the operation of the equipment shall be located outside the
test room and the test room shall be free from all objects which can interfere with the measurements.

NOTE If the equipment is mounted near one or more reflecting planes, the sound power radiated by the equipment
can depend upon its position and orientation. It is possible that the determination of the radiated sound power is of interest
either for one particular equipment position and orientation or from the average value for several positions and orientations.

5.1.2 Floor-standing equipment

51.2.1 Requirements for reverberation test rooms

Floor-standing equipment (see 3.1.8) shall be located at least 1,5 m from any wall of the room and no major
surfaces shall be parallel to a wall of the reverberation test room.

5.1.2.2 Requirements for hemi-anechoic rooms

Floor-standing equipment (see 3.1.8) shall be installed on the reflecting (hard) floor at a sufficient distance (more
than 2 m, if possible) from the walls, unless otherwise specified in Annex C.

The equipment shall be installed in a way which allows access to all sides except the reflecting plane(s). The
dimensions of the reflecting plane(s) shall extend beyond the test object by at least the measurement distance.
Information on reflection is given in 7.3.1.1, NOTE 1. The plane(s) shall not contribute to the sound radiation
due to their own vibrations.

5.1.2.3 Common requirements

If the equipment being tested consists of several frames bolted together in an installation or is too large for
testing purposes, the frames may be measured separately. In such circumstances, additional covers can be
required for the frames during the acoustical evaluation. These additional covers shall be acoustically
comparable with the other covers on the equipment. If a unit is mechanically or acoustically coupled to another
unit so that the noise emission levels of one are significantly influenced by the other, the equipment being tested
shall, where practicable, include all units coupled together in this way.

Floor-standing equipment which is to be installed only in front of a wall shall be placed on a hard floor in front of
a hard wall (information on reflection are given in 7.3.1.1, NOTE 1). The distance from the wall shall be in
accordance with the manufacturer's instructions or as specified in Annex C. If such information is not available
there, the distance shall be 0,1 m.
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5.1.3 Table-top equipment

5.13.1 Requirements for reverberation test rooms

Table-top equipment (see 3.1.9) shall be placed on the floor at least 1,5 m from any wall of the room unless a
table or stand is required for operation in accordance with Annex C (e.g. printers which take paper from or stack
paper on the floor). Such equipment shall be placed in the centre of the top plane of the standard test table in
accordance with A.1.

5.1.3.2 Requirements for hemi-anechoic rooms

Table-top equipment (see 3.1.9) shall be placed on the floor, unless a table or stand is required for operation in
accordance with Annex C (e.g. printers which take paper from or stack paper on the floor). Such equipment
shall be placed in the centre of the top plane of the standard test table in accordance with A.1. In any case the
measurement surface defined in 7.6 terminates on the floor.

5.1.4 Wall-mounted equipment

Wall-mounted equipment (see 3.1.10) shall be affixed to a wall of the reverberation test room at least 1,5 m
from any other reflecting surface, unless otherwise specified. Alternatively, if operation permits, the equipment
may be laid with its mounting surface on the floor at least 1,5 m (more than 2 m, if possible, in hemi-anechoic
rooms) from any wall of the room.

If the equipment is usually installed by being recessed into a wall or other structure, a representative structure
shall be used for mounting during the measurements and described in the test report.

5.15 Rack-mounted equipment

Rack-mounted equipment includes both individual rack-mountable units (see 3.1.12) and rack-enclosed
systems (see 3.1.13). Rack-mountable units shall either be tested outside of the rack or installed in a rack
enclosure in accordance with the requirements of C.18.2. Rack-enclosed systems shall be tested either as floor-
standing equipment (see 5.1.2) or as table-top equipment (see 5.1.3) in accordance with the type and size of
system. The specific installation and operation requirements of C.18.2 and C.18.3, respectively, shall be
followed.

For rack-enclosed systems that are available in more than one configuration of rack-mountable units, the
particular configuration to be measured is usually governed by the purposes of the test and is thus not specified
in this Standard (see C.18.1 for more information).

5.1.6 Hand-held equipment

Hand-held equipment (see 3.1.14) shall be supported 0,25 m + 0,03 m above the reflecting plane by a vibration-
isolating stand or fixture, or by appropriate vibration-isolating elements. If a hemispherical measurement surface
is used with any radius less than 1 m (see B.1), the hand-held equipment support height shall be reduced to
0,125 m + 0,015 m. The method of supporting the hand-held equipment shall not interfere with the propagation
of airborne sound from the equipment or generate any additional sound radiation.

5.1.7 Sub-assemblies

A sub-assembly (see 3.1.11) shall be supported 0,25 m = 0,03 m above the reflecting plane by a vibration-
isolating stand or fixture, or by appropriate vibration-isolating elements. If a hemispherical measurement surface
is used with any radius less than 1 m (see B.1), the sub-assembly support height shall be reduced to 0,125 m
+ 0,015 m. The method of supporting the sub-assembly shall not interfere with the propagation of airborne sound
from the sub-assembly or generate any additional sound radiation.

If the above-specified support height is not adequate to allow the manufacturer's recommended air flow at the

sub-assembly’s air inlet, the height may be adjusted accordingly but shall not exceed 0,5 m. The new height
shall be documented in the test report.
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5.2 Input voltage and frequency
The equipment shall be operated at its nominal rated voltage and the rated power line frequency.

Phase-to-phase voltage variations shall not exceed 5 %.

5.3 Equipment operation
During the acoustical measurements the equipment shall be operated in a manner typical of normal use.

Annex C specifies such conditions for many categories of equipment and shall be followed. However, if the
specified conditions are clearly contrary to the objective of providing uniform conditions closely corresponding
to the intended use of the product, then an additional mode or modes closely related to the intended use shall
be defined, tested and described in the test report. Any subsequent declaration shall either:

— declare both values, indicating that one is based on Annex C and that the other is declared by the
manufacture to be typical use for intended application; or

— declare only the latter, indicating that it is not based on Annex C but is declared by the manufacturer to be
typical use for intended application.

When there are multiple operating modes specified in Annex C, at a minimum, the most typical operating mode
shall be chosen for the measurement. This mode shall be clearly described in the test report.

The equipment shall be operated for a sufficient period of time before proceeding with the acoustical test to
allow temperature and other pertinent conditions to stabilize.

The noise shall be measured with the equipment in both the idle and operating modes. If the equipment is
designed to perform different functions, such as manual typing and automatic printing of stored information, or
for printing in different print qualities, unless otherwise specified in Annex C, the noise of each individual mode
shall be determined and recorded. For equipment which, in normal functional operation, performs several
operating modes, such as document insertion, reading, encoding, printing and document eject, and for which a
typical operation cycle has not been defined in Annex C, such a typical cycle shall be defined for the
measurements. This mode shall be clearly described in the test report.

For rack-mounted equipment in which the operation of several functional units is possible, the units intended to
operate together shall do so during the test; all other units shall be in idle mode. In the absence of operational
specifications provided by Annex C or by the manufacturer, an operating mode that represents the most typical
usage shall be defined and tested. This mode shall be clearly described in the test report.

Some equipment does not operate continuously because of its mechanical design or its mode of operation
under program control. Long periods can occur during which the equipment is idle. The operating mode
measurements shall not include these idle periods. If it is not possible to operate the equipment continuously
during the acoustical evaluation, the time interval during which measurements have to be made shall be defined
and clearly described in the test plan, equipment specifications or other documentation.

Some equipment has operational cycles that are too short to allow reliable determination of the noise emissions.
In such cases, a typical cycle shall be repeated several times.

If the equipment being tested produces attention signals, such as tones or bells, such intermittent sound shall
not be included in an operating mode. During the acoustical evaluation in the operating mode(s), such attention
signals shall be inoperative or, if this is not possible, they shall be set to a minimum.

NOTE For certain applications, such signals as well as the maximum response of feedback signals of keyboards can
be of interest. Such measurements can be made, but they are not part of the methods specified in this Standard.
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6 Method for determination of sound power levels of equipment in reverberation
test rooms

6.1 General

The method specified in this clause provides a comparison procedure for determination of the sound power
levels of ITT equipment in a reverberation test room, in accordance with the comparison method specified in
ISO 3741. It applies to equipment which radiates broad-band noise, narrow-band noise, noise which contains
discrete frequency components or impulsive noise.

It is strongly recommended that the room be qualified for discrete-frequency components in accordance with

the relevant procedure specified in ISO 3741. This avoids the need to determine the nhumber of microphone
positions and equipment locations each time equipment is measured.

6.2 Measurement uncertainty

Measurements carried out in accordance with this method yield standard deviations of reproducibility for the
frequency range of interest of this Standard which are equal to, or less than, those given in Table 1.

Table 1 — Typical upper bound values of the standard deviation of reproducibility in determining
sound power levels in a reverberation test room in accordance with Clause 6

Octave band One-third-octave band Standard deviation of
centre frequencies centre frequencies reproducibility, aro
Hz Hz dB
125 100 to 160 3,0
250 200 to 315 2,0
500 to 4 000 400 to 5 000 15
8 000 6 300 to 10 000 3,0

NOTE1  For most ITT equipment, the A-weighted sound power level is determined by the sound power levels in the
250 Hz to 4 000 Hz octave bands. The A-weighted sound power level is determined with a standard deviation of
approximately 1,5 dB. A larger standard deviation can result when the sound power levels in other bands determine the
A-weighted sound power level.

NOTE 2  The standard deviations of reproducibility, oro (See 3.3.2), given in Table 1, reflect the cumulative effects of all
causes of measurement uncertainty, including variations from laboratory to laboratory, but excluding variations in the sound
power level from equipment to equipment or from test to test which can be caused, for example, by changes in the installation
or operating conditions of the equipment. In quantitative sense, the repeatability, or (see 3.3.1), of the test results for the
same piece of equipment and the same measurement conditions can be considerably better (i.e. smaller standard
deviations) than indicated by the values given in Table 1.

NOTE 3  If the method specified in this clause is used to compare the sound power levels of similar equipment that are
omnidirectional and radiate broad-band noise, this comparison yields a standard deviation which is less than that given in
Table 1, provided that the measurements are carried out in the same environment.

6.3 Test environment

6.3.1 General

Guidelines specified in ISO 3741 for the design of the reverberation test room, as applicable, shall be used.
Criteria for room absorption and the procedure for room qualifications, specified in ISO 3741 shall be used.

ISO 3741 shall be followed with regard to the following:
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a) testroom volume;
b) level of background noise.

6.3.2 Meteorological conditions
The requirements of ISO 3741 shall be followed.
The following conditions are recommended:

a) ambient pressure: 86 kPa to 106 kPa;

b) temperature: within the range defined by the manufacturer for the equipment, if a range is defined; if no
range is so defined by the manufacturer, the recommended range is 15 °C to 30 °C;

c) relative humidity: within the range defined by the manufacturer for the equipment, if a range is defined; for
processing of paper and card media only, if no range is so defined by the manufacturer, the recommended
range is 40 % to 70 %.

For equipment whose noise emissions vary with ambient temperature in a prescribed manner (e.g. by varying
the speeds of air-moving devices), the room temperature during the measurement shall be 23 °C + 2 °C.

For equipment whose noise emissions vary with altitude in a prescribed manner (e.g. by varying the speeds of
air-moving devices), either the altitude of the test room shall either be less than or equal to 500 m, or the
equipment shall be tested under conditions simulating its operation at an altitude less than or equal to 500 m.

NOTE This variation of speed of air-moving devices does not refer to the changing speed that is already accounted for
in the correction for ambient pressure described in 6.10.1, NOTE.

6.4 Instrumentation

6.4.1 General

The requirements of this subclause (6.4), as well as the instrumentation requirements of 1ISO 3741, shall be
followed.

Digital integration is the preferred method of averaging.

6.4.2 The microphone and its associated cable
The instrument system, including the microphone and its associated cable, shall meet the requirements of

ISO 3741. If the microphone is moved, care shall be exercised to avoid introducing acoustical or electrical noise
(e.g. from gears, flexing cables, or sliding contacts) that could interfere with the measurements.

6.4.3 Frequency response of the instrumentation system

The requirements of ISO 3741 shall be followed.

6.4.4 Reference sound source

The reference sound source shall meet the requirements specified in 1ISO 6926 over the frequency range of
interest.

6.4.5 Filter characteristics

The requirements for an instrument specified in accordance with IEC 61260, class 1 shall be followed.
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6.4.6 Calibration
The microphones shall be calibrated for random incidence as specified in IEC 61183.

Before and after each series of measurements, a sound calibrator meeting the requirements of
IEC 60942, class 1 shall be applied to each microphone to verify the calibration of the entire measuring system
at one or more frequencies within the frequency range of interest. Without any further adjustment, the difference
between the readings made before and after each series of measurements shall be less than or equal to 0,5 dB.
If this value is exceeded, the results of the series of measurements shall be discarded.

NOTE A “series” of measurements does not require that this verification be conducted “daily”. Other methods for
checking the calibration of the measurement system to insure this requirement will be met can be available. For example,
see JBMIA-TR-28[18],

The calibration of the sound calibrator, the compliance of the instrumentation system with the requirements of
IEC 61672-1, the compliance of the filter set with the requirements of IEC 61260-1 and, if used, the compliance
of the reference sound source with the requirements of 1ISO 6926 shall be verified at intervals in a laboratory
making calibrations traceable to appropriate standards preferably by meeting the requirements of
ISO/IEC 17025112,

The sound calibrator should be calibrated at intervals not exceeding 1 year, the reference sound source should
be calibrated at intervals not exceeding 2 years, the compliance of the instrumentation system with the
requirements of IEC 61672-1 should be verified at intervals not exceeding 2 years, and the compliance of the
filter set with the requirements of IEC 61260-1 should be verified at intervals not exceeding 2 years.

6.5 Installation and operation of equipment: General requirements

See Clause 5.
6.6 Microphone positions and source locations

6.6.1 General

The major cause of uncertainty in determining sound power level in a reverberation test room is the spatial
irregularity of the sound field. The extent of this irregularity and, hence, the effort required to determine the time-
averaged sound pressure level accurately are greater for discrete-frequency sound than for broad-band sound.

It is strongly recommended that the room be qualified for the measurement of discrete-frequency components
in accordance with the relevant procedures of ISO 3741. This avoids the need to determine the number of
microphone positions and equipment locations each time equipment is measured.

If the room has not been qualified for the measurement of discrete-frequency components, the procedures
specified in ISO 3741 shall be used to determine the minimum number of microphone positions and to evaluate
the need for additional noise source locations prior to each measurement. The results of these procedures
depend on the presence or absence of significant discrete-frequency components or narrow bands of noise in
the sound emitted by the source. When these are present, the number of microphone positions and equipment
locations may be large.

6.6.2 Number of microphone positions, reference sound source locations and equipment locations

The requirements of ISO 3741shall be followed.

6.6.3 Microphone arrangement

The requirements of ISO 3741shall be followed.
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6.7 Measurement of sound pressure level

6.7.1 General
The requirements of ISO 3741 shall be followed, as applicable.

NOTE Depending on the purposes of the test, it may be the case that one or more repeated measurements are taken
for either the sound pressure levels of the reference sound source (see 6.8) or the source under test (see 6.9), or both.
Provided that each of the measurements in the repeated set represent identical conditions for the reference sound source
or the source under test, and that they are each valid measurements in accordance with the requirements of this Standard,
the arithmetic average of the measured sound pressure levels, in decibels, should be taken as the measurement result from
this clause.

6.7.2 Measurement time interval

The requirements below in addition to those of ISO 3741 shall be followed, as applicable.

For equipment which performs repetitive operation cycles (e.g. enveloping machines), the measurement time
interval shall include at least three operation cycles. For equipment which performs a sequence of varying

operation cycles, the measurement time interval shall include the total sequence. Annex C specifies additional
requirements for many categories of equipment.

6.7.3 Corrections for background noise
The requirements of ISO 3741 shall be followed, as applicable.

NOTE When the background noise levels in the test room are extremely low and very controlled, it is possible that the
environment satisfies the absolute and/or relative criteria for background noise in accordance with 1ISO 3741.

6.8 Measurement of the sound pressure level of the reference sound source
The requirements below in addition to those of ISO 3741 shall be followed.

For the purposes of determining the sound power level of the equipment by means of reverberation test rooms,
this Standard uses exclusively the comparison method specified in ISO 3741. This method has the advantage
that it is not necessary to measure the reverberation time of the test room. The comparison method requires
the use of a reference sound source with characteristics and calibration in accordance with 1SO 6926 and for
which the sound power levels have been determined in full conformance with ISO 6926 over the frequency
range of interest (see 3.2.12). The reference sound source shall be operated, as described in its calibration
chart, in the presence of the equipment being tested and in the presence of the operator, if required to operate
the equipment.

6.9  Calculation of the mean time-averaged band sound pressure levels

The requirements of ISO 3741 shall be followed.
6.10 Determination of sound power level

6.10.1  Calculation of band sound power levels

The sound power level, under reference meteorological conditions, of the equipment in each one-third-octave
band within the frequency range of interest (see 3.2.11) is obtained by using the comparison method of ISO
3741.

NOTE The procedures in 1ISO 3741 are used to determine the sound power level under reference meteorological
conditions (ambient pressure 1,013 25 x 10° Pa, temperature 23,0 °C, relative humidity 50 %).
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The sound power level in the k-th octave band, Lwoct, k in decibels, if needed, shall be based on one-third-octave
band data, and calculated from:

& 0Lz, j
Lwoctk =10lg Z 10

J=3k-2 dB (1)
where

k is an identification number of octave band within the frequency range of interest (see Table 2);
Lwasa, j is the sound power level in the j-th one-third-octave band, in decibels (see Table 3);

j is an identification number lying within the range of (3k — 2) and 3k, which identifies the three one-third-
octave bands which make up the k-th octave band.

6.10.2 Calculation of A-weighted sound power level

The A-weighted sound power level, Lwa in decibels shall be based on the frequency range of interest, and
calculated as per Formula (2):

21
Lwa =101g> 10 0Lz +Aj)

dB (2)
j=1
where
Lwys,j is the sound power level, in decibels, in the j-th one-third-octave band,;
A is the A-weighting value corresponding to the j-th one-third-octave band (see Table 3);
j is an identification number of a one-third-octave band within the frequency range of interest
(see Table 3).
NOTE Formulae (1) and (2), as well as Tables 2 and 3, are intended for common use for not only Clause 6, but also
Clause 7.
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Table 2 — Identification number, k for octave bands

Octave-band centre frequency
Hz

~N o o b~ W N R

125

250

500
1 000
2000
4 000
8 000
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Table 3 — Values of A-weighting, Aj, for one-third-octave bands

f One-third-octave-band IA-weighting

centre frequency A

Hz dB
1 100 —19,1
2 125 — 16,1
3 160 —13,4
4 200 —10,9
5 250 — 8,6
6 315 — 6,6
7 400 4.8
8 500 - 3,2
9 630 —1,9
10 800 —0,8
11 1 000 0,0
12 1250 0,6
13 1 600 1,0
14 2 000 1,2
15 2 500 1,3
16 3 150 1,2
17 4 000 1,0
18 5 000 0,5
19 6 300 —0,1
20 8 000 —1,1
21 10 000 —2,5

Some ITT equipment emits high-frequency noise in the 16 kHz octave band. Depending upon the nature of

noise emissions, Table 4 shows how to handle each situation.

For the determination of A-weighted sound power levels from band levels, this Standard does not extend the

frequency range of interest to include the 16 kHz octave band.

18
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For equipment which emits discrete tone(s) in the 16 kHz octave band, each frequency and level of the tone(s)
that is (are) within 10 dB of the highest tone level in the band shall be determined in accordance with the
procedures specified in ECMA-108 (see Table 4). The derived levels are not frequency weighted.

CAUTION  The 16 kHz octave band contribution is not included in the determination of the A-weighted level.

Table 4 — Type of noise and determination of sound power levels

Type of noise in the frequency range of the
octave bands centred at Sound power level to be determined

125 Hz to 8 kHz 16 kHz

No significant noise IA-weighted level (consisting of contribution from 125 Hz to
8 kHz octave bands) in accordance with this Standard

Broad-band noise A-weighted level (consisting of contribution from 125 Hz to
8 kHz octave bands) in accordance with this Standard and
one-third-octave-band sound power levels in 16 kHz octave
band in accordance with the procedure of ECMA-108

Broad-band orDiscrete tone IA-weighted level (consisting of contribution from 125 Hz to
narrow-band noise 2 8 kHz octave bands) in accordance with this Standard and
the level and frequency of the discrete tone in accordance
with ECMA-108

Multiple tones IA-weighted level (consisting of contribution from 125 Hz to
8 kHz octave bands) in accordance with this Standard and
the levels and frequencies of all tones in the 16 kHz octave
band that are within 10 dB of the highest tone level in the
band in accordance with ECMA-108

Discrete tone Level and frequency of the discrete tone in the 16 kHz octave
band in accordance with ECMA-108

No significant noise ° . . .
g Multiple tones Levels and frequencies of all tones in the 16 kHz octave band

that are within 10 dB of the highest tone level in the band in
accordance with ECMA-108

2 For noise in 125 Hz to 8 kHz octave bands, sound power level in one-third-octave bands and in octave bands may also
be reported.

b A significant noise contribution not within the 125 Hz to 8 kHz octave band lies outside the scope of this Standard; in|
that case, only ECMA-108 is applicable.

7 Method for determination of sound power levels of equipment under essentially
free-field conditions over a reflecting plane

7.1  General

The method specified in this clause provides a direct procedure for determination of the sound power levels of
ITT equipment using essentially free-field conditions over a reflecting plane as specified in 1SO 3744 or
ISO 3745. It applies to equipment which radiates broad-band noise, narrow-band noise, noise which contains
discrete frequency components or impulsive noise.

The measurement shall be carried out in an environment qualified in accordance with ISO 3744 or ISO 3745.
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7.2 Measurement uncertainty

Measurements carried out in accordance with this method yield standard deviations of reproducibility for the
frequency range of interest of this Standard which are less than or equal to those given in Table 5.

Table 5 — Typical upper bound values of the standard deviation of reproducibility in determining
sound power levels in a free field over a reflecting plane in accordance with Clause 7

Octave band One-third-octave band Standard deviation of
centre frequencies centre frequencies reproducibility, oro
Hz Hz dB
125 100 to 160 3,0
250 to 500 200 to 630 2,0
1 000 to 4 000 800 to 5 000 15
8 000 6 300 to 10 000 2,5

NOTE 1  For most ITT equipment, A-weighted sound power level is determined by the sound power levels in the 250 Hz
to 4 000 Hz octave bands. The A-weighted sound power level is determined with a standard deviation of approximately
1,5 dB. A larger standard deviation can result when the sound power levels in other bands determine the A-weighted sound
power level.

NOTE 2  The standard deviations of reproducibility, oro (see 3.3.2), given in Table 5, reflect the cumulative effects of all
causes of measurement uncertainty, including variations from laboratory to laboratory but excluding variations in the sound
power level from equipment to equipment or from test to test which can be caused, for example, by changes in the installation
or operating conditions of the equipment. In quantitative sense, the repeatability, or (see 3.3.1), of the test results for the
same piece of equipment and the same measurement conditions can be considerably better (i.e. smaller standard
deviations) than the uncertainties given in Table 5 indicate.

NOTE 3  If the method specified in this clause is used to compare the sound power levels of similar equipment that are

omnidirectional and radiate broad-band noise, this comparison yields a standard deviation which is less than that given in
Table 5, provided that the measurements are carried out in the same environment.

7.3 Test environment
7.3.1 Essentially free field over areflecting plane

7.3.1.1 General

The test environment shall provide an essentially free field over a reflecting plane. Criteria for suitable test
environments are defined in ISO 3744 and 1SO 3745.

NOTE1 A plane (floor, wall) is considered to be reflecting (hard) if its absorption coefficient « is less than 0,06 over the
frequency range of interest (e.g. concrete floor: « < 0,01, plastered wall: « ~0,04, tiled wall: « ~0,01).

NOTE 2 It is ideal for the test environment (an essentially free field over a reflecting plane, such as a hemi-anechoic
room) to be qualified in accordance with the latest edition of ISO 3744 and/or ISO 3745 as applicable. In practice, however,
in case of the existing test environment, it will take some years (so called, transition period) to complete the re-qualification
testing according to applicable updated standards. Such a testing can be needed for test laboratories which meet the
requirements of ISO/IEC 17025012,

7.3.1.2 Qualification in accordance with ISO 3744

For test environments qualified in accordance with ISO 3744, the environmental correction, Kz, shall be equal
to or less than 2 dB in each one-third octave band over the frequency range of interest.
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The above requirement for K2 may not be achievable in all frequency bands, even if the test environment is
suitable for determining A-weighted sound power levels. Therefore, if the A-weighted sound power level is to
be determined from one-third-octave band levels, the following steps shall be followed to determine whether
this quantity meets the environmental correction criteria of this Standard:

a) the A-weighted sound power level is computed in accordance with the procedures in ISO 3744 using
the data from every one-third-octave band within the frequency range of interest and corrected for Kz
using the values determined from Annex A in ISO 3744 even when those values exceed Kz = 2,0 dB;

b) the computation is repeated, but excluding those bands for which Kz exceeds 2 dB.

If the difference between these two levels is less than 0,5 dB, the A-weighted sound power level determined
from the data for all bands can be considered as conforming to the test environmental correction criteria of this
Standard.

7.3.1.3 Qualification in accordance with 1ISO 3745

For test environments qualified in accordance with ISO 3745, the environmental correction, Kz is assumed to
be 0 dB in each one-third octave band over the frequency range of interest. The above requirement for
gualification in accordance with ISO 3745 may not be achievable in all frequency bands, even if the test
environment is suitable for determining A-weighted sound power levels. Therefore, if the A-weighted sound
power level is to be determined from one-third-octave band levels, the following steps shall be followed to
determine whether this quantity meets the environmental qualification criteria of this Standard:

a) the A-weighted sound power level is computed in accordance with the procedures in ISO 3744 using the
data from every one-third-octave band within the frequency range of interest for which the chamber
gualifies in accordance with ISO 3745;

b) the computation is repeated, but excluding those bands for which the chamber does not qualify in
accordance with 1ISO 3745.

If the difference between these two levels is less than 0,5 dB, the A-weighted sound power level determined
from the data for all bands can be considered as conforming to the test environmental qualification criteria of
this Standard.

7.3.2 Meteorological conditions
The requirements of ISO 3744 as applicable shall be followed.
The following conditions are recommended:

a) ambient pressure: 86 kPa to 106 kPa;

b) temperature: within the range defined by the manufacturer for the equipment, if a range is defined; if no
range is so defined by the manufacturer, the recommended range is 15 °C to 30 °C;

c) relative humidity: within the range defined by the manufacturer for the equipment, for processing of paper
and card media only, if no range is so defined by the manufacturer, the recommended range is 40 % to
70 %.

For equipment whose noise emissions vary with ambient temperature in a prescribed manner (e.g. by varying
the speeds of air-moving devices), the room temperature during the measurement shall be 23 °C + 2 °C.

For equipment whose noise emissions vary with altitude in a prescribed manner (e.g. by varying the speeds of
air-moving devices), either the altitude of the test room shall be less than or equal to 500 m, or the equipment
shall be tested under conditions simulating its operation at an altitude less than or equal to 500 m.

NOTE This variation of speed of air-moving devices does not refer to the changing speed that is already accounted for
in the correction for ambient pressure specified in 7.9.1.
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7.4 Instrumentation

7.4.1 General
The requirements of 7.4, as well as the instrumentation requirements of ISO 3744 or ISO 3745, shall be followed.

Digital integration is the preferred method of averaging.

7.4.2 The microphone and its associated cable

The instrument system, including the microphone and its associated cable, shall meet the requirements of
ISO 3744 or ISO 3745, as applicable. If the microphone is moved, care shall be exercised to avoid introducing
acoustical or electrical noise (e.g. from wind, gears, flexing cables or sliding contacts) that could interfere with
the measurements.

7.4.3 Frequency response of the instrumentation system

The requirements of ISO 3744 or ISO 3745, as applicable, shall be followed.

7.4.4 Reference sound source

The reference sound source shall meet the requirements specified in ISO 6926 over the frequency range of
interest.

7.4.5 Filter characteristics

The requirements for an instrument specified in accordance with IEC 61260-1, class 1 shall be followed.

7.4.6 Calibration

Before and after each series of measurements, a sound calibrator meeting the requirements of IEC 60942, class
1 shall be applied to each microphone to verify the calibration of the entire measuring system at one or more
frequencies within the frequency range of interest. Without any adjustment, the difference between the readings
made before and after each series of measurements shall be less than or equal to 0,5 dB. If this value is
exceeded, the results of the series of measurements shall be discarded.

NOTE A “series” of measurements does not require that this verification be conducted “daily”. Other methods for
checking the calibration of the measurement system to insure this requirement will be met can be available. For example,
see JBMIA-TR-28118],

The calibration of the sound calibrator, the compliance of the instrumentation system with the requirements of
IEC 61672-1, the compliance of the filter set with the requirements of IEC 61260-1 and, if used, the compliance
of the reference sound source with the requirements of ISO 6926 shall be verified at intervals in a laboratory
making calibrations traceable to appropriate standards preferably by meeting the requirements of
ISO/IEC 17025 12,

The sound calibrator should be calibrated at intervals not exceeding 1 year, the reference sound source should
be calibrated at intervals not exceeding 2 years, the compliance of the instrumentation system with the

requirements of IEC 61672-1 should be verified at intervals not exceeding 2 years, and the compliance of the
filter set with the requirements of IEC 61260-1 should be verified at intervals not exceeding 2 years.

7.5 Installation and operation of equipment: General requirements

See Clause 5.
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7.6 Measurement surface and microphone positions

7.6.1 General

Except as specified in Annex B, the requirements of ISO 3744 or ISO 3745 shall be followed as applicable. For
most ITT equipment, the preferred measurement surface is hemispherical. If a hemispherical surface is used,
then one of the following shall be applied:

a) B.1;
b) relevant annex of ISO 3745; or
c) relevant annex of ISO 3744 (but, with a minimum of five different microphone heights) .

However, for equipment with tall aspect ratios, such as equipment racks, frames, or cabinets, the cylindrical
measurement surface specified in B.2 may be preferred. For sources which have a relatively large foot print,
the parallelepiped measurement surface can be more practical than a hemispherical. The conditions of Clause
5 above shall however be followed. The number and location of the microphone positions shall be as specified
in ISO 3744 or ISO 3745, as applicable, except as specified in Annex B of this Standard.

In some cases, e.g. when small equipment emits very low-level noise, it can be helpful to use a hemispherical
measurement surface with a smaller radius. For such situations, B.1 defines measurement conditions with a
hemisphere radius less than 1 m, but at least 0,5 m.

In order to facilitate the location of the microphone positions, a hypothetical reference surface is defined. This
reference surface, or “reference box”, is the smallest possible rectangular box (i.e. rectangular parallelepiped)
that just encloses the equipment and terminates on the reflecting plane(s). It has length 11, width I2 and height
Is. Elements protruding from the equipment being tested which are unlikely to contribute to the noise emission
may be disregarded. The microphone positions lie on the measurement surface, a hypothetical surface of area
S, which envelops the equipment as well as the reference box and terminates on the reflecting plane.

The location of the equipment being tested, the measurement surface and the microphone positions are defined
by a co-ordinate system with horizontal axes x and y in the ground plane parallel to the length and width of the
reference box and with the vertical axis z passing through the geometric centre of the reference box. The x axis
points towards the front of the equipment. The position of the origin for the coordinates of the microphone
positions is:

a) for floor-standing equipment: on the floor in the centre of the plane of the reference box which is coplanar
with the room floor;

b) for table-top equipment on a table or on the floor: as for a);

c) for wall-mounted equipment: in the centre of that plane of the reference box which is coplanar with the
mounting surface;

d) for rack-mounted equipment: as for a);

e) for hand-held equipment: as for a);

f) for sub-assemblies: as for a).

NOTE For fixed microphone arrays, either a single microphone can be moved from one position to the next sequentially

or a number of fixed microphones can be used and their outputs sampled sequentially or simultaneously. Alternatively, a
continuous microphone traverse can be used as specified in ISO 3744.

Near air exhausts, the microphone position shall be selected in such a way that the microphone is not exposed
to the air stream, otherwise a windscreen shall be used.
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The microphones shall be oriented in such a way that the angle of sound incidence is the same as the angle for
which the microphone has the most uniform frequency response as specified by the manufacturer. For most
practical cases this will be an orientation towards the origin of the co-ordinate system on the floor.

7.6.2 Microphone positions on the measurement surface

Except as stated in the next paragraph, microphone positions shall meet the requirements of ISO 3744 or
ISO 3745, as applicable, including the requirements for additional microphone positions and for the reduction
in the number of microphone positions, where applicable.

If large equipment is to be measured in small rooms providing free-field conditions over a reflecting plane in
accordance with ISO 3745, it can be easier to place the equipment not in the centre of the room but closer to a
corner and to arrange the microphone positions in the free field of the room. The equipment should be turned
around so that noise radiation from the different sides of the machine can be determined sequentially.

7.7 Measurement of sound pressure levels

7.7.1 General

Measurements of the sound pressure levels shall be carried out in accordance with ISO 3744 or ISO 3745 and
with the following requirements.

Measurements of the sound pressure level shall be carried out at the microphone positions specified in 7.6 with
A-weighting and/or for each frequency band within the frequency range of interest, if required.Record:

— the A-weighted sound pressure levels and/or the one-third-octave band sound pressure levels, for the
specified modes of operation of the equipment;

— the A-weighted sound pressure levels and/or the one-third-octave band sound pressure levels of the
background noise (including noise from support equipment).

When using a sound level meter, the person reading the meter shall not disturb the sound field at the microphone.

NOTE Depending on the purposes of the test, it may be the case that one or more repeated measurements are taken
for the source under test. Provided that each of the measurements in the repeated set represent identical conditions for the
source under test, and that they are each valid measurements in accordance with the requirements of this Standard, the
arithmetic average of the measured sound pressure levels, in decibels, should be taken as the measurement result from
7.7.

7.7.2 Measurement time interval

The requirements below, in addition to those of ISO 3744, shall be followed, as applicable.

For equipment which performs repetitive operational cycles (e.g. enveloping machines), the measurement time
interval shall include at least three operational cycles. For equipment which performs a sequence of varying

operational cycles, the measurement time interval shall include the total sequence. Annex C specifies additional
requirements for many types of equipment.

7.7.3 Corrections for background noise
The requirements of ISO 3744 shall be followed, as applicable.

NOTE When the levels of the background noise in the test room are extremely low and very controlled, it is possible
that the environment satisfies the absolute and/or relative criteria for background noise in accordance with ISO 3744.
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7.8  Calculation of surface time-averaged sound pressure level

Calculation of surface time-averaged sound pressure level over the measurement surface shall be in
accordance with the relevant procedure of ISO 3744. This includes corrections for background noise, K1, and
test environment, K. For hemi-anechoic rooms meeting the qualification requirements of 1ISO 3745, no Kz
correction is applied.

7.9 Determination of sound power levels

79.1 Calculation of band time-averaged sound power levels

When band data are required, the sound power level, under reference meteorological conditions, of the
equipment in each one-third-octave band within the frequency range of interest shall be based on the surface
time-averaged sound pressure level and determined in accordance with the procedure of ISO 3744.

NOTE The procedures given in ISO 3744 is used to determine the sound power level under reference meteorological
conditions (ambient pressure 1,013 25 X 10° Pa, temperature 23,0 °C, relative humidity 50 %).

The sound power level in the k-th octave band, Lwoct, «, in decibels, if needed, shall be based on one-third-octave
band data, Lwus, j, and calculated from Formula (1).

7.9.2 Calculation of A-weighted sound power level

For the purposes of this Standard, the A-weighted sound power level, Lwa, in decibels, under reference
meteorological conditions, can be derived either directly from A-weighted sound pressure levels, or by
calculation from one-third-octave-band data using the A-weighting values for each band in accordance with the
procedures of ISO 3744.

NOTE The procedures given in ISO 3744 are used to determine the sound power level under reference meteorological
conditions (ambient pressure 1,013 25 x 10° Pa, temperature 23,0 °C, relative humidity 50 %).

In the latter case, the A-weighted sound power level, Lwa, in decibels, shall be based on the frequency range of
interest, and calculated from Formula (2).

Some ITT equipment emits high-frequency noise in the 16 kHz octave band. Depending upon the nature of
noise emissions, Table 4 shows how to handle each situation.

For the determination of A-weighted sound power levels from band levels, this Standard does not extend the
frequency range of interest to include the 16 kHz octave band.

For equipment which emits discrete tone(s) in the 16 kHz octave band, each frequency and level of the tone(s)
that is (are) within 10 dB of the highest tone level in the band shall be determined in accordance with the
procedures specified in ECMA-108 (see Table 4). The derived levels are not frequency weighted.

CAUTION — The 16 kHz octave band contribution is not included in the determination of A-weighted level.

8 Method for determination of emission sound pressure levels at defined operator
and bystander positions

8.1 General

The method specified in this clause defines the conditions for determination of the emission sound pressure
levels of ITT equipment at the work station (operator position) and, if there is no operator position, at the
bystander positions in an essentially free field over a reflecting plane in accordance with ISO 11201, accuracy
grade 2 (engineering method). It applies to equipment which radiates broad-band noise, narrow-band noise,
noise which contains discrete frequency components, or impulsive noise.
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NOTE The determination specified in this clause is historically based on the engineering method.

Table C.1 identifies whether the types of equipment identified in Annex C shall be measured at the operator
position or bystander positions. If the equipment under test is not specifically included in Annex C (or in
Table C.1), the requester of the test shall specify whether or not the equipment is considered operator-attended.
If so, an operator position shall be defined in accordance with 8.6.2; if not, bystander positions shall be defined
in accordance with 8.6.3.

This determination does not apply to sub-assemblies. However, where desired for sub-assemblies, determine
an emission sound pressure level from a previously obtained sound power level using Q =Q:=8dB in
accordance with ISO 11203. This value of Q corresponds to a radial distance of 1 m from a small sub-assembly
radiating hemispherically; for uniformity this value of Q is applicable to all sub-assemblies. Optionally, actual
emission sound pressure levels may be determined at operator or bystander positions, as described in the
following.

Determination of whether the noise at the operator position or at the bystander positions contains prominent
discrete tones is specified in Annex D. The method is applicable to both ITT equipment and sub-assembilies.

Determination of whether the noise at the operator position or at the bystander positions contains prominent
tonalities is specified in Annex G based on the hearing model approach in Annex F. The method is applicable
to both ITT equipment and sub-assemblies.

8.2 Measurement uncertainty

Measurements carried out in accordance with this method yield standard deviations of reproducibility for the
frequency range of interest of this Standard which are equal to, or less than, those given in Table 6.

Table 6 — Typical upper bound values of the standard deviation of reproducibility in determining
emission sound pressure level at the operator and bystander positions in an essentially free field over
areflecting plane in accordance with Clause 8

Octave-band centre
frequencies

One-third-octave-band
centre frequencies

Standard deviation of
reproducibility, oro

Hz Hz dB

125 100 to 160 3,0

250 to 500 200 to 630 2,0
1 000 to 4 000 800 to 5 000 15
8 000 6 300 to 10 000 2,5

NOTE 1 For most ITT equipment, the A-weighted emission sound pressure level is determined by the emission sound
pressure levels in the 250 Hz to 4 000 Hz octave bands. The A-weighted emission sound pressure level is determined with
a standard deviation of approximately 1,5 dB. A larger standard deviation can result when the emission sound pressure
levels in other bands determine the A-weighted emission sound pressure level.

NOTE 2 In free-field conditions over a reflecting plane, the standard deviations of reproducibility, oro (see 3.3.2), given
in Table 6, reflect the cumulative effects of all causes of measurement uncertainty, including variations from laboratory to
laboratory, but excluding variations in the emission sound pressure level from equipment to equipment or from test to test
which can be caused, for example, by changes in the installation or operating conditions of the equipment. In quantitative
sense, the repeatability, or (see 3.3.1), of the test results for the same piece of equipment and the same measurement
conditions can be considerably better (i.e. smaller standard deviations) than indicated by the values given in Table 6.

NOTE 3  Ifthe method specified in this clause is used to compare the emission sound pressure levels of similar equipment
that are omnidirectional and radiate broad-band noise, this comparison yields a standard deviation which is less than that
given in Table 6, provided that the measurements are carried out in the same environment.
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8.3 Test environment

8.3.1 General

The measurements shall be carried out in a qualified environment in accordance with ISO 11201, accuracy
grade 2 (engineering method). For convenience, the measurements may be carried out in conjunction with those
performed in accordance with Clause 7.

CAUTION — Installation conditions are not always identical between Clause 7 and Clause 8.

8.3.2 Meteorological conditions
The requirements of ISO 11201, accuracy grade 2 (engineering method) shall be followed.
The following conditions are recommended:

a) ambient pressure: 86 kPa to 106 kPa;

b) temperature: within the range defined by the manufacturer for the equipment, if a range is defined; if no
range is so defined by the manufacturer, the recommended range is 15 °C to 30 °C;

c) relative humidity: within the range defined by the manufacturer for the equipment, if a range is defined,;
for processing of paper and card media only, if no range is so defined by the manufacturer, the
recommended range is 40 % to 70 %.

For equipment whose noise emissions vary with ambient temperature in a prescribed manner (e.g. by varying
the speeds of air-moving devices), the room temperature during the measurement shall be 23 °C + 2 °C.

For equipment whose noise emissions vary with altitude in a prescribed manner (e.g. by varying the speeds of
air-moving devices), either the altitude of the test room shall be less than or equal to 500 m, or the equipment
shall be tested under conditions simulating its operation at an altitude less than or equal to 500 m.

NOTE This variation of speed of air-moving devices does not refer to the changing speed that is already accounted for
in the correction for ambient pressure described in the 8.8.1, NOTE.

8.4 Instrumentation

Instrumentation shall meet the requirements of 1ISO 11201, accuracy grade 2 (engineering method) and the
additional requirements of 7.4.

8.5 Installation and operation of equipment

Equipment shall be installed and operated in accordance with the requirements of Clause 5 except for hand-
held and table-top equipment.

Hand-held equipment shall be installed so that the equipment is flat on a standard test table, with the front edge
of the device aligned with the front edge of the table. Hand-held equipment may be optionally isolated from the
surface by a small number of elastomeric feet, approximately 12 mm high.

Table-top equipment shall be installed centred on a standard test table, unless otherwise specified in Annex C.
Any table-top equipment combination which includes a keyboard shall be installed such that the smallest
rectangle in the plane of the table and encompassing the keyboard and other units is centred on the top of the
standard test table or as specified in Annex C. Any table-top equipment combination which normally is operated
with a detachable keyboard but which is tested without the keyboard shall be centred on the test table as in the
preceding sentence and as if the keyboard were present, unless otherwise specified in Annex C.

For optional measurement of sub-assemblies intended for use in table-top products, install the sub-assembly in
the centre of a standard test table and isolated from the surface by a small number of elastomeric feet,
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approximately 12 mm high. For optional measurement of sub-assemblies intended for use in other enclosures
or racks, install the sub-assembly as specified in 5.1.7.

8.6  Microphone positions
8.6.1 General

8.6.2 and 8.6.3 specify the ways to define operator and bystander positions, respectively.

For equipment already standardized, Annex C specifies which position(s) is (are) applicable to each category.

NOTE These requirements are in accordance with, but more specific than, those of 1ISO 11201, accuracy grade 2
(engineering method).

8.6.2 At the operator position(s)

One or more operator positions shall be specified for equipment which requires operator attention while in the
operating mode.

For equipment which is operated from a standing position, the microphone shall be located 1,50 m £ 0,03 m
above the floor [see Figure 1 a), position P1].

For equipment which is operated from a seated position, the microphone shall be located 1,20 m + 0,03 m above
the floor [see Figure 1 b) or c), position P2 or P3].

The horizontal distance from the reference box shall be 0,25 m + 0,03 m, unless this distance is not
representative of the operator position; in the latter case, the representative operator position shall be described
and used.

For table-top equipment which normally has a detachable keyboard and which is tested without the keyboard
(e.g. a desk-top personal computer or a video display unit that is tested without a keyboard), the distance from
the front end of the reference box, for purposes of determining the operator position, shall be 0,50 m + 0,03 m
[see Figure 1d), position P4].

For optional measurement of sub-assemblies intended for use in equipment with a defined operator position,
the above position shall be used for the sub-assembly measurement (i.e. 0,25 m + 0,03 m if table-top equipment
does not have a detachable keyboard, and 0,50 m = 0,03 m otherwise from front of reference box, and
1,20 m £ 0,03 m above the reflecting plane).

During this measurement the operator should be absent, if possible, or move aside, so that he/she can still
operate the equipment but does not significantly disturb the sound field around the microphone.

For hand-held equipment, the microphone shall be located 1,0 m = 0,03 m above the floor, and the horizontal
distance from the reference box shall be 0,125 m + 0,01 m [see Figure 1e), position P5].

NOTE If the sound pressure level at the operator position is measured on operator-attended equipment, then
measurement of sound pressure level at a bystander position is not required.

8.6.3 At the bystander positions

For equipment which does not require operator attention while in the operating mode, an operator position may
not be specified. In this case, at least four bystander positions shall be selected and specified to determine the
mean emission sound pressure level (see 8.8.3). For reporting and/or declaration purposes, this mean value is
applicable, rather than the value at each bystander position.

The bystander positions shall be at a horizontal distance of 1,00 m + 0,03 m from the sides of the reference box
and at a vertical distance of 1,50 m + 0,03 m above the floor. The four preferred bystander positions are centred
horizontally at the front, rear, right and left sides of the reference box. If the length of any side of the reference
box exceeds 2,0 m, additional bystander positions at 1,0 m intervals should be used. For wall-mounted
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equipment or for equipment placed against the wall, the three preferred bystander positions are centred at the
front, right, and left sides of the reference box.

For optional measurement of sub-assemblies intended for use in equipment which does not require operator
attention while in the operating mode, install the sub-assembly in accordance with 5.1.7, define the reference
box and apply the provisions of the preceding two paragraphs to define the bystander positions.

8.6.4 Microphone orientation

The microphones shall be oriented in such a way that the angle of sound incidence is the same as the angle for
which the microphone has the most uniform frequency response. For most practical cases, the primary sound
source is assumed to be either 30° or 45° below horizontal (see Figure 1).

Dimensions in metres
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Figure 1 — Examples of microphone positions for standing and seated operators
8.7 Measurement of sound pressure levels

8.7.1 General

Measurements of the sound pressure level required by this clause shall be carried out at the microphone
positions specified in 8.6 with A-weighting and/or for each frequency band within the frequency range of interest.
Record:

a) the A-weighted sound pressure levels and/or the one-third-octave band sound pressure levels, for the
specified modes of operation of the equipment;

b) the A-weighted sound pressure levels and/or the one-third-octave band sound pressure levels of the
background noise (including noise from support equipment).

When using a sound level meter, the person reading the meter shall not disturb the sound field at the microphone.

If spatial fluctuations occur, due to interferences or standing waves, it is recommended that the microphone be
moved by approximately 0,1 m in a vertical plane around the nominal measurement position, and the average
sound pressure level recorded.

In order to obtain the emission sound pressure level at a specified position, only background noise corrections
K1 (Kia for A-weighted sound pressure level) shall be applied to the measured sound pressure level, in
accordance with the procedure of ISO 11201, accuracy grade 2 (engineering method) (see 8.7.3.);
environmental corrections, Kz (Kza for A-weighted sound pressure level) shall not be applied.

NOTE 1 Determination of whether the noise emission at the operator position or at the bystander positions contains
prominent discrete tones is specified in Annex D. Determination of whether the noise at the operator position or at the
bystander positions contains prominent tonalities is specified in Annex G based on the hearing model approach in Annex F.

Measurements of the C-weighted peak emission sound pressure level, Lycpeak, Shall be carried out at the
microphone positions specified in 8.6 if any of the C-weighted peak sound pressure levels at the specified
positions exceeds 120 dB.

NOTE 2  Some regulations require declaration of C-weighted peak emission sound pressure levels greater than 130 dB.
Contemporary ITT equipment is unlikely to emit C-weighted peak emission sound pressure levels (Lpcpeak) greater than
120 dB, which is set in this Standard as a conservative threshold above which measurement and reporting are required.

NOTE 3  Depending on the purposes of the test, it may be the case that one or more repeated measurements are taken
for the source under test. Provided that each of the measurements in the repeated set represent identical conditions for the
source under test, and that they are each valid measurements in accordance with the requirements of this Standard, the
arithmetic average of the measured sound pressure levels, in decibels, should be taken as the measurement result of this
clause.
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8.7.2 Measurement time interval

The measurement time interval shall be as specified in 7.7.2.

8.7.3 Corrections for background noise
The requirements of ISO 11201, accuracy grade 2 (engineering method) shall be followed.

NOTE When the background noise levels in the test room are extremely low and very controlled, it is possible that the
environment satisfies the absolute and/or relative criteria for background noise in accordance with ISO 11201, accuracy
grade 2 (engineering method).

8.8 Determination of emission sound pressure levels

8.8.1 Calculation of band emission sound pressure levels

The emission sound pressure level, under reference meteorological conditions, of the equipment in each one-
third-octave band within the frequency range of interest (see 3.2.11) is obtained by using the procedure of
ISO 11201, accuracy grade 2 (engineering method).

NOTE The procedures given in 1ISO 11201 are used to determine the emission sound pressure level under
reference meteorological conditions (ambient pressure 1,013 25 x 10° Pa, temperature 23,0 °C, relative
humidity 50 %).

The emission sound pressure level in the k-th octave band, Lyoct, k in decibels, if needed, shall be based on one-
third-octave band data, and calculated as per Formula (3):

3k
Lpocik =101g > 10w
j=3k-2 dB 3)

where
k is an identification number of an octave band within the frequency range of interest (see Table 2);
Lpws,j is the emission sound pressure level, in decibels in the j-th one-third-octave band (see Table 3);

j is an identification number lying within the range of (3k — 2) and 3k, and which identifies the three one-
third-octave bands which make up the k-th octave band.

8.8.2 Calculation of A-weighted emission sound pressure levels from band levels

For the purpose of this Standard, A-weighted emission sound pressure levels, Lya, in decibels, can be derived
either directly from A-weighted sound pressure level, or by calculation from one-third-octave band data using
the A-weighting values for each band in accordance with the procedures of ISO 11201, accuracy grade 2
(engineering method).

NOTE The procedures in ISO 11201 are used to determine the emission sound pressure level under reference
meteorological conditions (ambient pressure 1,013 25 x 10° Pa, temperature 23,0 °C, relative humidity 50 %).

In the latter case, the A-weighted emission sound pressure level, Lpa, in decibels, shall be based on the
applicable frequency range of interest, and calculated as per Formula (4):

21
L o = 101> 10%Hwusi*Ai)
= dB @)

where
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Lpwsj is the emission sound pressure level, in decibels, in the j-th one-third-octave band,;

A is the A-weighting value corresponding to the j-th one-third-octave band from Table 3;

j is an identification number of one-third-octave band within the frequency range of interest.

Some ITT equipment emits high-frequency noise in the 16 kHz octave band. Depending upon the nature of
noise emissions, Table 4 shows how to handle each situation. For the purposes of Clause 8, “sound power level”
or “level” in Table 4 shall be replaced by “emission sound pressure level’. The derived levels are not frequency

weighted.

For the determination of A-weighted emission sound pressure levels from band levels, this Standard does not
extend the frequency range of interest.

For equipment which emits discrete tone(s) in the 16 kHz octave band, each frequency and level of the tone(s)
that is (are) within 10 dB of the highest tone level in the band shall be determined in accordance with the
procedures specified in ECMA-108 (see Table 4).

CAUTION — The 16 kHz octave-band contribution is not included in the determination of the A-weighted level.

8.8.3 Calculation of the mean emission sound pressure level at the bystander positions
If bystander positions are defined, the mean A-weighted emission sound pressure level, Lya, and the mean band

emission sound pressure levels, L,, in decibels (reference: 20 uPa), if required, at bystander positions defined
in 8.6.3, shall be calculated as specified in Formula (5):

N
1 0L
Ly =lOIg{N§ 10 p'}
~

dB (5)
where
Lpi is the band emission sound pressure level, in decibels (reference: 20 pPa), resulting from measurement
at the i-th bystander position;
N is the number of bystander positions.

For the A-weighted emission sound pressure level, the symbols L, and Ly are replaced by Loa and Lpai,
respectively.

9 Measurement uncertainty

The uncertainties of sound power levels, u(Lw), in decibels, and emission sound pressure levels, u(Lp), in decibels,
determined in accordance with this Standard are estimated by the total standard deviation, ott, in decibels, as given in
Formulae (6) and (7):

u(LW)zGtOt (6)

“(Lp)z"tot

()

This total standard deviation is obtained by using the modelling approach described in ISO/IEC Guide 98-33l. This requires
a mathematical model, which in case of lack of knowledge, can be replaced by results from measurements, including results
from round robin testing.

The guidance on the development of information on measurement uncertainty contained in the relevant clauses of ISO 3741,
ISO 3744 and ISO 11201 (only engineering method), as applicable, can be used for this Standard.
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In this context, the total standard deviation, otot, is expressed by the standard deviation of reproducibility of the method, oro,
in decibels, and the standard deviation, gomc, in decibels, describing the uncertainty due to the instability of the operating
and mounting conditions of the equipment under test in accordance with Formula (8):

2 2
Otot =\ORO T Oomc . (8)

For determination of the total standard deviation, see Table 7.

Table 7 — Parameters to determine the total standard deviation, oy

Measurement Quantity to be Standard deviation of | Uncertainty due to the instability of the
method determined reproducibility, oro | operating and mounting conditions of
the equipment under test, gomc

Clause 6 Sound power level See Table 12 See relevant clause and annex of
ISO 3741
Clause 7 Sound power level See Table 52 See relevant clause and annex of
ISO 3744 or ISO 3745, as applicable
Clause 8 Emission sound See Table 62 See relevant clause and annex of
pressure level ISO 11201 (engineering method only)

@ For details of the values of Tables 1, 5 and 6, see Reference [19].

If the uncertainty of measurement is to be reported, the expanded measurement uncertainty, U, in decibels, can be
calculated from ot as per Formula (9):

U=ko )

The value of U depends on the degree of confidence that is desired. In general, it is 95 %, and the practical examples are
as follows:

— For anormal distribution of measured values, there is 95 % confidence that the true value lies within
the range (Lw — U) to (Lw + U) [or (Lp — U) to (Lp + U)]. This corresponds to a coverage factor of k = 2.

— Ifthe purpose of determining the sound power level or emission sound pressure level is to compare
the result with a limit value, it can be more appropriate to apply the coverage factor for a one-sided
normal distribution. In that case, the coverage factor k = 1,6 corresponds to a 95 % confidence level.

NOTE For each quantity to be determined (see Table 9), the details of determination of the value of U (including
statistical concepts, such as confidence level, coverage factor, normal distribution, etc.) are explained in each of the relevant
clause and annex of the basic noise emission standards (i.e. ISO 3741, ISO 3744, ISO 3745 or ISO 11201), as applicable.

10 Information to be recorded and reported
10.1 Information to be recorded

10.1.1  General

The information specified in 10.1.2 to 10.1.5 shall be recorded, when applicable. In addition, any deviation from
any requirement in this noise test code or from the basic noise emission standards (i.e. ISO 3741 for Clause 6,
ISO 3744 or ISO 3745 as applicable for Clause 7, or ISO 11201 for Clause 8) upon which it is based shall be
recorded together with the technical justification for such deviation.

All requirements for recording and reporting specified in the basic noise emission standards are also
requirements of this Standard. That is, the requirements below are necessary but not sufficient.
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10.1.2

Equipment under test

The following information shall be recorded:

a)

b)

c)
d)
e)
f)
)

h)

a description of the equipment under test (including main dimensions; name, model and serial number
of each unit; name, model and serial number of noise-producing components and sub-assemblies in
the equipment under test);

a complete description of the idle and operating modes, including operating speed, data medium used
and the test programme in terms that are meaningful for the type of equipment being tested,;

a complete description of the installation and mounting conditions;

the location of the equipment in the test environment;

the location and functions of an operator, if present;

the nominal power line frequency, in hertz (e.g. 50 Hz), and the measured power line voltage, in volts;
a sample of typical hardcopy output of the product being tested, which, when applicable, should be
filed as part of the recorded data;

a statement as to whether the noise emission depends on room temperature, if kKnown.

The following information is given for recording the time signal.

For each operating mode, for the operator position (if defined), otherwise for the bystander position (if defined)
with the highest A-weighted sound pressure level, the time signal of sound pressure may be recorded, of at
least the measurement time interval specified in 8.7.2, with relevant information of the name of the product, the
test mode, the microphone position, and the A-weighted sound pressure level of the signal. Dolby?! or other

digital

noise reduction features shall not be used. This Standard does not require that a separate calibration

signal be recorded. The bias information used in recording shall be filed with the time signal data.

10.1.3

Acoustical environment

The following information shall be recorded.

a)
1)

2)
3)
4)
b)
1)

2)

3)

c)

If the sound power level is determined in accordance with Clause 6 (ISO 3741):

a description of the test room, including dimensions, shape, surface treatment of the walls, ceiling and
floor; a sketch showing location of source and room contents;

a description of diffusers, or rotating vanes, if any;

qualification of reverberation test room in accordance with 1ISO 3741,

the air temperature, in degrees Celsius, relative humidity, as a percentage, and ambient pressure in
kilopascals.

If the sound power level is determined in accordance with Clause 7 (ISO 3744 or ISO 3745):

a description of the acoustical environment, if indoors, the size and acoustic characteristics of the
room, including absorptive properties of the walls, ceiling and floor; a sketch showing the location of
the equipment under test;

environmental corrections, Kz, resulting from the acoustical qualification of test environment in
accordance with the relevant procedure of ISO 3744, unless the environment has been qualified in
accordance with 1ISO 3745 - in the case of compliance with ISO 3745, this fact should be stated;

the air temperature, in degrees Celsius, relative humidity, as a percentage, and ambient pressure, in
kilopascals.

For emission sound pressure level at the operator and bystander positions in accordance with
Clause 8 [ISO 11201, accuracy grade 2 (engineering method)]:

1

Dolby is an example of a suitable product available commercially. This information is given for the

convenience of users of this Standard and does not constitute an endorsement by Ecma of this product.
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NOTE 1

The type of information below is the same as for sound power level determination, just described, but the values

can differ from those recorded for sound power level. If the information recorded for sound power level determination in
accordance with the preceding paragraph is applicable here, it is sufficient to so note in the test file.

1)

2)

NOTE 2

a description of the acoustical environment, if indoors, the size and acoustic characteristics of the
room, including absorptive properties of the walls, ceiling and floor; a sketch showing the location of
the equipment under test;

environmental corrections, Kz, resulting from the acoustical qualification of test environment in
accordance with the relevant procedure of ISO 3744, unless the environment has been qualified in
accordance with 1ISO 3745; in the case of conformance with ISO 3745, this fact should be stated;

Environmental corrections Kz are not intended to be used to modify the measured values but is included as part

of the test record as an indication of the quality of the measurement.

3)

10.1.4

the air temperature in degrees Celsius, relative humidity as a percentage, and ambient pressure in
kilopascals.

Instrumentation

The following information shall be recorded:

a)
b)

c)
d)
e)
f)
1

2)

10.1.5

equipment used for the measurements, including name, type, serial number and manufacturer;
bandwidth of frequency analyser [including a digital Fast Fourier Transform (FFT) analyser, if used in
Annex DJ;

frequency response of the instrumentation system;

method used for daily checking of the calibration of the microphones and other system components;
the date and place of any required periodic calibrations;

the test method used for determination of:

the mean time-averaged sound pressure level in accordance with ISO 3741; or the surface
time-averaged sound pressure level in accordance with ISO 3744,

the mean value of the emission sound pressure level at the operator or bystander positions, as
applicable, in accordance with 1ISO 11201;

Acoustical data

The following information shall be recorded.

a)
1)

2)
3)
4)
5)

6)

7

If the sound power level is determined in accordance with Clause 6 (ISO 3741):

location and orientation of the microphone traverse (path) or array (a sketch should be included if
necessary);

the corrections, if any, in decibels, applied in each frequency band for the frequency response of the
microphone, frequency response of the filter in the passband, background noise, etc.;

the values of the difference between the sound power and sound pressure levels produced by the
reference sound source (Lwr — L), in decibels, as a function of frequency;

the band pressure level readings, in decibels, to at least the nearest 0,1 dB (preferred), or 0,5 dB
(required) for the calculations in accordance with ISO 3741;

the sound power levels in decibels (reference: 1 pW) in octave and/or one-third-octave bands,
tabulated or plotted, rounded to the nearest 0,1 dB (preferred), or 0,5 dB (required);

the sound power level in decibels (reference: 1 pW), under reference meteorological conditions, in
octave and/or one-third-octave bands, tabulated or plotted to the nearest 0,1 dB (preferred) or 0,5 dB
(required);

the A-weighted sound power level in decibels (reference: 1 pW) rounded to the nearest 0,1 dB
(preferred) or 0,5 dB (required);
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8)
9)

b)
1)

2)
3)

4)

5)

6)

7)

8)
9)

the A-weighted sound power level in decibels (reference: 1 pW), under reference meteorological
conditions, rounded to the nearest 0,1 dB (preferred) or 0,5 dB (required);

the date, time and place that the measurements were carried out, and the name of the person who
carried out the measurements.

If the sound power level is determined in accordance with Clause 7 (ISO 3744):

the shape of the measurement surface, the measurement distance, the location and orientation of
microphone positions (including both key microphone positions and additional ones, if required) or
paths used plus, if traversing microphones were used, the maximum traversing speed along a path
and microphone orientation;

the area, S, in square metres, of the measurement surface;

the corrections, if any, in decibels, applied in each frequency band for the frequency response of the
microphone, and the frequency response of the filter in the passband,;

the background noise correction, K1 (A-weighted or in frequency bands), for the surface
time-averaged sound pressure levels;

the background noise level measured at each point and the average background sound pressure
levels;

the environmental corrections, Kz (A-weighted and in frequency bands), and the method by which
they were determined in accordance with one of the procedures of ISO 3744;

the A-weighted surface time-averaged sound pressure level and the band surface time-averaged
sound pressure level, L, for each frequency band of interest, rounded to the nearest 0,1 dB

(preferred) or 0,5 dB (required);

the sound pressure levels, Ly (A-weighted or in frequency bands), at each measuring point, i;

the A-weighted sound power level, Lwa, and the band sound power level, L, for each frequency band
of interest, rounded to the nearest 0,1 dB (preferred) or 0,5 dB (required);

10) the A-weighted sound power level, Lwa, and the band sound power level, Lw, under reference

meteorological conditions, for each frequency band of interest, rounded to the nearest 0,1 dB
(preferred) or 0,5 dB (required);

11) the date, time and place that the measurements were carried out, and the name of the person who

c)

1)
2)

3)

4)
5)

6)

carried out the measurements.

For emission sound pressure levels at the operator or bystander positions, as applicable, in
accordance with Clause 8 [ISO 11201, accuracy grade 2 (engineering method)]:

the measurement positions and microphone orientations (preferably including a sketch);

if an operator position is defined in accordance with 8.6.2, the A-weighted emission sound pressure
level Lpa, the band emission sound pressure levels, if required, and the C-weighted peak emission
sound pressure level, Lycpeak, if greater than 120 dB, measured at the operator position(s), for both
the idle and operating modes, in decibels, rounded to the nearest 0,1 dB (preferred) or 0,5 dB
(required);

if bystander positions are defined in accordance with 8.6.3, the A-weighted emission sound pressure
levels at the bystander positions, the mean A-weighted emission sound pressure level Lpa, and the
mean band emission sound pressure levels, if required, calculated in accordance with 8.8.3 and the
C-weighted peak emission sound pressure level Lycpeak, if greater than 120 dB (see NOTE 2 to 8.7.1)
at the bystander position with the highest A-weighted emission sound pressure level, for both the idle
and operating modes, in decibels, rounded to the nearest 0,1 dB (preferred) or 0,5 dB (required);

all emission sound pressure levels, in decibels, under reference meteorological conditions;
optionally, the frequency, in hertz, of any prominent discrete tones identified in accordance with the
procedures of Annex D and the value of the tone-to-noise ratio ALt and/or prominence ratio ALp as
applicable, in decibels, associated with that prominent discrete tone, or the frequency, in Hertz, of
prominent tonalities identified in accordance with the procedures of Annex G and the corresponding
psychoacoustic tonality value;

A-weighted background noise levels and background noise correction, Kia, at each specified position,
and as required, background noise levels and correction, Ki, in frequency bands;
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7

the date, time and place where the measurements were carried out, and the name of the person who
carried out the measurements.

10.2 Test report

The test report shall contain at least the following information:

a)

b)

c)

d)

f)

a)

h)

NOTE 1

A statement of whether the sound power levels and the emission sound pressure levels at operator or
bystander positions, as applicable, have been obtained in full conformity with the procedures specified
in this Standard, i.e. ECMA-74:2019, and ISO 3741, 1SO 3744 or ISO 3745, as applicable, and

ISO 11201. Any deviation from any requirement of these International Standards shall be reported,
together with the technical justification for such deviation;

A statement that these sound power levels are expressed in decibels (reference: 1 pW) rounded to
the nearest 0,1 dB (preferred) or 0,5 dB (required) and that these emission sound pressure levels are
expressed in decibels (reference: 20 uPa), rounded to the nearest 0,1 dB (preferred) or 0,5 dB
(required);

A statement that “Measured values in this report are for use in planning or in determining declared
values. They are not to be confused with the declared values”.

The name(s) and model number(s) of the equipment under test;

The A-weighted sound power level, Lwa, under reference meteorological conditions, in decibels, for
the idle mode and the operating mode(s) (reference: 1 pW).

The sound power levels, Lw, under reference meteorological conditions, in decibels, in octave or one-
third-octave bands, if required, for the idle mode and the operating mode(s); the bandwidth used shall
be stated (reference: 1 pW);

If an operator position is defined in accordance with 8.6.2, the A-weighted emission sound pressure
level, Lya, and if required, the band emission sound pressure levels, under reference meteorological
conditions, in decibels (reference: 20 puPa), at the operator position(s) for the idle and operating
modes;

If bystander positions are defined in accordance with 8.6.3, the mean A-weighted emission sound
pressure level, Lya, and, if required, the mean band emission sound pressure levels in decibels
(reference: 20 pPa), under reference meteorological conditions, at the positions specified in 8.6.3
around the equipment for the idle and operating modes;

A detailed description of operating and installation conditions of the equipment being tested with
reference to the specific subclause of Annex C (including publication date and edition), if applicable
(e.g. “operating and installation conditions in accordance with C.20 of ECMA-74:2019, 16" edition”). If
additional, or substitute, operating conditions or operating modes have been defined in accordance
with 5.3, these shall be clearly described in the report.

For each of the reported sound power levels or emission sound pressure levels, respectively, if the
uncertainty of measurement is required, the corresponding expanded measurement uncertainty can
be reported according to Formula (9).

To avoid confusion between emission sound pressure level in decibels (reference: 20 uPa) and sound power

levels in decibels (reference: 1 pW), sound power level can be expressed in bels, using the identity 1 bel = 10 decibels.

NOTE 2

For the determination of declared noise emission values for ITT equipment in accordance with ECMA-109 a

positive number is added to the average measured value in decibels of sound power level based on statistical considerations
to account for both random measurement errors and production variations; the sum is divided by 10 and expressed in bels.

Information in a) to j) may be supplemented by one of the following statements, which describe the character of
the noise as determined in accordance with Annex D:

1)
2)
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Items 1) and 2) shall be supplemented with a statement of the method used to identify prominent discrete tones.
Additional statements on the character of the noise in accordance with Annex G may also be given:

a) no prominent tonalities;
b) prominent tonalities

NOTE 3  Some regulations require the reporting of the C-weighted peak emission sound pressure level if greater than
130 dB.
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Annex A
(normative)

Test accessories

A.1 Standard test table

The design for the standard test table is shown in Figure A.1. The top of the table shall be bonded laminated
wood, 0,04 m to 0,10 m thick, having a minimum area of 0,5 m? and lateral dimensions 0,75 m - 0,05 m/+ 0.03 m.
The height of the table shall be 0,75 m + 0,03 m. The table may have a slot in its top plate to allow paper to be
inserted for printers which feed the paper from underneath their bottom cover. A slot 0,015 m by 0,400 m in
lateral dimensions has been found practical for most printer paper.

| N
l |‘ 0,75 m '| L
oo04r00rom| | | [ | [ [ [ [ [ [[]]{] ] ]]] 1
t B _
Legs & braces:
screwed &
bonded
0,75 m
— — —
1 JR—

Isolating /ﬁ

pads

97-0036-A

Figure A.1 — Standard test table

Dimensions in metres
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A.2 Typing robot

The typing robot shall be designed to operate a keyboard in the manner specified in this Standard. The robot
here described uses eight solenoids, each being individually adjustable to operate one of the selected keyboard
keys.

The requirements for this robot are:

a) the noise of the robot shall meet the requirements for background noise of this Standard;

b) the stroke of each solenoid plunger shall fully release the key in its upper position and push it
completely down to its stop; a total stroke of 6 mm to 7 mm should be sufficient for most types of
keyboards including typewriters;

c) the electrical input signal shall be a rectangular pulse of 50 ms duration, and of adjustable amplitude;

d) the solenoid characteristics shall provide an increasing force during key-down motion, as shown in
Figure A.2 — a suitable design is shown in Figure A.3;

e) the plunger mass shall be 20 g £ 1 g; its end shall be soft (e.g. closed-cell foam, 40 Shore A).

A complete operation of a single key includes the following three steps, which are shown in Figure A.4:

a) Home position
The plunger rests under its own weight with its soft end on the key.

b) Key operation
When excited by the solenoid, the plunger pushes the key down until it has reached its stop position. The
adjustment of the solenoid should give a plunger clearance of 1 mm; an appropriate mark at the upper plunger
end will facilitate this adjustment;

c) Keyreturn

The plunger is returned only by the key spring. The plunger return stop shall be soft and allow a maximum
overshoot of 0,5 mm; the plunger returns to its home position, resting on the key.

NOTE The specification is based on the design of the robot described in Reference [21].
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Figure A.2 — Solenoid characteristics for a plunger stroke of 4 mm
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Figure A.4 — Individual steps of the solenoid operation
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Annex B
(normative)

Measurement surfaces

B.1 Hemispherical measurement surface

Refer to 1SO 3744 for the requirements for microphone locations and geometry of the hemispherical
measurement surface and microphone array, supplemented by the following additional conditions:

a) When using fixed microphone positions, the microphone positions given in ISO 3744 for sources
emitting discrete tones shall be used for all sources. The co-ordinates for this array are reproduced in
Table B.1;

b) When using the coaxial circular paths arrangement specified in ISO 3744, it is recommended that a
minimum of 10 heights be used.

Other acceptable alternatives are described in the relevant annexes of ISO 3745.

Table B.1 — Co-ordinates of microphone positions for equipment emitting discrete tones

Position xIr ylr zIr
1 0,16 - 0,96 0,22
2 0,78 - 0,60 0,20
3 0,78 0,55 0,31
4 0,16 0,90 0,41
5 - 0,83 0,32 0,45
6 - 0,83 - 0,40 0,38
7 - 0,26 - 0,65 0,71
8 0,74 - 0,07 0,67
9 - 0,26 0,50 0,83

10 0,10 - 0,10 0,99

For the purpose of this Standard, for small equipment which emits very low level noise, a hemispherical
measurement surface with a radius less than 1 m, but at least 0,5 m, may be used, provided that the reduced
radius is greater than or equal to twice the characteristic source dimension (specified in ISO 3744). If the radius
is reduced below 1 m, the lower end of the frequency range of interest becomes higher. To minimize the near
field effects, the 0,5 m radius would have a corresponding lower frequency limit of approximately 172 Hz (based
on a requirement of one-quarter of the wavelength of sound at the lowest frequency of interest). Additional
information is given in References [22], [23] and [24].
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B.2 Cylindrical measurement surface

B.2.1 General

Figure B.1 illustrates the cylindrical measurement surface, having microphones located along the side and top
of the cylinder. The cylinder shall be centred around the reference box with the centre of the cylinder’s base
corresponding to the centre of the reference box base. The dimensions of the reference box, Iz, I2, and Iz, and
the reference distances to the cylinder, di, d2, and d3 are as shown. For the purposes of this annex, the
dimensional labels shall be assigned so that l1 > I2.

B.2.2 Selection of size of cylindrical measurement surface

The microphone positions lie on the measurement surface, a hypothetical cylindrical surface enveloping the
source and having a total area S equal to the sum of the area of the top circular surface, Swp, and the area of
the side vertical surface, Sside are given by Formulae (B.1) to (B.3):

S= Stop + Sside (Bl)

Stop = TR2 (B.2)

Sside = 27RH (B.3)
where

R is the radius of the cylinder, given by Formula (B.4)

R=1/2+d1=1/2+d> (B.4)
H is the height of the cylinder, given by Formula (B.5)

H=ls+ds. (B.5)
Due to the fact that the microphones are associated with unequal sub-areas, both d; and d; may be selected
arbitrarily based on the size of the equipment under test or other considerations. It is recommended that both
of these be set to the same value, preferably 1 m, but neither shall be less than 0,5 m. Furthermore, none of

the distances di, dz, or ds shall be greater than 1,5 times either of the others (e.g. this condition is met for d1 and
d2 provided d1 2 I1 — I2). With d3 and d; selected, H and R are defined and d2 defaults to

d2=R = 12/2. (B.6)
In certain cases, such as for large machines where |1 and Iz are of the same magnitude, the side microphones
can pass too close to the machine during their traverse even when the above constraints are met. In view of

this, the radius, R, shall be large enough such that the side microphones remain more than 0,25 m from any
corner of the reference box.
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B.2.3 Selection of microphone positions on the cylindrical measurement surface

The microphones on the cylindrical measurement surface are associated with unequal sub-areas, as described
in the following. The microphones are located along the top circular and side vertical measurement surfaces of
the cylinder and may either sweep out continuous paths (circular traverses) along these measurement surfaces
or be located at fixed positions on equally spaced “slices” of the cylindrical vertical surface. It is recommended
that continuous paths be used for the microphones for sources emitting steady noise. Fixed microphone
positions shall be used when the source emits non-steady noise. However, for either steady or non-steady noise,
if fixed microphone positions are used to sample over the circular traverses, at least 12 equally spaced angular
positions (i.e., at 30° spacing or less) shall be used, starting from an initial angular position perpendicular to one
of the sides of the reference box. The traverses may be implemented by either rotating the microphones,
keeping the source stationary, or rotating the source, keeping the microphones stationary. When fixed
microphone positions are used, the number of angular positions may be reduced if preliminary investigations
for a particular family of noise sources show that the surface sound pressure levels determined using the
reduced number of positions deviate by no more than 0,5 dB from those using the complete set of positions.
This can be practical, for example, when the pattern of sound emission from the source is symmetrical.

The following requirements govern the number of side microphones, Nside, the number of top microphones, Niop,
and the associated sub-areas:

a) Nsige > H / Ho (B.7)
where Ho is set to 0,5 m to achieve adequate vertical sampling by limiting the spacing to 0,5 m or less.

b) Nsige > 4 (B.8)

¢) Niop > R/Ro (B.9)
where Ro is set to 0,5 m to achieve adequate radial sampling by limiting spacing to 0,5 m or less.

d) Niop > 2. (B.10)

The vertical side microphones are associated with equal sub-areas, Si, where S; = Sside / Nsige, and positioned
such that the i-th microphone is at a height, from the floor, h;, given by Formula (B.11):

L _(-12H
I Gt ~00 1)
Nside (B.11)

The mean time-averaged sound pressure level over the side vertical measurement surface, Lp, side IS given
by Formula (B.12):
Nside

Z 10011Lp, side, i J dB

side j=1

Lp, side = 10'9[
(B.12)

where Lpsidei is the frequency-band time-averaged sound pressure level, in decibels, measured along the i-th
microphone traverse or at the i-th microphone position on the side surface.

The top microphones are associated with unequal sub-areas, S;j, and are spaced equally along the radius of the
top circular measurement surface. The outer radius of the j-th sub-area is given by Formula (B.13):

Rj = jR/Nyop (B.13)

and the position of each top microphone is given by Formulae (B.14) and (B.15):
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rj =Rjq+(Rj-Rjy)/2 forj>1 (B.14)
and
r1= R1/2 (815)

The mean time-averaged sound pressure level over the top circular surface is given by Formula (B.16):

1\ 0Ly top, i
I-p,top=:|-0|9 ZSjlo ~-ptop i | 4B
top j=
" (B.16)
where

Lowop,; IS the frequency-band time-averaged sound pressure level, in decibels, measured along the j-th
microphone traverse or at the jth microphone position on the top circular measurement surface.

Swp IS the total area of the top circular measurement surface.

S =;;(RJ-2_RJ-2,1) forj>1 (B.17)

S1=7R{ (B.18)

Figure B.2 illustrates an example of the cylindrical microphone array for five vertical side microphones and four
top microphones.

B.2.4 Calculation of the mean time-averaged sound pressure level over the cylindrical
measurement surface

The mean time-averaged sound pressure level from the array of microphones over the cylindrical measurement
surface, for the chosen mode of operation of the equipment under test, is given by Formula (B.19):

L_p = 10|g%|:5t0p100’1 p.top Ssideloo'll-p,side :| dB

(B. 19)

where S, Lp,top and Lpside are given by Formulae (B.1), (B.16) and (B.12), respectively.

NOTE1  The quantity Lp above is equivalent to the quantity L,p(ST) in ISO 3744; i.e. the quantity that is subsequently
corrected for background noise and the test environment before computing the surface time-averaged sound pressure level.

NOTE 2  Additional details about the cylindrical measurement surface can be found in References [25], [26] and [27].
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1 to 6 side microphone paths

7 to 9 top microphone paths

10  reference box

11  reflecting plane

dy, d2, d3 reference distances to the cylinder
H cylinder height

1, 12, I3 reference box dimensions

R cylinder radius

Figure B.1 — Example 1: Illustration of the cylindrical measurement surface and circular microphone
traverses showing the arrangement using six side microphones and three top microphones.
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Figure B.2 — Example 2: Illustration of the cylindrical measurement surface and microphone array
showing an arrangement using five side microphones and four top microphones.
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Annex C
(normative)

Installation and operating conditions
for specific equipment categories

C.1 General

This annex specifies installation and operating conditions for many specific categories of Information
Technology and Telecommunication (ITT) equipment. During testing of such equipment, the specified conditions
shall be satisfied in order to be in compliance with this Standard. In general, the conditions specified in this
annex are considered to be typical of average end use. Because the noise emission levels of the equipment
covered by this annex may vary significantly depending on how the equipment is installed and operated during
the tests, the primary purpose of specifying the installation and operating conditions is to ensure that the
acoustical measurements are taken uniformly across different laboratories testing the same type of equipment.
Reported noise emission levels for ITT equipment measured in compliance with this Standard may then be
compared or otherwise assessed without having to know the specific details of the installation and operating
conditions used during the tests.

For categories of equipment not covered in this annex, the actual installation and operating conditions used
during the test shall be described and justified (e.g., as to their representation of typical operating conditions)
and test conditions used shall be described and justified (e.g., as to their representation of typical operating
conditions) in the test report.

The operating conditions are strictly the same for the determination of both sound power levels and emission
sound pressure levels at specified positions (see Clause 3 for definitions of these quantities).

The following categories of equipment are included:
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Cc.2
C3
C4
C5
C.6
Cc.7
(O]
C.9
C.10
c1
C.12
C.13
Cc.14
C.15
C.16
c.17
C.18
C.19
C.20
c.21
C.22
C.23
C.24

Typewriters

Character- and line-printers

Teleprinters

Keyboards

Copiers (duplicators)

Card readers and card punches

Magnetic tape units

Disk units and storage sub-systems

Visual display units and terminals

Electronic units

Microform readers

Facsimile machines (Telecopiers) and page scanners
Cheque processors

Personal computers and workstations

Page printers

Self-service automatic teller machines
Rack-mountable units and rack-enclosed systems
CD- and DVD-ROM drives

Data projectors

Multi-function printers (MFP)

Hand-held computing and media playback devices

Digital media recorders and playback units for consumer use

Large format printers

For equipment capable of performing the functions of more than one category, for example printing and facsimile

transmission, see 5.3.

When emission sound pressure level information is needed for the above categories of equipment, Table C.1
shall be used to determine whether an operator position or bystander positions measurements are required.
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Table C.1 — Equipment measurement position(s) for the determination of emission sound pressure

level
Equipment categories Operator Bystander
position positions

C.2 Typewriters X
C.3 Character- and line-printers X
C4 Teleprinters X
C5 Keyboards X
C.6 Copiers (duplicators) X
C.7 Card readers and card punches X
C.8 Magnetic tape units X
C9 Disk units X

Storage sub-systems X
C.10 | Visual display units and terminals X
C.11 | Electronic units X
C.12 | Microform readers X
C.13 | Facsimile machines (Telecopiers) and X

page scanners
C.14 | Cheque processors X
C.15 | Personal computers and workstations X
C.16 | Page printers X
C.17 | Self-service automatic teller machines X
C.18 | Rack-mountable units and rack- X

enclosed systems
C.19 | CD- and DVD-ROM drives

- In case of use in end use equipment X
- In case of sub-assembly X

C.20 | Data projectors X
C.21 | Multi function printers (MFP) X
C.22 | Hand-held computing and media X

playback devices
C.23 | Digital media recorders and playback X

units for consumer use
C.24 | Large format printers X
Reporting emission sound pressure levels from other positions is optional.

Fans, also called “air moving devices”, are often incorporated into the design of ITT equipment to provide airflow
for cooling. To measure such a fan as a component, for example as part of the process of selection for design
use in a computer, refer to ISO 10302-1 and 1SO 10302-2.

© Ecma International 2019 51



secma

C.2 Equipment category: Typewriters

C.2.1 Description

This category covers equipment with a keyboard for manual information entry. The information is either keyed-
in and immediately printed on paper character-by-character (manual typing), or keyed-in and stored for word or
line editing with following automatic print-out (interactive operations). Typewriters which are equipped with a
full-page storage are considered as typewriters during manual typing and as printers (see C.3) during automatic
print-out on a full page.

C.2.2 Installation

c.2.21 General

The typewriter shall be placed in the centre of the top plane of the standard test table. For measurements in
accordance with Clause 7, the measurement surface terminates on the floor. Alternatively, the typewriter may
be placed on a hard reflecting floor. The condition used shall be reported.

C.22.2 Type font

If the typewriter allows the use of different type fonts or different type elements, a fine line typestyle (e.g. pica,
elite, and not bold) shall be used with a character pitch of 10 characters per 25,4 mm.

c.2.23 Paper

Single sheets of paper of grammage 70 g/m?to 80 g/m? in the ISO A4 or equivalent format shall be used unless
the typewriter is designed for special paper having a different grammage. In this latter case, the special paper
shall be used. Paper shall be inserted in vertical format with the left-hand edge at zero; the leading edge of the
paper sheet shall be fed through to approximately one-third of the paper length, or 200 mm lower than the
trailing edge (see Figure C.1). Paper shall have been stored unpacked and exposed to the environmental
conditions specified in 6.3.2, 7.3.2 or 8.3.2 as applicable, for at least 24 h immediately prior to the test.

97-0044-A

Figure C.1 — Insertion of single sheet of paper
C.2.3 Operation
C.231 Idle mode
The power shall be switched on. Paper shall be inserted in accordance with Figure C.1.

NOTE If the typewriter has both standby and ready mode, the idle mode corresponds to the standby mode.

If the typewriter has several idle modes, the mode(s) used for measurement shall be reported.
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c.2.3.2 Typing mode

C.2321 General

The typing mode consists of keying-in the specified character pattern and printing it on paper. Keying-in should
preferably be performed with a suitable robot (see A.2) to simulate manual keystrokes. The noise level due to
the operation of the robot alone shall be at least 6 dB and preferably more than 10 dB below the level of
operation.

Typing shall start after the paper has been inserted, as specified in Figure C.1 and shall continue for not more
than 100 mm.

NOTE If a typing robot is not available, manual typing may be used.

Cc.2.3.2.2 Settings
The following settings, when applicable, shall be used.

a) Impression control: as recommended for a single sheet of paper.

b) Multi-copy control: set for a single sheet.

C) Line spacing: double-line spacing.

d) Margin: 25 mm from the edges; the end-of-line indicator (bell) shall be disconnected.

e) Paperbail rollers: the paperbail rollers shall be set 25 mm from the edges of the paper; the others shall
be equally spaced between.

Cc.2.3.23 Character pattern
The test pattern characters shall be

etnaiv etnaiv etnaiv etnaiv...

and so on until a full printline of approximately 60 characters has been completed.

The single space between each group of six characters is required as part of the pattern. The carriage return
after each line is part of the operation.

NOTE 1 A maximum of two characters may be replaced by other small letters, if there is a need for adjustment of the
robot.

NOTE 2  Should small letters not be available, capital letters may be used instead; equivalent conditions may be selected
for typewriters with non-Latin character sets.

C.2324 Operating speed
For manual operations the typing speed shall be five characters per second.
The specified characters shall be keyed in at a rate of five characters per second until the buffer is filled up; a

maximum buffer capacity of one printline shall not be exceeded. The stored information shall then be
immediately printed (maximum one line) at the maximum printing speed.

C.2.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable, during the following operations.

For manual operations: measure during continuous typing over at least three full lines.
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For interactive operations: measure during keying-in and printing-out until at least three full lines have been
printed.
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C.3 Equipment category: Character and line printers

C.3.1 Description

This category covers electronically controlled equipment which prints stored information on paper in steps of
character or line and is not normally keyboard-operated, and the noise output of which depends on the print
pattern. The output may be obtained by means of impact printing (e.g. typebar-, train-, chain- or band-printers,
printwheel, type-element or matrix printers) or by non-impact printing (e.g. electro-erosion or thermal printers).
For ink-jet printers, see C.16.

For equipment capable of printing on paper 420 mm or more in width, follow the procedures in C.24.

For equipment which offers print and any one or more of the following functions, follow the procedures in C.21
instead of the procedures in C.3:

e scan
e copy
e facsimile

C.3.2 Installation

c3.21 General
Floor-standing printers shall be installed on the hard reflecting floor.

Printers which are normally placed on a special stand or table shall be installed on such a stand on the reflecting
floor. Printers which are placed on an office table or desk and which take paper from, or stack paper on, the
floor, shall, if possible, be placed in the centre of the top plane of the standard test table, using the floor to
support the paper. For such measurements in accordance with Clause 7, the measurement surface terminates
on the reflecting floor.

Table-top printers, which do not use the floor for the paper supply or exit stack, shall be placed on the hard
reflecting floor for measurements in accordance with Clause 6 or Clause 7, and on the standard test table for
measurements in accordance with Clause 8.

Cc.3.2.2 Type style

For printers that support multiple type styles or type elements, a type style typical of normal use, with a pitch of
10 characters per 25,4 mm and 6 lines per 25,4 mm shall be used. If this is not possible, an adjustment as close
as possible to these values shall be chosen. Condensed or extended characters shall not be used.

C.3.23 Paper

Either single sheets of paper of grammage 60 g/m? to 80 g/m? or continuous, folded or rolled stationery of
grammage 50 g/m?2 to 60 g/m? shall be used, unless the printer is designed for special paper having a different
grammage. In this latter case, the special paper shall be used. The quantity of paper available for printing shall
be as close as possible to the maximum capacity of the printer. The form width shall be the widest that is
commonly available for the printer and shall be described in the test report. For special applications (e.g. when
the material to be printed is a passbook or cheque) the material shall be typical for customer usage and shall
be described in the test report.

Paper storage and unpacking shall follow the machine manufacturer's instructions. If there are no such

instructions, paper shall have been stored unpacked and exposed to the environmental conditions specified in
6.3.2, 7.3.2 or 8.3.2 as applicable, for at least 24 h immediately prior to the test.
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C.3.3 Operation

C.331 Paper position
For continuous folded or rolled stationery, the paper length fed through the printer shall be at least ten times its

width. For single sheet paper, the print area shall be vertically centred and span at least 60 % of the sheet
length.

Cc.3.3.2 Idle mode

Idle mode is a steady state condition that occurs after completion of print operation. Printers may have several
idle modes, each with unique noise and duration, for example, step-down or variable speed cooling fan operation.

Idle noise shall be measured after print job completion with the power switch of the printer remaining on. The
idle mode lasting at least one minute with highest noise emissions shall be measured and reported.

The measurement time interval of idle noise measurement shall be in accordance with C.3.4.
C.3.3.3 Operating mode (Print mode)

C.3.3.3.1 General

Printers with single-sheet feeding devices shall be tested in best quality mode. Paper of size ISO A4 or of an
equivalent format (portrait) is automatically fed.

Printers with continuous stationery shall be tested in draft mode with maximum paper width.

Printers capable of printing both single sheets of paper and continuous stationery shall be tested in both
configurations.

The print mode consists of printing a character pattern specified in C.3.3.3.3.
For graphic printers whose print speed is specified in accordance with ISO/IEC 11160-1 while printing graphic

mode in accordance with ISO/IEC 10561, a second operating mode shall be tested and reported: the second
mode consists of printing the test pattern in ISO/IEC 10561:1999, Annex D.

C.3.3.3.2 Settings

The following settings, when applicable, shall be used.

a) Impression control: as recommended for a single sheet of paper.
b) Multi-copy control: set for a single sheet.

c) Line spacing: double-line spacing and skip 20 mm to 30 mm on each side of the paper fold.

d) Margin: 25 mm from the edges (excluding the perforation strip) except when the printer characteristics
restrict the available line length; in the latter case, typical margin length shall be used and reported.

C.3.3.33 Character pattern
The full content of a 40-character test pattern is specified below. The character pattern shall be arranged in
groups of five printed characters followed by five spaces. The position of the pattern should preferably be shifted

by five characters on each line, using an end-around shift over the available line length. The printing area shall
be left-justified and centred vertically. If the line comprises fewer characters, the left-most ones shall be used.

J1YY7 2DA90 8S8=2 O6AI8Q B31AJ ©SFTOE PG1TK X6D-4
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If some of the specified characters are not available, alternative characters of up to 20 % of the characters in
one line may be substituted. For printers which print only non-Latin characters or numerical information a
random set of characters or numbers shall be selected and reported.

NOTE The number of characters to be printed in one line depends on the printer itself and is specified in Table C.2.
Examples of test patterns are shown in Figures C.2 and C.3.

C.3.3.34 Operating speed

The rated speed for which the printer is designed shall be used. If several speeds are provided, the one which
is typical for the majority of the uses shall be selected and described in the test report. Additional conditions
may be specified for special applications and shall be described in the test report.

) . 20 - 30 mm skip
| Available Line Length |
margin | g 65 characters | 5 margin
25mm 1 »1 25mm
) 1
JIYY7 2DA90 8S8=2 6AI8! B31AJ 5FTOE — —
JIYy7 DA90 S8=2 BAI8! B31AJ 5FTOE
JIYY7 2DA90 858=2 6AIBQ B31AJ 5FTOE
5FTOE JIYY7 2DA90 858=2 B6AIBQ B31AJ
JIYY7 2DA90 8S8=2 6AI8Q B31AJ
B3IAJ 5FTOE JIYY7 2DA90 858=2 BAIBQ
5FTOE JIYY7 2DA90 858=2 6AIBQ
6AIBQ B31AJ 5FTOE JIyy7 2DA90 858=2
B31AJ 5FTOE JIYY7 2DA90 858=-2
858=2 6AI8Q B3IAJ 5FTOE JIYY7 2DA90
S8=2 6A18Q B31AJ 5FTOE JIYY7 2DA90
2DA90 858=2 6AI8Q B31AJ 5FTOE JIYy7
8S8=2 BAIBQ B31AJ 5FTOE JIYY7
JIYY7 2DA90 8S8=2 6AI8Q B31AJ 5FTOE
2DA90 858=2 6AI8Q B31AJ 5FTOE
JIYY7 2DA90 8S8=2 B6AIBQ B31AJ 5FTOE
S5FTOE JIYy7 2DA90 858=2 B6AIBQ B31AJ
5FTOE JIYY7 2DA90 858=2 6A18Q B31AJ
B31AJ 5FTOE JIYY7 2DA90 8S8=2 B6AIBQ
B31AJ 5FTOE JIYY7 2DA90 858=2 6AIBQ
6AI8Q B31AJ 5FTOE JIYy7 2DA90 858=2
BAI8! B31AJ SFTOE JIYY7 2DA90 858=2
8=2 6AI8Q B31AJ 5FTOE JIYY7 2DA90
S8=2 6AIBQ B31AJ 5FTOE JIYy7 2DA90
2DA90 8S8=2 B6AIBQ B31AJ 5FTOE JIYY7
858=2 6AI8Q B31AJ 5FTOE JIYY7
JIYY7 2DA90 858=2 6AI8Q B31AJ S5FTOE
2DA90 8S8=2 B6AIBQ B31AJ 5FTOE
20 - 30 mm skip
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Figure C.2 — Example of the test pattern for a line length of 65 characters
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) Available Line Lenght 20 - 30 mm skip
margini 115 characters
25mm [ |

<
1

I'margin
I 25mm
e

|
I
VY7 2DA90 858=2 TOE PGITK X6D-4 o — — — |
JvY 2DA90 = B31AJ 5FTOE |
aYY7 1A 5FTOE P
7 2DA90 = 6AI8Q B31AJ 5FTOE PGITK 1
DA90 858=2 6AI8Q B31AJ 5FTOE PGITK X6D-4 |
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Figure C.3 — Example of the test pattern for a line length greater than 110 characters

Table C.2 — Number of characters to be used

Available line length Number of characters
in characters to be used
<40 50 % of maximum line length
between margins
40-59 20 characters
60-110 30 characters
> 110 40 characters

C.3.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in6.7.2, 7.7.2 or 8.7.2 as applicable, during the following operations:

a) Single-page form: measure during continuous printing over at least 60 % of the page length; if the printer
has an automatic paper feed mechanism, at least three pages shall be printed.b) Folded stationery:
measure during continuous printing over at least three pages.

c) Rolled stationery: measure during continuous printing over a length equal to at least the paper width.

d) Passbook: measure during printing of a single line on the middle pages during a complete operation cycle
from insertion to ejection (for details see C.17).
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C.4 Equipment category: Teleprinters

C.4.1 Description

This category covers equipment operating as a send/receive machine basically comprising a keyboard, a
printing unit, a mechanical or electronic send/receive unit (line control unit) and (integrated or optional) a memory
unit (electronic, paper tape punch or reader, magnetic tape, disk or cassette).

Two typical uses are:

a) Keyboard operation (when in local or transmission mode): the information is keyed-in by manual typing and
immediately printed on paper and/or stored in the memory.

b) Automatic operation (when in local or on-line mode): the machine prints automatically the information
received from line network or from the memory unit.

When a teleprinter is fitted with an auxiliary unit which produces noise (e.g. paper tape punch/reader, magnetic
tape, disk or cassette), the machine shall be tested with and without the unit in operation.

In some cases a teleprinter can be available in receive-only configuration (without keyboard). That machine is
considered to be a character or line printer (in accordance with C.3).

C.4.2 Installation

C421 General
For keyboard operation of the teleprinter, the general installation conditions for typewriters shall apply (see C.2).

For automatic operation of the teleprinter, the general installation conditions for printers shall apply (see C.3).

C4.2.2 Paper

Either single sheets of paper of grammage 70 g/m? to 80 g/m? or continuous, folded or rolled stationery of
grammage 50 g/m? to 60 g/m? shall be used, unless the printer is designed for special paper having a different
grammage. In this latter case, the special paper shall be used. The quantity of paper available for printing shall
be as close as possible to the maximum capacity of the printer. The form width shall be the widest that is
commonly available for the printer and shall be described in the test report. For special applications (e.g. when
the material to be printed is a passbook or cheque) the material shall be typical for customer usage and shall
be described in the test report.

If in typical use, multi-part stationery is employed, an additional test with such stationery shall be carried out and
described in the test report.

Paper storage and unpacking shall be carried out in accordance with the machine manufacturer's instructions.

If there are no such instructions, paper shall have been stored unpacked and exposed to the environmental
conditions specified in 6.3.2, 7.3.2 or 8.3.2 as applicable, for at least 24 h immediately prior to the test.

C.4.3 Operation

Cc.4.3.1 Idle mode
The power shall be switched on and paper shall be inserted.

NOTE If the teleprinter has both standby and ready modes, the idle mode corresponds to the standby mode.
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C.4.3.2 Operating mode (Print mode)
For keyboard operation of the teleprinter, the operating conditions specified for keyboards shall apply (see C.5).

For automatic operation of the teleprinter, the operating conditions specified for printers shall apply (see C.3).

C.4.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.

For keyboard operation of the teleprinter, the requirements specified for typewriters shall apply (see C.2.4).

For automatic operation of the teleprinter, the requirements specified for printers shall apply (see C.3.4).
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C.5 Equipment category: Keyboards

C.5.1 Description

This category covers equipment for manual data entry fixed or connected (via a cable or other data transmission
means) to other units, e.g. visual display units, computer console, hand-held calculator, etc.

C.5.2 Installation
Keyboards shall be installed in accordance with the relevant clauses of this Standard, except for measurements

in accordance with Clause 6 or Clause 7. The keyboard may be placed in the centre of the top plane of the
standard test table if required for operation, provided this is reported.

C.5.3 Operation
C.5.3.1 Operating mode (keying-in)
Keying-in shall be performed at a rate of five characters per second.

A suitable robot (see A.2) should be used to simulate manual keystrokes. The noise level due to the operation
of the robot alone shall be at least 6 dB and preferably more than 10 dB below the level of operation.

If the keyboard has acoustical feedback, the minimum volume setting shall be used for the test.
NOTE If a typing robot is not available, manual keying-in may be used.

C.5.3.2 Test pattern

a) For alphanumeric keyboards, the test pattern shall be as specified for typewriters (see C.2.3.2.3).

b) For numeric keyboards, the test pattern shall be four digits plus function key, the keys selected shall be
reported.

C.5.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable; the requirements specified for typewriters shall apply (C.2.4).

C.5.5 Measurement uncertainty

The measurement uncertainty for determining noise emission levels for keyboard operation has not yet been
verified and may be greater than those given in 6.2, 7.2 and 8.2.
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C.6 Equipment category: Copiers (duplicators)

C.6.1 Description

This category covers equipment which can produce one or more copies from a master. Such equipment can be
coupled with one or more additional attachments and features. These may be in the form of input, output or
internal devices for a variety of copying needs. Input devices can be in the form of master document loading,
handling and registering, or special paper feeders for continuous stationery or label printing. Output devices can
be in the form of copy handlers such as sorters, automatic staplers, stackers and binders. The equipment may
have an internal reversing device(s) for handling two-sided originals and producing two-sided copies; i.e.
automatic duplexing. The copier may also offer full colour copying from full colour masters, or highlight colour

copying.

For equipment which offers print and any one or more of the following functions, follow the procedures in C.21
instead of the procedures in C.6:

e scan
e copy
e facsimile

C.6.2 Installation

c.6.2.1 General

Due to the nature of product operation, noise emitted by the copier in operating mode(s) may fluctuate
significantly with time. Therefore, for this category of equipment, sound power level determination in accordance
with Clause 6 (reverberation test room) may have restrictions to achieve reliable test results: only sound power
level of repeated, or cyclic operations will be determined with the uncertainty stated, and a measurement time
interval longer than that in free field over a reflecting plane may be required.

Floor-standing copiers shall be installed on the hard reflecting floor.

Copiers which are normally placed on a special stand or table shall be installed on such a stand or table on the
reflecting floor. Copiers which are placed on a normal office table or desk and which take paper from, or stack
paper on, the floor, shall, if possible, be placed in the centre of the standard test table, using the floor to support
the paper. For such measurements in accordance with Clause 7, the measurement surface terminates on the
reflecting floor.

Table-top copiers, which do not use the floor for the paper supply or exit stack, shall be placed on the hard
reflecting floor for measurements in accordance with Clause 6 or Clause 7, and on the standard test table for
measurements in accordance with Clause 8.

The same installation conditions shall be followed when the copier has attachments.

C.6.2.2 Paper

Either single sheets of paper of grammage 60 g/m? to 80 g/m? or continuous, folded or rolled stationery of
grammage 50 g/m? to 60 g/m? shall be used, unless the copier is designed for special paper having a different
grammage. In this latter case, the special paper shall be used. The quantity of paper available for copying shall
be as close as possible to the maximum capacity of the copier. The form width shall be the widest that is
commonly available for the copier and shall be described in the test report. For special applications (e.g. when
the material to be printed is a passbook or cheque) the material shall be typical for customer usage and shall
be described in the test report.

Paper storage and unpacking shall be carried out in accordance with the machine manufacturer's instructions.

If there are no such instructions, paper shall have been stored unpacked and exposed to the environmental
conditions specified in 6.3.2, 7.3.2 or 8.3.2 as applicable, for at least 24 h immediately prior to the test.
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C.6.3 Operation

C.6.3.1 Idle mode

Power shall be switched on and the copier shall be loaded with a suitable paper supply.
C.6.3.2 Operating mode

C.6.3.21 General

The nominal speed for which the copier has been designed shall be used; if several speeds are provided, the
one which is typical for the majority of the uses shall be employed. The copier shall be adjusted to normal
exposure, and tests shall be carried out without using any reduction/enlargement facility, if provided.
Additional machine set-up conditions may be considered, as follows.

a) Copying without additional attachments

An operation cycle shall consist of continuously copying a single master.

b) Copying with additional attachments: input and output devices

When a copying system combines several features/attachments, a "full system" operation cycle shall comprise
the use of the maximum number of features/attachments allowable at least once. This may include using all the
features/attachments on the copier or just some of them. Where all the features/attachments cannot be used

together in one operation cycle, several different operating combinations should be considered. The
combination which is typical of use shall be selected and described in the test report.

C.6.3.2.2 Input devices
a) Automatic loading of originals

An operation cycle shall consist of placing five masters in the device input tray and making five copies of each
master. Copies are ejected into a single stationery output tray.

b) Copying from continuous stationery

An operation cycle shall consist of feeding five pages of continuous stationery through the registering device
and making five copies of each master. Copies are ejected into a single stationery output tray.

C.6.3.2.3 Output devices

a) Sorting

The operation shall start with an empty sorter. An operation cycle shall comprise the registering of one master
and making five copies ejected into five consecutive sorter bins. (Any copies made during additional operation
cycles shall be sorted into the same five consecutive bins.)

b) Stacking

If the copier is equipped with an integral mechanism to separate copy sets generated sequentially, it will
generally be fitted with an input master loading device. The operation cycle shall comprise the placing of five
originals into the device input tray and one copy of each shall be ejected into the stacker.

c) Automatic stapling

Automatic stapling may be provided in the form of a separate output device, or being fitted as integral to a sorter
or stacker. Copiers equipped with this device will generally be fitted with an input master loading device. The
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operation cycle shall comprise the stapling of a set of copies from five masters for a total of five stapled sets,
and ejected into the output tray.

d) Copying on continuous stationery

An operation cycle shall comprise copying one master on five pages for folded stationery or a 2-m length for
rolled stationery.

e) Auxiliary equipment

If a copier is supplied with an accessory or integral equipment (e.g. a binder), the tests shall be carried out with
and without the use of this equipment in the operation cycle.

f) Two-sided copying
Copiers equipped with this feature can either

1) handle two-sided masters and produce from them one-sided or two-sided copies, or
2) handle one-sided masters only, and produce from them one-sided or two-sided copies.

Copiers equipped with this device will generally be fitted with an input master loading device.

An operation cycle for type 1) above shall comprise the making of two one-sided copies (one of each of the
sides of the master) or one two-sided copy from one two-sided master. This operation cycle is to be repeated
five times. An operation cycle for type 2) above shall comprise the making of one two-sided copy from two one-
sided masters, this operation cycle is to be repeated five times.

Q) Colour copying

The operation cycle for copiers fitted with this feature shall be the copying from one one-sided full colour master;
one copy is made and automatically ejected into a single stationery output tray.

h) Highlight-colour copying
The operation cycle for copiers fitted with this feature shall be as for monochrome. (Copies should contain

highlight-colour from a full text master, e.g. four lines in highlight-colour using the test pattern as specified in
C.3).

C.6.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least five operation cycles and for at least the
measurement time interval specified in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.7 Equipment category: Card readers and card punches

C.7.1 Description

The category covers equipment which may perform a single function, such as reading the information from, or
punching it into, a punched card. The two functions may also be combined in one machine which allows the use
of both functions in one process or to use them separately. The number of cards processed per unit time
depends for readers mainly on the nominal processing speed; for punches it may be significantly influenced by
the total number of columns to be punched per card.

For equipment which performs similar functions such as card duplicating machines, card verifiers, card or

document sorters and collators, code interpreters (with printing features), paper tape readers and punches, the
following installation and operating conditions may also be applied.

C.7.2 Installation

The equipment shall be installed in accordance with the relevant clauses of this Standard.
C.7.3 Operation

C.7.3.1 Idle mode

The power shall be switched on and the equipment shall be ready for reading or punching cards.

C.73.2 Operating mode (Reading or punching mode)

If equipment of this category is capable of both reading and punching in one process, the operating mode shall
consist of both punching and reading cards as specified below. If equipment allows only the use of these
functions separately, the operating mode shall be punching.

The specified character pattern shall be read from, or punched into and/or read from, each card; approximately
40 % of the maximum number of columns (usually 80) shall contain information. The specified character pattern
shall be arranged in groups of five characters followed by five spaces:

J1YY7 2DA90 8S8=2 O6AI8Q B31AJ 5FTOE PG1TK X6D-4

C.7.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable during processing of a random card deck of at least 10 cards.
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C.8 Equipment category: Magnetic tape units

C.8.1 Description

This category covers equipment for writing on, and reading from, a magnetic tape wound on reels or within a
cassette or a cartridge. A unit may contain one or more separately operable tape drives.

C.8.2 Installation

Installation shall be in accordance with the relevant clauses of this Standard.
C.8.3 Operation

c.83.1 Idle mode

C831l1 Idle unloaded mode

The power shall be switched on and the tape shall not be in the tape path.

C.8.3.1.2 Idle loaded mode

The power shall be switched on and the tape shall be loaded and the equipment shall be ready to receive and
respond to control line commands to any drive. In multiple drive units, all drives shall be loaded and ready.

C.8.3.2 Operating modes

c.8.3.21 General
One of the modes specified below shall be used as applicable.

In multiple drive units, only one drive shall be in operating mode; all other drives shall be in the idle loaded mode.
C.8.3.2.2 Read/Write mode
Start, read or write, stop — with command timing for capstan (or equivalent) operation as follows.

Capstan on-time, in milliseconds, is set at the time needed to pass 130 mm of tape at the rated tape speed, s,
defined as

130 mm ms C.1)
sm/s
rounded to the nearest millisecond.
The off-time is equal to 0,7 to 1 times the on-time.
NOTE For a magnetic tape of 12,7 mm width, 130 mm of tape corresponds to a block length of 4 096 bytes at 32 bpmm.

Higher densities should use correspondingly larger block sizes, such that the total on-time for all density machines will be
approximately equal. At 63 bpmm, use a block length of 8 192 bytes; at 246 bpmm, use a block of 32 768 bytes.

C.8.3.2.3 Streaming mode

Logical forward run while writing.
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C.8.4 Measurement time interval
The time-averaged sound pressure level shall be measured, for at least the measurement time interval specified

in 6.7.2, 7.7.2 or 8.7.2 as applicable, for at least twenty consecutive start/stop operations in accordance with
C.8.3.2.2 or streaming operations in accordance with C.8.3.2.3.
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C.9 Equipment category: Disk units and storage subsystems

C.9.1 Description

This category covers equipment for writing on, and reading from, one or more rotating magnetic or optical disks.
Disks may be removable or non-removable. Magnetic disks may be flexible or rigid. A unit may contain one or
more separately operable disk drives.

NOTE For read-only optical disk drives (e.g. CD- and DVD-ROM drives), see C.19.

C.9.2 Installation

Installation shall be in accordance with 5.1 and 8.5. Disk units which form part of a personal computer, rack-
mounted equipment, or hand-held computing and media playback device shall be tested in accordance with
C.15, C.18 or C.22 as appropriate. Disk units which are tested as sub-assemblies shall be installed as sub-
assemblies in accordance with 5.1.7.

C.9.3 Operation
C.9.31 Idle mode

C.93.1.1 Idle ready

Disk(s) shall be loaded, power on, unit ready to receive and respond to control link commands with spindle up
to speed and read/write heads in track-following mode.

For systems having a single drive, the drive shall be as described above. For systems with multiple drives or for
storage subsystems, the number of drives that are simultaneously operable by the host CPU shall be operated
as specified above. All other drives shall be in the idle mode typical of normal use for the system.

C.9.3.1.2 Idle standby

If power-saving modes are available, such modes may be tested and if tested shall be described in the report.

C.9.3.2 Operating mode
For units having a single drive, the drive shall be operating as described below.

For units with multiple drives, or for storage subsystems, the number of drives that are simultaneously operable
by the host CPU shall be operated as specified below. All other drives shall be in the idle mode, typical of normal
use for the system.

Randomly select a cylinder/track to be sought in such a way that every cylinder/track has equal probability of
being selected. (If the drive incorporates an algorithm to perform seeks in a more efficient non-random order,
then this algorithm may be used. In this case the drive should be given a command or commands to read or
write a random selection of files, and the drive algorithm will decide the order in which the commands are
executed. The file length shall be adjusted to achieve the seek rate defined below). Seek to that track, then
delay for a time period to achieving the required seek rate ns within + 10 % in accordance with the following
formula:

ns=0,4/ (tr +1) (C.2)
tb=15tr+251% (C.3)
where
Ns is the average seek rate, expressed in seeks per second;
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tr is the manufacturer's published time, in seconds, to seek from one random track to another without
including rotational latency;

tL is the time, in seconds, for the drive to rotate by half a revolution.

Repeat the seek process. No other intentional delay while selecting the cylinder is allowed. The average number
of seeks per second along with the seek algorithm shall be reported with the acoustical data.

If the drive is operating in a system and if the system is not capable of achieving the required seek rate, the
drive shall be operated at the maximum seek rate achievable.

If the drive is operating in a multiple drive system in a Redundant Array of Inexpensive Disks (RAID) environment,
the drive shall be operated at the maximum seek rate achievable compatible with the system RAID level in use.

C.9.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.

NOTE Acoustical “beating” in multi-drive arrays can occur over periods of time that are long relative to the requirements
of 6.7.2, 7.7.2 or 8.7.2. The resulting variation in sound pressure level at microphone positions can have a significant effect
on the variability of A-weighted sound power level determined for the equipment. This variability can be reduced by
increasing the measurement time to include several beating cycles.
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C.10 Equipment category: Visual display units and terminals

C.10.1 Description

This category covers equipment which displays information on a screen, and which may be equipped with a
keyboard for information entry. The keyboard may be fixed to the display unit or connected to it by means of a
cable or other means of data transmission.

The units in this category may emit significant noise in the 16 kHz octave band. For equipment which emits

sound in the 16 kHz octave band, the procedures specified in ECMA-108 for reporting sound power levels shall
be used (see Table 4).

C.10.2 Installation

Installation shall be in accordance with the relevant clauses of this Standard.
C.10.3 Operation

C.10.3.1 Idle mode

The power shall be switched on and the equipment shall be in a steady-state condition, with air-moving device(s),
if any, running and the representative pattern shall be displayed on the screen. The keyboard shall not be
operated.

Preliminary tests should be run to determine if the emissions are significantly sensitive to the pattern displayed
on the screen. If so, a pattern representative of maximum emission values for a typical user shall be determined.

If not, the representative pattern shall be defined to be a full character set displayed on the screen and repeated
until all positions on the screen are used. The representative pattern used shall be documented and reported.

C.10.3.2 Operating mode (Typing mode), if applicable
The typing mode consists of keying-in the information specified for keyboards (see C.5).

C.10.3.3 Power saving mode

If power saving modes are available, such modes may be tested in addition to the modes defined in C.10.3.1,
described and reported.

C.10.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.11 Equipment category: Electronic units

C.11.1 Description

This category covers equipment such as processors, electronic memories and controllers, containing only
electronic circuits, power supplies but no moving mechanical parts except those associated with cooling.

C.11.2 Installation

Installation shall be in accordance with the relevant clauses of this Standard.
C.11.3 Operation

C.11.3.1  Operating mode

Operate in the steady-state condition with normal load on all cooling devices, power supplies, and distributed
power supply elements. For electronic units, the idle and operating modes are deemed to be the same.

C.11.3.2 Power saving mode

If power saving modes are available, such modes may be tested in addition to the modes defined in C.11.3.1,
described and reported.

C.11.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.12 Equipment category: Microform readers

C.12.1 Description

This category covers equipment to display micro-images. Microform readers may differ from each other,
depending on the different types of microforms to be used, such as microfiche, aperture cards and rollfilm.

C.12.2 Installation

Installation shall be in accordance with the relevant clauses of this Standard.
C.12.3 Operation

C.12.3.1 Idle mode

The power shall be switched on and the equipment shall be ready to display.

C.12.3.2 Operating mode
The microform shall be inserted and the micro-image adjusted and displayed.
The following two operations may be performed with partial or full automation.

a) Equipment for microfiche and aperture cards: the micro-image shall be adjusted in two diagonal corners
by moving its support; an image shall be kept stationary.

b) Equipment for rollfilm with a full reel of microfilm loaded into the device: the image approximately in the
middle of the film shall be sought and adjusted; the rollfilm shall be transported automatically.

The operation used during the test shall be described in the test report.

C.12.4 Measurement time interval

The time-averaged sound pressure level shall be measured for a minimum of three operation cycles and for at
least the measurement time interval specified in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.13 Equipment category: Facsimile machines (telecopiers) and page scanners
C.13.1 Description

C.13.1.1  Facsimile machines
This category covers equipment operating as a send/receive machine, basically comprising a numeric keyboard,

a paper feeding device, a scanner, a print unit and an electronic send/receive control unit. Telecopiers are used
for transmitting text, drawings and graphic information via public transmission networks.

C.13.1.2 Page scanners

This category covers equipment operating as a scanner which detects text, drawing and graphical information
from full sheets of paper and comprises a paper feeding device and a scanning mechanism.

For equipment capable of print and any one or more of the following functions, follow the procedures in C.21
instead of the procedures in C.13:

e scan
e copy
e facsimile

C.13.2 Installation

C.13.2.1  General
Floor-standing machines shall be installed on the hard reflecting floor.

Machines which are normally placed on a special stand shall be installed on such a stand on the reflecting floor.
Machines which are placed on an office table or desk and which take paper from, or stack paper on, the floor,
shall, if possible, be placed in the centre of the top plane of the standard test table, using the floor to support
the paper. For such measurements in accordance with Clause 7, the measurement surface terminates on the
reflecting floor.

Table-top machines, which do not use the floor for the paper supply or exit stack, shall be placed on the hard

reflecting floor for measurements in accordance with Clause 6 or Clause 7, and on the standard test table for
measurements in accordance with Clause 8.

C.13.2.2 Paper

For sheet stationery operations, sheet stationery of grammage 60 g/m? to 80 g/m? shall be used in accordance
with machine manufacturer’s instructions. A4 sheets shall be used whenever possible; otherwise, a sheet size
characteristic of typical use shall be used.

For continuous stationery operations, continuous folded or rolled stationery of grammage 50 g/m? to 60 g/m?
characteristic of typical use shall be used in accordance with machine manufacturer’s instructions.

Paper storage and unpacking shall follow the machine manufacturer's instructions. If there are no such
instructions, paper shall be unpacked and exposed to the environmental conditions specified in 6.3.2, 7.3.2 or
8.3.2 as applicable, for at least 24 h immediately prior to the test.

The paper tray shall be filled as close as possible to its maximum capacity.
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C.13.3 Operation

C.13.3.1 Idle mode

Idle mode is a steady state condition that occurs after completion of sending, receiving or scanning. Facsimile
machines and page scanners may have several idle modes, each with unique noise and duration, for example,
step-down or variable speed cooling fan operation.

Idle noise shall be measured after send, receive or scan job completion with the power switch of the machine
remaining on. The idle mode lasting at least one minute with highest noise emissions shall be measured and
reported.

The measurement time interval of idle noise measurement shall be in accordance with C.13.4.
C.13.3.2  Operating modes

C.13.3.2.1 General

Machine operations shall use the pattern of Figure C.5b. For monochrome printers, the monochrome mode
shall be tested. For colour capable machine with different colour and monochrome speeds, both colour and
monochrome modes shall be tested. For colour capable Machine with identical colour and monochrome speeds,
the colour mode shall be tested.

NOTE The pattern in Figure C.5b is based on JBMS-74-1:2005!17]. Figure C.5a, present in the 10" and 11" editions,
was eliminated in the 12 edition.

The default resolution and the default speed shall be used for all functions, whether monochrome or colour.

Operation of facsimile machine or page scanner shall begin after warm-up periods have expired and all moving
parts are located in their home position.

C.13.3.2.2 Operating modes
Send and receive operations shall be measured and reported for facsimile machines. Printing of transmission

receipts shall be included if such printing is the default for send operation. Scan operation shall be measured
for page scanners.

C.13.3.2.3 Single sheet machines

One-sided sheet operation shall be measured unless two-sided operation is the default, in which case two-sided
operation shall be measured.

C.13.3.24 Continuous folded or rolled stationery machines

One-sided operation shall be measured. A page shall consist of the test pattern of Figure C.5b scaled to fit to
the maximum printable or scannable area of the machine, as appropriate to the operation.

C.13.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.

e Single-sheet machines (equipped with feeding device): at least three (3) sheets
e Continuous folded or rolled stationery machines: at least one (1) page

These measurement time intervals are applicable to both send and receive operations of facsimile machines
and scan operations of page scanners.
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C.13.5 Reporting

Noise emissions of idle and default operations shall be reported. Noise emissions of operations other than the
default operations may be reported. The description “idle” shall accompany noise emissions reported for idle.

The following shall accompany the noise emissions reported for operations other than idle:
e  Operation: “scan”, " facsimile send", “facsimile receive”

e Rendering: “mono” or “colour”

e  Quality: “best”, “normal”, “draft”, etc.

e Sidedness: "simplex" or "duplex"

e Input method: "ADF" or “flatbed”

e Media: format (“folded”, “rolled” or “sheet”), “paper size” and “grammage”
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C.14 Equipment category: Cheque processors

C.14.1 Description
The category covers equipment which may perform a single function such as printing (or encoding) information

onto cheques, reading information from cheques, printing lists, storing/retrieving information from a flexible disk
cartridge, or sorting cheques.

C.14.2 Installation

C.14.2.1 General

The equipment shall be installed in accordance with the relevant clauses of this Standard.
C.14.2.2 Paper

C.14.2.2.1 Cheque stock

Typically, a large variety of cheque sizes and grammage of paper are used. To allow a standard method, the
following specification defines the properties of the cheques to be used.

a) Length: 140 mm to 160 mm.

b) Height: 70 mm to 90 mm.

c) Grammage: 90 g/m2to 100 g/m?2.
C.14.2.2.2 Printer paper

If in typical use, multiple-part stationery is employed, an additional test with such stationery shall be performed
and reported.

C.14.3 Operation

C.14.3.1 Idle mode

The power shall be switched on and the equipment ready for use (i.e. stand-by mode).

C.14.3.2 Operating mode

When a cheque-processing system combines several features, a full system operation cycle shall comprise the
use of each of those features at least once as described below under their respective operation cycle.

a) Reading

Random alpha-numeric data shall be read from the cheques in this mode and any additional operations which
typically form part or are a result of this mode shall be performed (e.g. autofeed, listing, storing on flexible disk
cartridge and sorting cheques). Repeated read cycles shall be performed at a rate typical of that expected in
use.

b) Printing (or encoding)

Equipment of the type described in this category will in some cases contain a number of print mechanisms
within one piece of equipment. The equipment shall be operated in a manner most typical of the expected use,
with all print mechanisms operating in the proper sequence. Any additional operation which typically form part
or result from this mode of operation shall be performed (e.g. autofeed, listing, storing on flexible disk cartridge
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and sorting cheques). The information to be printed by each type of printing mechanism (where appropriate) is
defined in Table C.3.

Repeated print cycle shall be performed at a rate typical of that expected in use.

c) Printing (listing)

Repeated cycles of the character pattern shown below shall be printed at a rate typical of that expected in use.
The full content of a 40-character pattern is given; if the line contains fewer characters, the left-most ones shall

be used.

The characters shall be arranged in groups of five followed by five spaces and each subsequent line shall be
rotated five spaces to the right.

J1YY7 2DA90 8S8=2 6AI8Q B31AJ 5FTOE PG1TK X6D-4
Any additional operations which typically form part or are a result of this mode shall be performed.

d) Storing/retrieving from disk

Consecutive seeks shall be carried out to a random track. Any additional operations which typically form part or
are a result of this mode shall be performed.

e) Sorting

The cheques shall be sorted sequentially from the lowest numbered pocket to the highest numbered pocket and
this sort pattern repeated as necessary for the measurement time interval.

Table C.3 — Cheque processor printer types and corresponding print patterns

Printer Characters to be printed
type Print details
Encoder *0000000085124* (amount field only)
Programmable endorser | J1YY7 2DA90 8S8=2 6AI8Q
Fixed endorser any character

C.14.4 Measurement time interval
The time-averaged sound pressure level shall be measured for at least the measurement time interval specified

in 6.7.2, 7.7.2 or 8.7.2 as applicable. For the operating mode, the measurement time interval shall be at least
that of eight complete operation cycles.
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C.15 Equipment category: Personal computers and workstations

C.15.1 Description

This category covers small systems such as personal computers, workstations and word processors, which
include a keyboard, visual display unit, and a processor unit which itself may contain combinations of one or
more flexible, rigid and/or optical disk drives, magnetic tape units or printers.

For equipment which emits sound in the 16 kHz octave band, the procedures specified in
ECMA-108 for sound power levels shall be used (see Table 4).

C.15.2 Installation

The constituent units of the system may be tested individually and reported accordingly. In this case the
installation conditions are as in 5.1, 8.5 and the relevant clauses of this annex.

Alternatively the equipment may be tested as a complete system. In this case for the measurement of sound
power levels, the equipment shall be mounted on the hard reflecting floor and the setup used recorded.

For the measurement of emission sound pressure levels at operator position, the separate enclosures which
comprise the system shall be arranged in a set-up that is typical of actual use. Solely table-top systems shall
be installed on the standard test table with all equipment front faces parallel to the front edge of the table. A “flat”
table-top system (i.e. the system’s width is greater than its height) shall be centred left to right on the test table
(Figure C.4a).

A small tower table-top system (system’s height is greater than its width) shall be placed 0,05 m from the right
edge of the test table (Figure C.4b). If a monitor is placed on the table alongside the small tower, then a gap of
0,05 m shall be left between the monitor and the small tower. The keyboard shall be 0,05 m from the front edge
of the table. If the system has a detachable keyboard, the system shall be 0,30 m from the front edge of the
table. The operator position microphone then is 0,25 m in front of the keyboard or 0,50 m from a system with a
detachable keyboard in accordance with 8.6.1.

Notebook computers shall be centred left to right on the test table and placed 0,05 m from the front edge of the
test table. It is recommended that the screens of notebook computers be adjusted to be perpendicular to an
imaginary line passing from the microphone at the operator’s position to the centre of the screen.

If parts of the system are floor-standing and others are table-top, the floor-standing equipment shall be installed
on the floor to the operator’s right of the test table and oriented such that the front face of the equipment is
parallel to the front edge of the table and even with the table and in the same vertical plane (Figure C.4c).
Equipment adjacent to the table shall be spaced 0,075 m away from the vertical plane formed by the edge of
the top of the table. The table-top equipment shall be installed on the test table with all front faces parallel to the
front edge of the table. For non-parallelepiped equipment, the orientation shall represent typical use and shall
be documented in detail. If the processor is tested individually without the presence of keyboard or monitor, the
processor shall be installed in accordance with this paragraph and Figure C.4a, C.4b, or C.4c.

All-in-one systems, where the display, processor, and storage functions are contained within a single unit, shall
be placed on the test table in accordance with Figure C.4c and Figure C.4d; in the case of Figure C.4c, the all-
in-one system shall be placed at the monitor position. The screen of an all-in-one system shall be aligned
according to Figure C.4d or as close thereto as allowed by the design of the unit. The distance to the operator
position shall be measured from the farthest forward portion of the system when the screen is aligned according
to Figure C.4d.
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C.15.3 Operation

C.15.3.1 General

Operation of the equipment shall be in accordance with 5.3 and 8.5 for the following modes of operation.

C.15.3.2 Idle mode

Power shall be switched on, the equipment shall be in a steady-state condition, with air-moving device(s) running,
disk drives in the idle mode, the user has logged in with, the screen displayed in its default settings and all other
devices idling.

If power saving modes are available, such modes may be tested in addition to the above idle mode, and shall
be described in the test report.

C.15.3.3 Operating mode(s)

The operating modes for the equipment covered by C.15.1 are defined as follows. One or more of the following
operating modes shall be used where applicable. Noise due to keyboard operation shall not be included.

a) For equipment with flexible disk drives as specified in C.9.
b) For equipment with rigid disk drives as specified in C.9.

¢) For combinations of rigid and flexible disk drives, the operating mode is defined as one rigid disk drive
operating and all other drives idle as specified in C.9.

d) For equipment with magnetic tape units as specified in C.8.

e) For equipment with built-in character and line printers as specified in C.3; equipment with page printers
as specified in C.16.

f)  For equipment with optical drives as specified in C.19.

g) For equipment with a central processing unit: the operating mode shall be the typical workloads
described below to best represent the noise levels that a majority of customers may encounter. The
central processing unit may include microprocessors, memory modules and add-in cards (for example,
graphics card), herein referred to as “subsystems” of the central processing unit. If operation of a
particular subsystem below does not result in an increase in fan speed(s) or an otherwise increase in
noise level, that subsystem does not need to be tested. Operating of each subsystem shall follow:

1) Microprocessors subsystems: Typical workload of all microprocessors shall be taken as half of the
maximum load using microprocessor centric performance testing applications. If multiple
microprocessors are included in a central processing unit, this typical workload shall be evenly
distributed across all microprocessors, as far as practical.

NOTE 1 If load-scalable microprocessor-centric performance testing applications, such as Specpower, MaxPower or
ThermNow are used, then the acoustic measurement should be done at the 50 % of the maximum load setting as specified
above. However, if load non-scalable applications, such as Linpack and Prime95 are used, the manufacturer may modulate
the load between maximum and idle to approximate the 50% typical workload condition. Modulation should be adjusted
such that a steady-state noise emission condition is measured.

2) Memory subsystem: A memory subsystem consists of all memory modules within the central
processing unit, whether installed on a motherboard, or via multiple riser cards. Typical workload for
the memory subsystem shall be taken as half of the attainable platform performance bandwidth of the
memory subsystem, with bandwidth equally distributed over all memory modules, as far as practical.
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NOTE 2  Attainable platform performance bandwidth may be obtained by running a load-scalable memory performance

application at the maximum performance bandwidth setting. The acoustical testing should then be done at 50 % of this
maximum performance bandwidth setting.

3) Add-in card subsystem: typical workload of add-in cards shall be taken as half of the maximum
performance as specified by the manufacturers of the card. If multiple cards from different vendors are
part of the central processing unit, each card shall be operated and reported separately.

4) Other identified subsystems: The workload for any other subsystem of the central processing unit not
described above shall be representative of the typical end-use workload for that subsystem and
clearly defined and documented in the report, if tested.

h) For equipment with other components not listed above, the operating mode shall be representative of
typical end-use operation for that component and clearly defined and documented in the report.

C.15.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.16 Equipment category: Page printers

C.16.1 Description

This category covers equipment which produces page step printed output from computers and includes but is
not limited to inkjet and laser printers. Page printers usually are graphic capable, may be duplex capable, and
may have peripheral equipment such as staplers, binders, cutters, envelope feeders, sorters, and special paper
feeders.

For equipment capable of print and any one or more of the following functions, follow the procedures in C.21
instead of the procedures in C.16:

e scan
e copy
e facsimile

C.16.2 Installation

C.16.2.1 General

Floor-standing printers shall be installed on the hard reflecting floor. Printers which are normally placed on a
special stand or table shall be installed on such a stand or table on the reflecting floor. Printers which are placed
on a normal table or desk and which take paper from, or stack paper on, the floor, shall, if possible, be placed
in the centre of the top plane of the standard test table, using the floor to support the paper. For such
measurements in accordance with Clause 7, the measurement surface terminates on the reflecting floor.

Table-top printers, which do not use the floor for the paper supply or exit stack, shall be placed on the hard

reflecting floor for measurements in accordance with Clause 6 or Clause 7, and on the standard test table for
measurements in accordance with Clause 8.

C.16.2.2  Paper

Sheet stationery of grammage 60 g/m?2 to 80 g/mZ2 shall be used in accordance with machine manufacturer’s
instructions. ISO A4 sheets shall be used whenever possible; otherwise, a sheet size characteristic of typical
use shall be used.

Paper storage and unpacking shall follow the machine manufacturer's instructions. If there are no such
instructions, paper shall be unpacked and exposed to the environmental conditions specified in 6.3.2, 7.3.2, or
8.3.2 as applicable, for at least 24 h immediately prior to the test.

The paper tray shall be filled as close as possible to its maximum capacity.
C.16.3 Operation

C.16.3.1 Idle mode

Idle mode is a steady state condition that occurs after completion of print operation. Page printers may have
several idle modes, each with unique noise and duration, for example, step-down or variable speed cooling fan
operation.

Idle noise shall be measured after print job completion with the power switch of the printer remaining on. The
idle mode lasting at least one minute with highest noise emissions shall be measured and reported.

The measurement time interval of idle noise measurement shall be in accordance with C.16.4.
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C.16.3.2 Operating mode (Print mode)

C.16.3.2.1 General

Printers shall be operated using the pattern of Figure C.5b. For monochrome printers, the monochrome mode
shall be tested. For colour capable printers with different colour and monochrome speeds, both colour and
monochrome modes shall be tested. For colour capable printers with identical colour and monochrome speeds,
the colour mode shall be tested.

NOTE The pattern in Figure C.5b is based on JBMS-74-1:2005117], Figure C.5a, present in the 10" and 11" editions,
was eliminated in the 12 edition.

The nominal default resolution and the nominal default speed shall be used for all functions, whether
monochrome or colour.

One-sided printing shall be measured unless two-sided printing is the default, in which case two-sided printing
shall be measured.

C.16.3.2.2 Operation cycle with features

When a printing system combines several features, a full system operation cycle shall comprise the use of each
of the features at least once as described under the respective operation cycle.

a) Sorter

The sorting operation shall start with an empty sorter. An operation cycle shall comprise the sorting of one page
in one bin. Pages printed during additional cycles shall be sorted into consecutive bins.

b) Stacking

If the printer is equipped with an accessory or integral mechanism to separate jobs generated sequentially, an
operation cycle shall comprise two jobs and print one page for each of them.

c) Auxiliary equipment

If the printer is supplied with auxiliary equipment (e.g. a mechanism for cutting continuous forms), the tests shall
be carried out with and without the use of such equipment in the operation cycle.

C.16.4 Measurement time interval

For each set-up the time-averaged sound pressure level shall be measured, for at least the measurement time
interval specified in 6.7.2, 7.7.2 or 8.7.2 as applicable, and as follows:

e Single sheet printers: at least three sheets (three pages) for one-sided simplex printing; at least three
sheets (six pages) for two-sided duplex printing. Ramp-up and ramp-down motion before and after
repetitive print cycles shall not be measured.

e Printing with auxiliary features: at least one (1) sheet.

C.16.5 Reporting

Noise emissions of idle and default operations shall be reported. Noise emissions of operations other than the
default operations may be reported. The description “idle” shall accompany noise emissions reported for idle.
The following shall accompany the noise emissions reported for operations other than idle:

e  Operation: “print”

e Rendering: “mono” or “colour”
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e  Quality: “best”, “normal”’, “draft”, etc.
e  Sidedness: "simplex" or "duplex"

e Media: “paper size” and “grammage”
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C.17 Equipment category: Self-service automatic teller machines

C.17.1 Description

The category covers equipment mainly used in banking environments and provides various services to
customers, such as cash dispense, funds transfer between accounts, account balance inquiry, balance
statement issuing and envelope deposit.

Depending on the purpose of the equipment, a variety of different functions can be performed and combined in

one machine. Typical examples for operating modes are specified in C.17.3; it is not assumed that these
conditions apply to all cases, therefore, the test conditions used shall be described in the test report.

C.17.2 Installation

The equipment shall be installed in accordance with the relevant clauses of this Standard.
C.17.3 Operation

C.17.3.1 Idle mode

The power shall be switched on and the equipment shall be ready for use.

C.17.3.2 Operating mode

The operating mode which is typical for average customer usage shall be defined and reported. For some
equipment, examples are defined as follows:

a) Money dispenser

Operation comprises card insertion, key-in personal identification number (PIN), task selection (e.g. cash issue),
selection of amount of money, issue card, open cash gate, issue cash, issue receipt and close cash gate.

b) Passbook operation

Operation comprises

— insert passbook, read magnetic stripe data, key-in PIN, print one line in passbook, write and verify
magnetic stripe data and issue passbook, or

— insert passbook, read magnetic stripe data, key-in PIN, task selection (e.g. cash issue), selection of
amount, write and verify magnetic stripe data, issue passbook and issue cash.

c) Banking information print-out

Operation comprises check card insertion, key-in PIN, task selection (e.g. statement of account), issue card,
print output and issue output.

d) Cash envelope deposit

Operation comprises card insertion, key-in PIN, task selection (e.g. cash deposit), key-in amount of deposit,
insert envelope into depository device, remove card and receipt.

C.17.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in6.7.2,7.7.2 or 8.7.2 as applicable. For the operating mode, an average value shall be determined for at least
three typical transactions, during which manual access may be needed, which however shall not be intentionally
delayed.
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C.18 Equipment category: Rack-mountable units and rack-enclosed systems

C.18.1 Description
This category covers both rack-mountable units (see 3.1.12) and rack-enclosed systems (see 3.1.13).

For rack-enclosed systems that are available in more than one configuration of rack-mountable units, the
particular configuration to be measured is usually governed by the purposes of the test and is thus not specified
in this Standard. However, if the configuration has not been otherwise specified prior to the test, and if practical,
it is recommended that a typical configuration be measured as a minimum, possibly supplemented by other
identifiable configurations (e.g., minimum configuration or maximum configuration, or both). In any event, the
configuration(s) of the system shall be described in the test report in sufficient detail to uniquely identify the unit
under test.

C.18.2 Installation
In general, the requirements of 5.1.1 and 5.1.5 shall be met. Specific installation requirements are given below.

Rack-mountable units that are not designed for a specific rack-enclosed system (e.g., units that may be used
in a variety of industry-standard racks) shall be tested outside of a rack and treated as “sub-assemblies” for the
purposes of this Standard (see 3.1.11 and 5.1.7).

NOTE In addition to the above requirements, such units may optionally be tested installed in a rack in accordance with
the following paragraphs.

Rack-mountable units that are designed as part of, or intended to be installed in, a specific rack-enclosed system
shall be tested in that specific rack enclosure. The unit shall be installed as specified by the manufacturer or
requestor of the test, including the vertical position in the rack enclosure. If no position is specified, the unit shall
be mounted at approximately the same height as that required for sub-assemblies (see 5.1.7). If the specific
rack enclosure is fully- or partially-enclosed, then all other positions in the rack shall either be filled with blank
rack panels or populated with unpowered rack-mountable units. If the specific rack enclosure is of an open-
frame design, then this is not required and the unit may be installed alone in the rack. Only the rack-mountable
unit under test shall be powered on, and only the noise emission levels of this unit shall be reported, together
with its position in the rack enclosure.

If the above rack-mountable unit requires power, cooling, or other facilities from other units in the rack enclosure
for its operation, then one of the following approaches shall be used.

(i) The rack-mountable unit shall be measured along with the other units required for its operation and the results
reported as the overall noise emission levels for the units taken together. The report shall describe the units that
were tested together.

(ii) The rack-mountable unit shall be measured along with the other units required for its operation and the
results reported as an upper bound for the noise emission levels for the particular unit under test (e.g., when
the levels of the auxiliary units are much lower than the unit under test). The report shall describe the units that
were tested together.

(iii) If practical, first the auxiliary units shall be measured together by themselves with the rack-mountable unit
under test powered off, and second the measurement shall be repeated with the rack-mountable unit powered
on. Appropriate computations (e.g., similar to the corrections for background noise in ISO 3741) shall be carried
out to “subtract out” the noise level of the auxiliary units, and the results reported as an estimate for the noise
emission levels for the particular unit under test. The report shall describe the units that were tested together
and the procedure used to determine the estimated noise levels of the unit under test.

C.18.3 Operation

In general, the requirements of 5.3 shall be met. Specific operating requirements are given below for the
following modes of operation.
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C.18.3.1 Idle mode

The power shall be switched on, and all rack-mountable units shall be in idle mode ready to receive command
signals from the system CPU.

C.18.3.2  Operating mode

The operating modes for the equipment covered by C.18.1 are defined as follows. One or more of the following
operating modes shall be used as applicable:

—  For equipment with rigid and flexible disk drives as specified in C.9;
—  For equipment with magnetic tape units as specified in C.8;

—  For equipment with built-in character and line printers as specified in C.3; equipment with page printers
as specified in C.16;

—  For equipment with a central processing unit: the operating mode shall be the typical workloads
described below to best represent the noise levels that a majority of customers may encounter. The
central processing unit may include microprocessors, memory modules and add-in cards (for example,
graphics card), herein referred to as “subsystems” of the central processing unit. If operation of a
particular subsystem below does not result in an increase in fan speed(s) or an otherwise increase in
noise level, that subsystem does not need to be tested. Operating of each subsystem shall follow:

1) Microprocessors subsystems: Typical workload of all microprocessors shall be taken as half of the
maximum load using microprocessor centric performance testing applications. If multiple
microprocessors are included in a central processing unit, this typical workload shall be evenly
distributed across all microprocessors, as far as practical.

NOTE 1 If load-scalable microprocessor-centric performance testing applications, such as Specpower, MaxPower or
ThermNow are used, then the acoustic measurement should be done at the 50 % of the maximum load setting as specified
above. However, if load non-scalable applications, such as Linpack and Prime95 are used, the manufacturer may modulate
the load between maximum and idle to approximate the 50% typical workload condition. Modulation should be adjusted
such that a steady-state noise emission condition is measured.

2) Memory subsystem: A memory subsystem consists of all memory modules within the central
processing unit, whether installed on a motherboard, or via multiple riser cards. Typical workload for
the memory subsystem shall be taken as half of the attainable platform performance bandwidth of the
memory subsystem, with bandwidth equally distributed over all memory modules, as far as practical.

NOTE 2  Attainable platform performance bandwidth may be obtained by running a load-scalable memory performance
application at the maximum performance bandwidth setting. The acoustical testing should then be done at 50 % of this
maximum performance bandwidth setting.

3) Other identified subsystems: The workload for any other subsystem of the central processing unit not
described above shall be representative of the typical end-use workload for that subsystem and
clearly defined and documented in the report, if tested.

—  For equipment with other components not listed above, the operating mode shall be representative of
typical end-use operation for that component and clearly defined and documented in the report.

NOTE 3  Measurements on individual disk drives should be made at the seek rate typical of the multiple-drive

configuration if system limitations do not allow the seek rate specified in C.9. This is necessary so as not to overestimate
the system noise emission levels as calculated in accordance with C.18.5 from individual measurements.
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C.18.4 Measurement time interval
The time-averaged sound pressure level shall be measured for at least the measurement time interval specified

in6.7.2,7.7.2 or 8.7.2 as applicable, and as further required in this annex for the operation of the rack-mountable
units.

C.18.5 Calculation of the system A-weighted sound power level and system A-weighted
emission sound pressure level from individual rack-mountable unit sound levels

The system A-weighted sound power level shall be calculated using the following formula:
n
Liasys =101g)_10%H dB
i=1 (C.4)
where

Lwasys  Is the system A-weighted sound power level, in decibels;

Lwai is the A-weighted sound power level of the i-th rack-mountable unit installed in a rack
enclosure;
n is the number of rack-mountable units.

The system A-weighted emission sound pressure level shall be calculated using the following formula:

n
Loasys =101g) 10" dB
i=1 (C.5)

where
LpAsys is the system A-weighted emission sound pressure level, in decibels;

Lpai is the A-weighted emission sound pressure level of the i-th rack-mountable unit installed in a
rack enclosure;

n is the number of rack-mountable units installed and tested.

NOTE The calculations in C.18.5 may be used by enclosures other than “rack enclosed systems”, such as, a server,
PC, or storage arrays. In this case the individual units are “sub-assemblies” instead of “individual rack-mountable units” in
C.18.5.

C.18.6 Calculation of A-weighted sound power level and A-weighted emission sound
pressure level for low noise level rack-mountable units

In some cases the noise level of rack-mountable units may be within 6 dB of the background noise level which
would preclude an accurate value if measured individually. In this case enough identical rack-mountable units
shall be tested and measured in the enclosure, so that the noise level of the n rack-mountable units is sufficiently
greater than the background noise level (it may be convenient to test the maximum number allowed).
The rack-mountable unit A-weighted sound power level shall be calculated from the following formula:

LWA,sz LWA,Sn — 10 Ig n dB (C6)

where

Lwas is the averaged individual rack-mountable unit A-weighted sound power level, in decibels;
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LwA.sn is the total A-weighted sound power level for n identical installed rack-mountable units, in
decibels;

n is the number of rack-mountable units installed and tested.

The rack-mountable unit A-weighted emission sound pressure level shall be calculated from the following
formula:

Lpas = Lpasn — 10 Ig n dB (C.7)
where
Lpas is the rack-mountable unit A-weighted emission sound pressure level, in decibels;
LpA.sn is the total A-weighted sound pressure level for n identical installed rack-mountable units, in
decibels;
n is the number of rack-mountable units installed and tested.
NOTE The calculations in C.18.6 may be used by enclosures other than “rack enclosed systems”, such as, a server,

PC, or storage arrays. In this case the individual units are “sub-assemblies” instead of “individual rack-mountable units” in
C.18.6.
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C.19 Equipment category: CD-and DVD-ROM drives

C.19.1 Description

The category covers equipment for reading electronic information from a rotating read-only optical disk (for
example, CD-ROM or DVD-ROM) or other optical media operated in a substantially sequential access manner.

C.19.2 Installation

C.19.2.1 General

Installation shall be in accordance with 5.1 and 8.5. A drive which forms part of a personal computer or rack
mounted equipment shall be installed in accordance with C.15 or C.18 as appropriate. A drive which is tested
as a sub-assembly shall be installed as a sub-assembly in accordance with 5.1.7.

C.19.2.2 Media

The unbalance Uq of test media, defined in the following formula, shall be 2,5 g-mm £ 10 %.

Ug=mg-r (C.8)
where
Mg is the mass of the disk, in grams (g),
r is the distance between the centre of gravity and the geometrical centre of the disk, in

millimetres (mm)

NOTE 1 More detailed and specific information on the disk media is available in Reference [30]. Since (1) the
measurement of unbalance is not an objective of this Standard, (2) test media satisfying this requirement is commercially
available from several sources2, and (3) it is not possible for most users of this Standard to adjust media to meet the criteria
for unbalance, while they can only measure the value, it is recommended to use a dedicated test media which has the
unbalance specified above.

NOTE 2  This media unbalance requirement is based on several considerations as follows: C.1 requires that the operation
be “typical of average end use”. Conditions are to be “specified with a view to facilitate the operation of the equipment and
to enhance the reliability of the acoustical measurements”. The disk unbalance of 2,5 g-mm + 10 % is specified as “typical
of average end use” and is also consistent with reliable acoustical measurements, since this degree of unbalance avoids
causing some drives to slow down. Technical details justifying this are contained in Reference [31].

C.19.3 Operation

C.19.3.1 Idle mode

Except for short-duration transients, idle modes are considered non-rotational and inaudible. Therefore
measurement of the idle mode is not required.

In cases where the drive under test incorporates cooling assemblies for its normal operation, the cooling noise
shall be measured as a part of noise of the drive.

C.19.3.2 Operating mode

For units having a single drive, the drive shall be operating as described below.

2 For instance, Almedio, 2-32-13 Sakae-cho, Higashimurayama, Tokyo, Japan, offers such disks (http://www.almedio.co.jp).
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For units with multiple drives the number of drives that are simultaneously operable by the host CPU shall be
operated as specified below. All other drives shall be in the idle mode, typical of normal use for the system.

Start sequential read at the inner radius of the disk (or media) such that the disk spins continuously at the fastest

speed sustainable with the specified media. Repeat the above read process until the measurement time interval
specified in C.19.4 elapses.

C.19.4 Measurement time interval

The time-average sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.20 Equipment category: Data projectors

C.20.1 Descriptions

This category covers equipment driven by a computer input signal, for making an image projection, and by using
a built-in light valve (see Definition C.1) or other technology.

This category does not cover equipment that is intended or designed for permanent outdoor installation.

The equipment may also have video input, but equipment having only video input is excluded.

Definition C.1 light valve
a sub-system or key component of a projector which builds up an optical image from that
produced electrically within the image displaying element, by casting light from another light

source

NOTE Still-projectors for film media (e.g. slide, OHP etc.) are covered by ISO 109961,
C.20.2 Installation

C.20.2.1 General

The equipment shall be installed in accordance with the relevant clauses of this Standard (i.e., 5.1 and 8.5 as
applicable).

If the projector under test can make both front and rear screen projection (see Definitions C.2 and C.3), front
screen projection configuration is applicable.

Definition C.2 front screen projection
image projected on the audience side of a light-reflecting screen
Definition C.3 rear screen projection

image projected through a light transmitting screen to the audience side of the screen

NOTE Definitions C.2 and C.3 above are consistent with those specified in IEC 61947-1:2002 and IEC 61947-2:2001,
respectively.

C.20.2.2 Warm up time
The equipment shall be operated for a sufficient period of time before proceeding with the acoustical test to

allow the temperature to stabilize. If this time is unknown, the equipment shall be operated at least 30 min before
the acoustical test.

C.20.2.3  Special considerations for test personnel safety

Due to the nature of these products, a data projector emits a strong light beam. Therefore, it is necessary to
pay special attention to protect the test personnel’s eyes.

For the purposes of this Standard, it is strongly recommended to switch the lamp off while positioning the
microphones.
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C.20.3 Operation

C.20.3.1  General
For the operation of this category of equipment (including idle mode), the lamp on or off are expressions based

on light valve technology. For projectors based on other technology, the corresponding operations are to be
defined in a similar manner to those contained below.

C.20.3.2 Idle mode
A stable condition in which the equipment is powered, but the lamp is not on. Transient periods, such as that

immediately after switching the lamp off, are excluded. For some projectors, operation during idle mode may
not be possible in which case noise measurements are not required.

C.20.3.3 Operating mode

A stable condition in which the equipment is powered with the lamp on. For the purposes of this Standard, if the
noise emissions are dependent upon the image projected, the equipment shall project the image of Figure A.1
of IEC 61947-1:2002 or of Figure A.1 of IEC 61947-2:2001, as applicable.

NOTE IEC 61947-1 and IEC 61947-2 are applicable to projectors with fixed and variable resolution respectively.

Transient periods, such as those immediately after switching the lamp on, are excluded.

C.20.4 Measurement time interval

The time-averaged sound pressure levels shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.21 Equipment category: Multi-function printers (MFP)

C.21.1 Description

This category covers equipment capable of print and any one or more of copy, scan and facsimile functions
defined in C.3, C.6, C.13 and C.16. MFP may be monochrome or colour capable, or both, and may be duplex
capable. MFP may have an automatic document feeder (ADF) for loading masters and output devices such as
stackers, sorters, staplers, binders and cutters, which are either included in the standard product configuration
or are optionally purchased.

For equipment capable of printing on paper 420 mm or more in width, follow the procedures in C.24.
C.21.2 Installation

C.21.2.1 General

The MFP shall be installed in accordance with its standard product configuration. Optionally purchased
peripheral devices are not considered to be part of the standard product configuration.

Floor-standing MFP shall be installed on the hard reflecting floor.

MFP which are normally placed on a special stand or table shall be installed on such a stand or table on the
reflecting floor. MFP which are placed on a normal table or desk and which take paper from, or stack paper on,
the floor, shall, if possible, be placed in the centre of the top plane of the standard test table, using the floor to
support the paper. For such measurements in accordance with Clause 7, the measurement surface terminates
on the reflecting floor.

Table-top MFP, which do not use the floor for the paper supply or exit stack, shall be placed on the hard reflecting

floor for measurements in accordance with Clause 6 or Clause 7, and on the standard test table for
measurements in accordance with Clause 8.

C.21.2.2 Paper

For sheet stationery operations, the paper of grammage 60 g/m? to 80 g/m? shall be selected in accordance
with the machine manufacturer's instructions. 1ISO A4 sheets shall be used whenever possible; otherwise, a
sheet size characteristic of typical use shall be used.

Paper storage and unpacking shall follow the machine manufacturer’s instructions. If there are no such
instructions, paper shall be unpacked and exposed to the environmental conditions specified in 6.3.2, 7.3.2 or
8.3.2 as applicable, for at least 24 h immediately prior to the test.

The paper tray shall be filled as close as possible to its maximum capacity.
C.21.3 Operation

C.21.3.1 Idle mode

Idle mode is a steady state condition that occurs after completion of print or copy operation. MFP may have
several idle modes, each with unique noise and duration, for example, step-down or variable speed cooling fan
operation.

Idle noise shall be measured after print or copy job completion with the power switch of the MFP remaining on.
The idle mode lasting at least one minute with highest noise emissions shall be measured and reported.

The measurement time interval of idle noise shall be in accordance with C.21.4.

© Ecma International 2019 95



secma

C.21.3.2 Operating modes

C.21.3.2.1 General

MFP operations shall use the pattern of Figure C.5b. For monochrome printers, the monochrome mode shall
be tested. For colour capable MFP with different colour and monochrome speeds, both colour and monochrome
modes shall be tested. For colour capable MFP with identical colour and monochrome speeds, the colour mode
shall be tested.

NOTE The pattern in Figure C.5b is based on JBMS-74-1:2005[17]. Figure C.5a, present in the 10" and 11™ editions,
was eliminated in the 12 edition.

The nominal default resolution and the nominal default speed shall be used for all functions, whether
monochrome or colour.

Operation of MFP shall begin after warm-up periods have expired and all moving parts are located in their home
position.

C.21.3.2.2 Output devices

Standard output devices shall be included in the standard product configuration for measurement.

Output devices shall be empty at the start of the measured operation.

Standard output devices representative of typical use shall be operated. If several output devices are standard,
the combination of output devices representative of typical use shall be used. Output devices are used as

follows:

e Binder (Stapler): An operation involves the binding (stapling) of a set of pages.
e Sorter: An operation involves ejecting pages into consecutive sorter bins.
e Stacker: An operation involves ejecting pages into a stacker.

C.21.3.2.3 Modes of operation

At least, one mode shall be chosen and measured according to manufacturer’s instruction. If there are no such
instructions, at least mode a) shall be measured.

The remaining mode(s) are optional and may be measured at the discretion of the equipment manufacturer.
a) Print

One-sided printing shall be measured unless two-sided printing is the default mode, in which case two-sided
printing shall be measured.

b) ADF copy

ADF copy shall be measured only if scanning and printing are simultaneous over some part of the copy operation.
For ADF equipped MFP that simultaneously scan masters and print copies, the making of one-sided copies
from one-sided masters shall be measured unless two-sided copying is the default, in which case default two-
sided copying mode shall be measured. In either case, one copy shall be made for each master.

c) ADF scan

The ADF shall be operated while scanning. The registration of one-sided masters shall be measured unless

two-sided registration is the default, in which case two-sided scanning shall be measured. The default scan
resolution and the default electronic output format shall be used.
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d) Flatbed copy

The making of a single one-sided copy from a single master involves placing a master on the flatbed of the MFP
with cover closed against the master. The flatbed copy operation includes all events related to registration of
the master and generation of a single copy, from start of registration to delivery of the copy.

e) Flatbed scan

The making of a single one-sided scan from a single master involves placing the master on the flatbed of the
MFP with cover closed against the master. The flatbed scan operation includes all events related to registration
of the master, from start to finish.

f) Miscellaneous operations

Various operations may be measured at the discretion of the test requestor. Examples include:

Alternative media, e.g. heavy paper, envelopes and transparencies
e  Duplex printing, copying and scanning

e  Standard output devices not representative of typical use

e  Optional (non-standard) output devices

e  Optional (non-standard) input devices like high capacity input trays
C.21.4 Measurement time interval

The time-averaged sound level shall be measured at least for the measurement time interval specified in 6.7.2,
7.7.2 or 8.7.2 as applicable for the modes of operation described in C.21.3, as follows.

e  Print, ADF copy, and ADF scan: at least three sheets (three pages) for one-sided simplex operations; at
least three sheets (six pages) for two-sided duplex operations. Ramp-up and ramp-down motion before
and after repetitive cycles shall not be measured.

e Flatbed copy and Flatbed scan: at least one (1) sheet. When a flatbed operation involving one sheet
does not fulfill the measurement time interval, additional flatbed operations shall be measured such that
the sum of the durations of the individual operations fulfills the required measurement time interval.
Flatbed noise emission levels, L are computed as follows:

L =10 Ig[Ti <3 (T, -10°% )} (C.9)

tot i=1
where

Tiand L; are the duration and noise emission level (sound power level or emission sound pressure level)
of i-th individual flatbed copy operation,

k is the number of repeated flatbed operations (i = 1, 2, ...k), which satisfies the measurement
time interval requirement of 6.7.2, 7.7.2 or 8.7.2 as applicable,

k

Tot is the total measurement time interval of repeated flatbed operations; Ty, = ZTi .
i=1

e  Miscellaneous operations involving output devices: five (5) sets of “N” sheets, where “N” is at least three
and enough to fulfill the required measurement time interval.
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C.21.5 Reporting

Noise emissions of the idle and default operations shall be reported. Noise emissions of operations other than
the default operation may be reported. For the idle operation, only the operation description “idle” need be
provided. For operations other than idle, the following information shall accompany the noise emissions:

e  Operation: “print”, “copy” or “scan”
e Rendering: “mono” or “colour”

e  Quality: “best”, “normal”, “draft”, etc.

e  Sidedness: “simplex” or “duplex”

. Input method: “ADF”, “flatbed”, “high-capacity”, etc.

H . 1131 L 11 LI U T i)
e  Output devices: binder”, “stapler”, “sorter”, “stacker”, etc.
1 . [13 LE 11 ” [13 ” [13 H b [13 ”
Media: format (“folded”, “rolled” or “sheet”), “paper size” and “grammage
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b) Colour

(http://www.ecma-international.org/memento/Colour %20pattern FigC5b.pdf )

Figure C.5 — Monochrome/colour pattern for noise emission testing of MFP (not to scale)
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C.22 Equipment category: Hand-held computing and media playback devices

C.22.1 Description

This category covers hand-held equipment for computing, office productivity software, internet browsing, digital
media playback, and similar functions. Devices may run a general purpose operating system or be optimized
solely for one or more of the functions listed above. Devices may be held in one or both hands during typical
usage, and do not have a keyboard large enough for touch-typing.

Ultra-mobile PCs (UMPC), hand-held MP3 players, tablet or slate devices, and hand-held digital video players
come under the scope of this category. Hand-held optical disk players do not come under the scope of this
category.

Equipment lacking both air-moving devices and hard disk (rotating media) storage need not be measured or
reported.

C.22.2 Installation

The device shall be installed in accordance with 5.1.6, 8.5 and 8.6.1.
C.22.3 Operation

C.22.3.1 General
Operation of the equipment shall be in accordance with 5.3 and 8.5 for the following modes of operation.

Intentional sound, such as music, speech, or user interface sounds, shall not be included in equipment
operations.

C.22.3.2 Idle mode
Power shall be switched on, and the equipment shall be in a steady-state condition, including thermal equilibrium
with the environment. Disk drives shall be in the idle ready mode as defined in C.9.3.1.1, and the standard user
interface shall be displayed on the screen. Any air-moving device(s) shall be running as needed to cool the
steady-state condition.

If power saving modes are available, such modes may be tested in addition to the above idle mode, and shall
be described in the test report, if measured.

C.22.3.3 Operating mode(s)

One or more of the following operating modes shall be used where applicable. Noise due to keyboard operation
shall not be included. Any air-moving device(s) shall be running as needed to cool the operating mode at steady
state.

a) Equipment with rigid disk drives as specified in C.9.3.2.

b) Running a typical workload. For computing devices this may be running office productivity software or

rendering web pages. For digital media playback devices, this may be playing a video file (if capable of doing
so) or audio file, but with no intentional sound output.

C.22.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.23 Equipment category: Digital media recorders and playback units for consumer
use

C.23.1 Description

This category covers systems used to record digital media contents in the form of audio visual signals from a
commercial source such as (but not limited to) cable TV or satellite TV providers. Such systems can be referred
to as Personal Video Recorders (PVR), Digital Video Recorder (DVR), or Time Shifting Entertainment System.
Such systems can, and usually do incorporate some form of digital storage device for recording of programming
e.g. HDD, SSD, or other future storage methods. When use of storage sub-systems and cooling fans is
incorporated, the unit shall be tested as in 5.1, 8.5 and the relevant clauses of this annex.

For equipment which emits sound in the 16 kHz octave band, the procedures specified in ECMA-108 for sound
power levels shall be used (see Table 4).

C.23.2 Installation

The constituent units of the system may be tested individually and reported accordingly. In this case the
installation conditions are as in 5.1, 8.5 and the relevant clauses of this annex.

Alternatively the equipment may be tested as a complete system. In this case for the determination of sound
power levels, the equipment shall be mounted on the hard reflecting floor and the setup used recorded.

C.23.3 Operation

C.23.3.1 General

Operation of the equipment shall be in accordance with 5.3 and 8.5 for the following modes of operation.

C.23.3.2 Idle mode

Power shall be switched on, the equipment shall be in a steady-state condition, with air-moving device(s) running,
if any, optical drives, if any, in idle mode as in C.19, system operating disk drives in a “pass through” manner
(neither explicitly recording nor explicitly playing back).

C.23.3.3 Operating mode(s)

One or more of the following operating modes shall be used where applicable.

a) Equipment with rigid disk drives:

1) Operating condition shall be determined in accordance with C.9.3.2 where ns shall be: 12Mb/s (HD)
or 2Mb/s (SD), divided by the number of user data bits per track on the HDD multiplied by the total
number of read/write video streams.

If complete information for the previous paragraph is not available, the user can determine the
number of tuners incorporated within the system. Once determined, simulate explicit recording of
the same number of media streams as there are tuners while simultaneously explicitly playing back
one media stream or however many media streams are the system’s advertised capacity.

2) With air-moving device(s) running

b) Equipment with optical drives.

1) Operate optical drives as described in C.19.
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2) With air-moving device(s) running

c) Equipment with other parts with operating modes not described above: name and operating conditions
shall be included in the report if a measurement is performed.

C.23.4 Measurement time interval

The time-averaged sound pressure level shall be measured for at least the measurement time interval specified
in 6.7.2, 7.7.2 or 8.7.2 as applicable.
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C.24 Equipment category- Large format printers (LFP)

C.24.1 Description

This equipment category covers electronically controlled office equipment capable of printing pre-recorded
information on sheet or roll paper stationery 420 mm or more in width. Some LFP may be capable of scan, copy
or facsimile operations in addition to printing.

NOTE 1 420 mm is the smaller dimension of ISO A2 size paper

NOTE 2  Equipment not suitable for the office is excluded. Examples include equipment capable of printing fabric, vinyl
or other flexible media or equipment requiring electrical, burn, or entrapment hazard safety training.

NOTE 3 For character printers and line printers, see C.3; for teleprinters, see C.4; for page printers, see C.16; for non-
LFP multi-function printers, see C.21.

C.24.2 Installation

C.24.2.1 General

Floor-standing printers shall be installed on the hard reflecting floor. Printers which are normally placed on a
special stand shall be installed on such a stand on the reflecting floor. Printers which are placed on an office
table or desk and which take paper from, or stack paper on, the floor, shall, if possible, be placed in the centre
of the top plane of the standard test table (see A.1), using the floor to support the paper. For such measurements
in accordance with Clause 7, the measurement surface terminates on the reflecting floor.

Table-top printers, which do not use the floor for the paper supply or exit stack, shall be placed on the hard
reflecting floor for measurements in accordance with Clause 6 or 7 and on the test table for measurements in
accordance with Clause 8.

For the purposes of declaring A-weighted emission sound pressure level in accordance with ECMA-109, the
bystander positions are applicable.

C.24.2.2 Paper

Paper shall be representative of the typical use of the LFP. Unless otherwise specified, gloss and/or semi-gloss
paper of grammage of 250-300 g/m? shall be used for LFP designed for graphics applications, and plain paper
of grammage of 60-90 g/m? shall be used for LFP designed for CAD applications.

The width of the paper shall match the maximum width capability of the LFP.

When roll paper is used, the amount of paper on the roll shall be at least one-half of the amount of paper on a
new roll of paper. When sheet paper is used, the paper cartridge shall be at least half full.

Paper storage and unpacking shall be carried out in accordance with manufacturer's instructions. If there are

no such instructions, paper shall have been stored unpacked and exposed to the environmental conditions
specified in 6.3.2 or 7.3.2 whatever appropriate, for at least 24 h immediately prior to the test.

C.24.3 Operation

C.24.3.1 Idle mode

Idle mode is a steady state condition that occurs after completion of print or copy operation. Several idle modes
may be present, each with unique noise and duration, for example, step-down or variable speed cooling fan
operation.
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Idle noise shall be measured after print or copy job completion with the power switch remaining on. The idle
mode lasting at least one minute with highest noise emissions shall be measured and reported.

The measurement time interval of idle noise shall be in accordance with C.24.4.
C.24.3.2 Operating modes

C.243.21 General
Operations shall use the pattern of Figure C.5b scaled according to Section C.24.5 and Figure C.6.

Default quality operations shall be measured. For monochrome LFP monochrome operations shall be tested.
For colour capable LFP colour operations shall be tested, and monochrome operations shall also be tested if
colour and monochrome operating speeds differ.

Print speed and print quality shall be at default settings for the type of paper type used.

C.24.3.2.2 Modes of operation

At least one mode shall be chosen and measured according to manufacturer’s instructions. If there are no such
instructions, at least mode a) shall be measured.

The remaining mode(s) are optional and may be measured at the discretion of the equipment manufacturer.
a) Print

One-sided continuous printing shall be measured unless two-sided printing is the default mode, in which case
two-sided continuous printing shall be measured.

b) Miscellaneous operations
Various operations may be measured at the discretion of the test requestor. Examples include:

o Alternative stationery, e.g. heavy paper, envelopes and transparencies
e Duplex printing, copying and scanning

e Standard output devices not representative of use

e Optional (non-standard) output devices

e Optional (non-standard) input devices like high capacity input trays

o Event combinations such as combined printing and paper cutting

C.24.4 Measurement time interval

The time-averaged sound pressure level shall be measured at least for three cycles of operation and the
minimum duration specified in 6.7.2, 7.7.2 or 8.7.2 as applicable for the modes of operation described in C.24.3,
as follows.

For LFP having a print carriage moving perpendicular to advancing paper, a paper advance and the associated
carriage stroke(s) across the width of the paper comprise an operating cycle. For such LFP the print carriage
may make one or two strokes depending on the sequence designed into the LFP.

For LFP without a moving carriage, for example printers with inkjets spanning the paper, steady-state printing
of one sheet comprises an operating cycle. Other associated events like loading, cutting, and ejecting of paper
may be excluded from the measurement; however, these events may be included in the measurement when
their removal is not feasible because they are simultaneous or close together in time. The measurement shall
exclude ramp-up behaviour at the start of a print job and shall exclude ramp-down behaviour at the end of a
print job.
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When an operation does not fulfil the measurement time interval, additional operations shall be measured such
that their summed durations fulfil the required measurement time interval. In this case, noise emission levels L
are computed using formula C.9 with the word “flatbed” replaced by the appropriate operation.

NOTE Paper loading, cutting, and ejecting tend to be less repeatable than the events comprising the operating cycle
and therefore may be omitted to increase measurement repeatability. Paper eject tends to be especially non-repeatable due
to the nature of the paper impacts against floor or printer structure that follow cutting, particularly for carriage equipped LFP.

C.24.5 Colour pattern scaling

The print pattern of Figure C.5b shall be uniformly scaled to span the print area width shown in Figure C.6. The
print area width is the media width reduced by a maximum 30 mm left margin and a maximum 30mm right
margin.

C.24.6 Reporting

Noise emissions of the idle and default operations shall be reported. Noise emissions for operations other than
the default operations may be reported. For the idle operation, the description “idle” shall be provided. For
operations other than idle, the following information shall be reported:

e Media: Paper grammage weight
e Operation: “print”, “copy” or “scan”
e Rendering: “mono” or “colour”

e Quality: “best”, “normal”, “draft”, etc.

......................................................................

Outer line of each

Print area width paper size

Print area
+—> >
Left margin Right margin
Max 30 mm Max 30 mm

U -

Figure C.6 — Scaling of the Figure C.5 print pattern to the print area
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Annex D
(informative)

Identification and evaluation of prominent discrete tones

D.1 Scope

This annex describes two procedures for determining whether or not noise emissions contain prominent discrete
tones: the tone-to-noise ratio method and the prominence ratio method.

Annex D concerns discrete tones, one cause of tonality. Annex G concerns tonality, which can arise not only
from discrete tones but also from other phenomena and conjunctions of phenomena. Annex G is based on the
hearing model in Annex F, but Annex D is not based on Annex F.

Discrete tones occurring at any frequency within the one-third-octave bands having centre frequencies from
100 Hz to 10 000 Hz can be evaluated by the procedures in this annex (i.e., discrete tones between 89,1 Hz
and 11 220 Hz) inclusive, referred to the discrete tone frequency range of interest, hereafter).

All of the requirements of the test environment (see 8.3) apply. However, for the purposes of this annex,
corrections neither for background noise, Ki, nor for test environment, Kz apply.

NOTE 1 Since some ITT equipment emit discrete tones in the 16 kHz octave band, the tone-to-noise ratio or the
prominence ratio can be computed for these tones in accordance with the procedures in this annex in an attempt to quantify
their relative levels. However, the prominence criteria in either D.9.5 or D.10.6 cannot be applied, since there is no supporting
psychoacoustical data on such high-frequency discrete tones.

Declaration of product noise emissions in accordance with ECMA-109 offers the option of stating whether there
are prominent discrete tones in the noise emissions of a product, as determined by this annex. Other standards,
or other test codes relating to products besides ITT equipment, can also refer to this annex for the declaration
of prominent discrete tones. For the purposes of such declarations, either the tone-to-noise ratio method or the
prominence ratio method may be used, unless otherwise specified in the standard or test code.

NOTE 2  The tone-to-noise ratio method can prove to be more accurate for multiple tones in adjacent critical bands, for
example when strong harmonics exist. The prominence ratio method can be more effective for multiple tones within the
same critical band and is more readily automated to handle such cases.

NOTE 3 The Tone-to-Noise Ratio may underestimate prominence of discrete tones that overlap with elevated or
sloped noise spectra. The Prominence Ratio may be applicable to tonalities like discrete tones and noise with narrow or
sloped spectra, to the degree that critical bands adjacent to the tonalities of interest are free of such tonalities. The
measurement of tonality, which includes tones, is described in Annex G.

D.2 Annex status
Although this annex is informative, it contains requirements for fulfilment when its procedures are referenced

normatively by another standard or test code. These requirements are generally identified through the use of
the prescriptive word “shall”.

D.3 Psychoacoustical background

A discrete tone which occurs together with broad-band noise is partially masked by that part of the noise
contained in a relatively narrow frequency band, called the critical band that is centred at the frequency of the
discrete tone. Noise at frequencies outside the critical band does not contribute significantly to the masking
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effect. The width of a critical band is analytically expressed as a function of frequency (see D.8). In general, a
discrete tone is just audible in the presence of noise when the sound pressure level of the tone is about 4 dB
{2 dB to 6 dB, depending on frequency (Reference [37])} below the sound pressure level of the masking noise
contained in the critical band centred around the tone. This is sometimes referred to as the threshold of
detectability. For the purposes of this annex, a discrete tone is classified as prominent when using the tone-to-
noise ratio method if the sound pressure level of the tone exceeds the sound pressure level of the masking
noise in the critical band by 8 dB for tone frequencies of 1 000 Hz and higher, and by a greater amount for tones
at lower frequencies. This corresponds, in general, to a discrete tone being prominent when it is more than
10 dB to 14 dB above the threshold of detectability. When using the prominence ratio method, a discrete tone
is classified as prominent if the difference between the level of the critical band centred on the tone and the
average level of the adjacent critical bands is equal to or greater than 9 dB for tone frequencies of 1 000 Hz and
higher, and by a greater amount for tones at lower frequencies. Reference [38] provides the basis for these
criterion values.

D.4 Microphone position(s)

If the equipment has an operator position, the measurements shall be performed at the operator position defined
in 8.6.2. If there is more than one operator position, the measurements described in the following shall be
performed at the operator position with the highest A-weighted sound pressure level.

If the equipment has no operator position, the measurements to determine the tone-to-noise ratios or
prominence ratios shall be performed at the bystander position defined in 8.6.3 with the highest A-weighted
sound pressure level and at all other bystander positions having A-weighted sound pressure levels within 0,5 dB
of the highest one.

When the methods of this annex are to be applied to sub-assemblies, the conditions in the next two paragraphs
shall be used.

For sub-assemblies intended for use in equipment with a defined operator position, the measurement shall be
performed at the operator position (see 8.6.2).

For sub-assemblies intended for use in equipment which does not require operator attention while in the
operating mode, the measurements shall be performed at the bystander position (see 8.6.3) with the highest
A-weighted sound pressure level and at all other bystander positions having A-weighted sound pressure levels
within 0,5 dB of the highest one. For small, low-noise sub-assemblies needing a hemispherical measurement
surface with a radius equal to or less than 1 m (see 5.1.7 and B.1), it is possible that the signal-to-noise ratio is
not sufficient at the bystander positions. In such cases, the measurements may be performed at selected
microphone positions from Table B.1 on the hemispherical measurement surface itself (even if the sound power
determination is done without fixed positions). In such cases, the radius of the hemisphere, the coordinates of
the microphone positions from Table B.1 and enough information to uniquely identify the equipment orientation
relative to the microphone positions shall be reported.

If multiple microphone positions are used to perform the measurements described in this annex, the highest
values computed for tone-to-noise ratio (see D.9.4) and prominence ratio (see D.10.5), and the corresponding
microphone position for each, shall be reported.

D.5 Instrumentation

A digital fast Fourier transform (FFT) analyser capable of measuring the power spectral density of the
microphone signal shall be used for the measurements of this annex.

The analyser shall have RMS averaging (linear averaging, rather than exponential averaging) capabilities, a
Hanning time window function, an upper frequency limit high enough to allow computing the quantities required
herein for the particular discrete tone under investigation, and an FFT resolution less than 1 % of the frequency
of the tone.
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For the tone-to-noise ratio procedure (see D.9), experience has shown that an FFT resolution of 1 % of the
frequency of the discrete tone under investigation is occasionally insufficient to properly resolve the tone.
Therefore, for application to the tone-to-noise ratio procedure, an FFT resolution of 0,25 % or better is
recommended (see Reference [39]).

The microphone output signal fed to an FFT analyser shall meet the requirements for sound level meters
specified in IEC 61672-1, class 1. Because the procedures of this annex include the option of working directly
in terms of sound pressure levels, the FFT analyser (or, alternatively, the software used for post-processing of
the FFT data) should allow calibration directly in terms of sound pressure levels in decibels (reference: 20 yPa).

No frequency weighting function (e.g. A-weighting) shall be applied to the analyser input signal.

The FFT analysis shall use a sufficient number of averages to provide an analysis time satisfying the
requirements of 8.7.2.

D.6 Initial screening tests

D.6.1 General

Before proceeding with either the tone-to-noise ratio method (see D.9) or the prominence ratio method (see
D.10), one of the tests specified in D.6.2 and D.6.3 shall be conducted, as applicable.

D.6.2 Screening test for audibility of discrete tone(s) in noise generally well above the
threshold of hearing

Discrete tones should only be classified as prominent if they are, in fact, audible in the noise emissions of the
equipment under test. For the purposes of the screening test, it is assumed that the level of the noise being
measured is well above the threshold of hearing. Discrete tones or tonal components that can be present in the
noise emissions are occasionally not audible due to masking by the noise itself or for some other reason (e.g.
the tones can be harmonics of a lower fundamental tone and not individually audible). Therefore, an initial aural
examination of the noise emitted from the equipment under test shall be made at the specified microphone
position, with the following cases applied.

a) If one or more discrete tones are audible, then the measurement procedures of this annex for either the
tone-to-noise ratio or prominence ratio, or both, shall be carried out for each audible tone.

b) If no discrete tones are audible in the noise emissions, and there is a high degree of confidence in this
conclusion, the procedures of this annex may not be carried out and a statement such as “no audible
discrete tones” or “no prominent discrete tones” may be included in the test report.

c) If there is doubt as to whether a discrete tone is audible in the noise emissions (e.qg. if the test engineer
has a hearing loss or is not a trained or experienced listener), then other, more objective evidence should
be sought. For this purpose, a preliminary FFT analysis shall be taken of the noise emissions at the
specified microphone position(s). If the spectrum indicates the presence of potentially audible discrete
tones or tonal components (i.e., if the spectrum shows one or more sharp spikes), then the measurement
procedures of this annex for either the tone-to-noise ratio or prominence ratio, or both, shall be carried out
for each potentially audible tone.

NOTE The aural examination in cases a) and b) can be bypassed, and the preliminary FFT analysis of case c) used
directly as this screening test for the audibility of discrete tones.

Any discrete tone that is determined to be prominent in accordance with the either the tone-to-noise ratio method
or the prominence ratio method shall also meet the audibility requirements of D.9.8 or D.10.8, respectively.
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D.6.3 Screening test for audibility of discrete tone(s) in noise near the threshold of hearing

If the noise emissions to be analysed for the presence of prominent discrete tones are extremely low in level
such that either the noise itself, or any discrete tone occurring in the noise is near or below the threshold of
hearing, the following screening test shall be applied. An FFT spectrum of the noise emissions at the specified
microphone position(s) shall be acquired in accordance with either D.9.1 or D.10.1, as applicable. The FFT
spectrum shall be calibrated in terms of sound pressure level in decibels (reference: 20 pyPa) following the
machine manufacturer’s instructions for the particular FFT analyser in use. The following cases apply.

a) If the sound pressure level, L: (see D.9.2, and if applicable, D.9.6), of a discrete tone or tonal component
to be evaluated for prominence falls below the lower threshold of hearing (LTH), P1(f), as defined in D.7.1
and calculated at the frequency of the tone by Formula (D.1), it is assumed to be inaudible, and the
procedures of this annex may not be carried out. A statement such as "no audible discrete tones" or "no
prominent discrete tones" may be included in the test report.

b) If the sound pressure level, Lt (see D.9.2, and if applicable, D.9.6), of a discrete tone or tonal component
to be evaluated for prominence is less than or equal to P1(f) + 10 dB, as calculated at the frequency of the
tone by Formula (D.1), it is assumed to be "not prominent”, and the procedures of this annex may not be
carried out. A statement such as "no audible discrete tones” or "no prominent discrete tones" may be
included in the test report.

Figure D.1 shows both the Pi(f) and Pi(f) + 10 dB curves.

NOTE For most ITT equipment that contain cooling fans, even for small, relatively quiet products, the noise levels are
well above the threshold of hearing. However, for certain components evaluated separately from their end-use product, such
as small disk drives, the levels can, in fact, be below the threshold of hearing and the above screening procedure is
applicable.

D.7 Discrete tones and noise emissions near the threshold of hearing

D.7.1 Lower threshold of hearing

Studies of normal hearing thresholds have shown that the measured thresholds vary about a mean level in
approximately a normal distribution. The 50-percentile distribution values have been standardized in
ISO 389-714, as a function of frequency and termed the “reference threshold of hearing”.

For the purposes of this annex, the threshold of hearing that corresponds to the 1-percentile distribution
(essentially, the “lower limit” of the hearing threshold) is more suitable. This may be termed the lower threshold
of hearing (LTH). The sound pressure level at frequency f corresponding to this LTH is calculated from
Formula (D.1).

f!2 f!z

14 13
Pi(f)=agf™ +ap i +agf'“ +a f'" +ag o (d.1)

where

P1(f) is the sound pressure level that corresponds to LTH;

aitoas are the polynomial coefficients given in Table D.1.

fr= f_ffﬂ is the non-dimensional parameter calculated from the values in Table D.1
std

fmean is a frequency parameter given in Table D.1 for the frequency range in which fis
located;

fsea is another frequency parameter given in Table D.1 for the frequency range in which f
is located.
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Table D.1 — Parameters for calculation of P4(f)

f fmean fstd ai az as a4 as
Hz Hz Hz dB dB dB dB dB
87321
20< f <305 1675 |5 1415532 | -2,451068 | 1498869 | -6,983224 | 8,621226
48853
305< <2230 |11575 |3 0397994 | -0,891839 | -0,815138 | -1,221319 | -7,600754
2230< f <14 000
< 72500 2033’2 1,584978 | -2,766599 | -6,906192 éo’13855 -3,149339
14000< f <22050
< 36990' 4049.0 | -5775593 | -9.200034 | 26,59115 | 52,16712 | 15,61552048
NOTE The sound pressure level P1(f) defined in Formula (D.1) represents the threshold of hearing that only 1 % of

individuals, having normal hearing would be expected to hear. Formula (D.1) represents a 4th-order polynomial fit to data
collected and tabulated in Reference [9] to estimate the LTH at a given frequency for the purposes of this annex. To improve
the fit over a wide frequency range, four different polynomials are used to cover the range of frequencies between 20 Hz to
22 kHz (Reference [42]).

20
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Figure D.1 — Lower Threshold of Hearing curve, P1(f) and P1(f) + 10 dB curves illustrated for the
analysis of low-level discrete tones
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D.7.2 Normalization of noise near threshold of hearing

For low level sound, the sound pressure level of one or more data points in the FFT spectrum may fall below
the LTH, as defined by Formula (D.1). If calculations are performed using the as-measured sound pressure
levels, very high values of tone-to-noise ratio or prominence ratio can be obtained, which sometimes does not
correspond to subjective impressions of the sound. If, however, the sound pressure level at each data point is
adjusted to be equal to the value of the LTH, the total sound pressure level in each critical band can be
overstated, leading to unrealistically low values of tone-to-noise ratio or prominence ratio. For such low level
sounds, a normalization of the FFT spectrum is required so that the masking noise level (for tone-to-noise ratio)
or the total levels in the lower, middle, and upper critical bands (for prominence ratio) reflects the correct
psychoacoustic value. The threshold of hearing based on one-third octave bands of white or pink noise can be
more appropriate for this normalization, rather than the LTH defined above, which is based on pure tones.

NOTE At the time of publication of this Standard, such a normalization procedure is not standardized yet.

D.8 Critical bandwidths
The width of the critical band Afc, centred at any frequency fo, in hertz, can be calculated from Formula (D.2):
7069
Af, :25,0-I—75,0><[10+1,4><(f0/1000) }
(D.2)
EXAMPLE Afc =162,2 Hz for fo = 1 000 Hz and Afc = 117,3 Hz for fo= 500 Hz. See Reference [43].

For the purposes of this annex, the critical band is modelled as an ideal rectangular filter with centre frequency
fo, lower band-edge frequency fi, and upper band-edge frequency f2, where

For 89,1 Hz < fo <500 Hz, the critical band approximates a constant-bandwidth filter, and the band-edge
frequencies are computed as per Formulae (D.4) and (D.5):

fi=fg—Af./2 (D.4)

and

For 500 Hz < fo < 11 200 Hz, the critical band approximates a constant-percentage bandwidth filter, where

and the band-edge frequencies, in Hertz, are computed from Formulae (D.3) and (D.6) as follows:

Afe  \(AFg)? +4fy?

fo=— + i D.7

1 > > (D.7)
and

f2:f1+Afc fy = fy +Af,. (D.8)
NOTE Although Formula (D.2) for the width of the critical band is well-known and widely used, formulae for the

corresponding band-edge frequencies have not been formally derived. Given the behaviour of the critical band below and
above 500 Hz, however, the assignment of the band-edge frequencies in accordance with the above Formulae (D.7) and
(D.8) seems to be logical. That is, for constant-bandwidth filters, the lower and upper band-edge frequencies are
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arithmetically related to the centre frequency, whereas for constant-percentage bandwidth filters, they are geometrically
related.

For the purposes of determining the tone-to-noise ratio of the discrete tone frequency range of interest (see
D.1), the procedure of this Annex permits using FFT data f1 < 89,1 Hz and f2 > 11 200 Hz.

D.9 Tone-to-noise ratio method

D.9.1 Measurement using FFT analyser

The operating procedures for the FFT analyser shall be followed to acquire the power spectral density (or sound
pressure level) of the signal at the measurement position (see D.4), for the same mode(s) of operation and
measurement conditions as used for the measurements in 8.7, employing the Hanning time window and RMS
averaging (linear averaging). No frequency weighting, such as A-weighting, shall be applied to the signal fed to
the FFT analyser. The FFT analysis shall use a sufficient number of averages to provide an analysis time
satisfying 8.7.2. Zoom analysis should be used, with the centre frequency of the zoom band corresponding,
approximately, to the frequency of the discrete tone, and the width of the zoom band at least equal to, and
preferably slightly greater than, the width of the critical band.

NOTE The power spectral density of a signal is usually calculated and displayed as a mean-square value per cycle of
some quantity (e.g. a mean-square voltage per cycle, in volts squared per hertz, or a mean-square sound pressure per cycle,
X, in pascals squared per hertz, versus frequency). For the purposes of determining the tone-to-noise ratio, ALr, the units of
the measured power spectral density are not important, and absolute calibration of the analyser to some reference value
(such as 1 V or 20 pPa) is unnecessary. However, calibration of the instrument in pascals squared enables sound pressure
level quantities to be readily obtained. The procedures in this annex assume this calibration and the text is written in terms
of the “mean-square sound pressure,” but to indicate that any quantity can be used, the symbol that has been chosen is “X”.

D.9.2 Determination of discrete tone level

The mean-square sound pressure of the discrete tone, X, (or the sound pressure level of the discrete tone, Lt)
is determined from the FFT spectrum measured as in D.9.1 by computing the mean-square sound pressure in
the narrow band that “defines” the tone. The width of this frequency band, Aft, in hertz, is equal to the number
of discrete data points (“the number of spectral lines”) included in the band, times the resolution bandwidth (“line
spacing”). If the width of the frequency band selected for the purpose of computing X: (or L:) is greater than 15 %
of the width of the critical band centred at the frequency of the discrete tone, the FFT analysis should be repeated
with a smaller resolution bandwidth. A discrete tone bandwidth that remains greater than 15 % of the critical
band through repeated FFT analyses with smaller resolution bandwidths can indicate that the tone is not steady
in frequency, or some other phenomenon. In this case, the following procedure may proceed with the discrete
tone bandwidth greater than 15 % of the critical band.

For the determination of the mean-square sound pressure of the discrete tone (or the sound pressure level of
the discrete tone) for multiple tones in a single critical band, see D.9.6.

CAUTION — Too narrow a bandwidth selected for Afi to delineate the discrete tone, especially when automated
procedures are being used, can result in underestimation of the mean-square sound pressure of the tone (or
the sound pressure level of the discrete tone) and overestimation of the mean-square sound pressure of the
noise (or the sound pressure level of the noise). See D.9.3. If the band is too wide, masking noise or secondary
tones can be erroneously included with the discrete tone computations and omitted from the noise computation.

D.9.3 Determination of masking noise level

For the purposes of this annex, the mean-square sound pressure of the masking noise, X, (or the sound
pressure level of the masking noise, Ln) is taken as the value determined using the following two-step procedure.

The first step is to compute the total mean-square sound pressure (or the total sound pressure level) in the
critical band. The width of the critical band is determined from Formula (D.2) with fo set equal to the frequency
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of the discrete tone under investigation, f;, and with lower band-edge frequency fi and upper band-edge
frequency f2 as given in either Formula (D.4) and Formula (D.5) or Formula (D.7) and Formula (D.8).

From the FFT spectrum, the total mean-square sound pressure of the critical band, Xiwt, (or the total sound
pressure level of the critical band, Liwt) is computed. Depending on the particular instrumentation used, this may
be performed on the FFT analyser itself using band cursors, on an external computer using appropriate software,
or by some other means. In any event, the width of the frequency band used to compute this value, Afiot, in hertz,
is equal to the number of discrete FFT data points included in the band times the resolution bandwidth.

The second step is to calculate the masking noise mean-square sound pressure, Xn, (or the sound pressure
level of the masking noise, Ln) from Formula (D.9):

Af
Xn=(xtot—xt)7(Aftthft) (D.9)
(o]

or, when working with sound pressure levels, Formula (D.9) becomes:

L, = 10|g(1o°'1Ltot — 1001t ) +1OIg{ﬁj dB (D.10)
tot — t

For the determination of the mean-square sound pressure of the masking noise (or the sound pressure level of
the masking noise) for multiple tones in a critical band, see D.9.6.

NOTE Formula (D.9) [or Formula (D.10)] accounts for both the fact that the FFT analyser bandwidth, Afit, used to
compute Xt (or Lwot), may not be exactly equal to the critical bandwidth, Afc, and the fact that the calculated mean-square

sound pressure (Xwot — Xt), [or the calculated sound pressure level, 10Ig(100’1"tot —100'1"t) dB] does not include the noise

contained in the narrow band Aft.

D.9.4 Determination of the tone-to-noise ratio

The tone-to-noise ratio, ALT, in decibels, is calculated from Formula (D.11):

ALT=10|9% dB (D.11)

n

or, when working with sound pressure levels, Formula (D.11) becomes:

Al =Lt —Ln 4B (D.12)
For the determination of the tone-to-noise ratio for multiple tones in a critical band, see D.9.6.

D.9.5 Prominent discrete tones criteria for tone-to-noise ratio method

A discrete tone is classified as prominent in accordance with the tone-to-noise ratio method if one of the following
conditions is met:

ALt =8,0+8,33xIg(1000/ f, ) dB for 89,1Hz < f; <1000 Hz (D.13)

and the discrete tone meets the audibility requirement of D.9.8. The criteria in Formula (D.13) and Formula
(D.14) are illustrated graphically in Figure D.5.

D.9.6 Multiple tones in a critical band.
The noise emitted by a machine can contain multiple tones, and several of these can fall within a single critical

band. If one or more discrete tones are audible, the procedure above is followed for each tone, with the following
differences. The discrete tone with the highest amplitude in the critical band is identified as the primary tone,
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and its frequency is denoted as fp. For the critical band centred on this primary tone, the discrete tone with the
second highest level is identified as the secondary tone and its frequency denoted as fs.

If the secondary tone is sufficiently close in frequency to the primary tone, then the two are considered to be
perceived as a single discrete tone and the prominence is determined by combining their mean-square sound
pressures (or sound pressure levels). Two discrete tones may be considered sufficiently close or “proximate” if

their spacing Afg, = ‘AfS —Afp‘ is less than the proximity spacing, af.___, in hertz, defined Formula (D.12):

prox

1,2><Ulg( ) /212)‘]1'8

Afprox =21x10 for 89,1Hz < f, <1000 Hz

(D.15)
EXAMPLE  Afprox = 23 Hz for fp = 150 Hz; Afprox = 63,8 Hz for fp = 850 Hz).

If the proximity criterion Afsp < Afprox is met, then the mean-square sound pressure of the secondary tone, Xis,
is added to the mean-square sound pressure of the primary tone, X, when calculating the mean-square sound
pressure of the discrete tone, Xi, and subtracted from the total mean-square sound pressure, Xwt, before
calculating the tone-to-noise ratio ALt

When working with sound pressure levels for this case, the sound pressure level of the secondary tone, Lis, is
combined on an energy basis with the sound pressure level of the primary tone, Ltp, and subtracted on an
energy basis from the total sound pressure level of the noise, Lwt. For discrete tone frequencies equal to or
higher than 1 000 Hz, the proximity spacing, Afprox exceeds half the width of the critical band, so the criterion is
always met. See Reference [44]. This is represented by Formulae (D.16) and (D.18):

Xy = Xt,p - Xt,s

(D.16)
or, when working with sound pressure levels, Formula (D.16) becomes:
L, = lOIg(lO Olttp 410 Mtes j
dB (D.17)
and
n ° P S Af o — (A, + Af
tot ( t,p t,s) (D.18)

or, when working with sound pressure levels, Formula (D.18) becomes:

Afg
Afior —(Afy p +Afy o)

Ly = 10|g[1o°'1Ltot —(100'1Ltvp +10%Ms ﬂ +10lg
dB8  (D.19)

With the above values for Xn and X, (or Ln and L), Formula (D.11) is used to compute the tone-to-noise ratio.

If the proximity criterion is not met, then the discrete tones are considered to be perceived as separate discrete
tones and are treated individually. In this case, the mean-square sound pressure of the secondary tone is still
removed from the mean-square sound pressure of the masking noise (but otherwise ignored; i.e., not added to
the mean-square value of the primary tone) before calculating the tone-to-noise ratio of the primary tone. In this
case, Formula (D.19) is again used for Xn, but Formula (D.17) simply becomes X: = X, p. These values of X» and
Xt are then used in Formula (D.12) to compute the tone-to-noise ratio for the primary tone.

When working with sound pressure levels for this case, the sound pressure level of the secondary tone is still
subtracted on an energy basis from the sound pressure level of the noise, but it is not added to the sound
pressure level of the primary tone, before calculating the tone-to-noise ratio of the primary tone. In this case,
Formula (D.19) is again used for Ln, but Formula (D.17) simply becomes L: = 10Ig(10%-1L.¢) dB. These values
of Lnand L are then used in Formula (D.12) to compute the tone-to-noise ratio for the primary tone.

© Ecma International 2019 113



secma

When the proximity criterion is not met and it is desired to compute the tone-to-noise ratio for the secondary
tone individually, then the above procedure may be repeated with the secondary tone considered as the primary
tone. The critical band is then centred on this discrete tone, with all quantities being recomputed.

D.9.7 Complex tones containing harmonic components (tone-to-noise ratio method)

Although laboratory-generated discrete tones can be pure sinusoids, most of the discrete tones that occur in
the noise emissions from real machinery and equipment are not. As such, the FFT spectrum generally shows a
series of tonal components (called harmonics, or partials) at integral multiples of some fundamental frequency.
Usually the fundamental is the strongest component, but this is not always the case. For the purposes of this
annex, each tonal component in the harmonic series shall be screened for audibility in accordance with D.6 and,
depending on the outcome, evaluated independently in accordance with the procedures of this annex.
Alternatively, since presumably the presence of harmonics has already been determined from inspecting an
FFT spectrum of the noise emissions, the procedures of this annex may be applied to each tonal component
without the initial audibility screening. In this case, any tonal component that meets the prominence criteria of
D.9.5 shall also meet the audibility requirements of D.9.8 before it can be classified as prominent.

NOTE For the cases of noise emissions from small fans consisting of many harmonic components and other discrete
tones, a new evaluation parameter, Total Tone-To-Noise Ratio which is based on tone-to-noise ratio, is under development.
See ECMA TR/108 8 and References [45], [46] and [47].

D.9.8 Audibility requirements

A discrete tone shall not be classified as prominent if it is not, in fact, audible. Therefore, for each discrete tone
identified as prominent in D.9.5, an aural examination of the noise emitted from the equipment under test shall
be made at the microphone position, or positions, used for the analysis. If the discrete tone is audible in the
noise emissions, then it shall be reported as prominent, as determined. If the discrete tone is clearly not audible
in the noise emissions, and there is a high degree of confidence in this conclusion, then it shall not be reported
as prominent. If there is any doubt as to whether or not a discrete tone is audible in the noise emissions (e.g. if
the test engineer has a hearing loss or is not a trained or experienced listener), then the following listening test
shall be conducted to help make determination whether or not the tone is audible.

A sinusoidal signal corresponding to the frequency of the discrete tone in question shall be reproduced audibly
and compared by the listener to the noise from the product, noting whether or not a tone at the same frequency
is audible in the product noise emissions. If the discrete tone is audible in the noise emissions, then it shall be
reported as prominent, as determined. If the discrete tone is not audible in the noise emissions even with the
help of the comparison tone, then it shall not be reported as prominent.

D.9.9 Example (tone-to-noise ratio method)

Figure D.2 shows how a single discrete tone in a critical band is analyzed using the tone-to-noise ratio method.
Figure D.3 shows how the tone-to-noise ratio method is used when multiple tones exist in a critical band.
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Figure D.2 — Tone-to-noise ratio method applied to a single tone in a critical band
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Figure D.3 — Tone-to-noise ratio method applied to multiple tones in a critical band
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D.10 Prominence ratio method

D.10.1 Measurement using FFT analyser

The operating procedures for the FFT analyser shall be followed to acquire the power spectral density (or sound
pressure level) of the signal at the measurement position (see D.4), for the same mode(s) of operation and
measurement conditions as used for the measurements in 8.7, employing the Hanning time window and RMS
averaging (linear averaging). No frequency weighting, such as A-weighting, shall be applied to the signal fed to
the FFT analyser. The FFT analysis shall use a sufficient number of averages to provide an analysis time
satisfying the requirements of 8.7.2. Zoom analysis should be used with the centre frequency of the zoom band
corresponding, approximately, to the frequency of the discrete tone, and the width of the zoom band equal to
about four times the width of the critical band.

NOTE The power spectral density of a signal is usually calculated and displayed as a mean-square value per cycle of
some quantity (e.g. a mean-square voltage per cycle, in volts squared per hertz, or a mean-square sound pressure per cycle,
in pascals squared per hertz, versus frequency). For the purposes of determining the prominence ratio, ALp , the units of the
measured power spectral density are not important, and absolute calibration of the analyser to some reference values (such
as 1V or 20 pPa) is unnecessary. However, calibration of the instrument in pascals squared per hertz enables sound
pressure level quantities to be readily obtained. The procedures in this annex assume this calibration and the text is written
in terms of the “mean-square sound pressure,” but to indicate that any quantity can be used, the symbol that has been
chosen is “X”.

D.10.2 Determination of the level of the middle critical band

The mean-square sound pressure of the middle critical band, Xwm, is defined as the total mean-square sound
pressure contained in the critical band centred on the discrete tone under investigation (When working with
sound pressure levels, this quantity becomes the sound pressure level of the middle critical band, Lm.). The
width of the middle critical band, Afu, as well as the lower and upper band-edge frequencies, fim and f2m are
determined from the relationships in D.8 with fo set equal to the frequency of the discrete tone under investigation,
fi. The band-edge frequencies then become:

For ft =<500Hz.
Af
fl,M = ft—_M
2 (D.20)
and
fom="fi+ Al
’ 2 (D.21)
For ft >B00Hz.
Afy  (Afy)? 4412
fim=——7"+
2 2 (D.22)
and
fam = fom +Afy (D.23)

EXAMPLE  fi,m=922,2 Hz and f2,u = 1084,4 Hz when fi = 1 000 Hz.

The value of Xm (or Lw) is determined from the FFT spectrum by bracketing the data points lying between fi,u
and f2,w and computing the mean-square sound pressure of the middle critical band (or the sound pressure level
of the middle critical band). Depending on the particular instrumentation used, this may be performed on the
FFT analyser itself using band cursors, on an external computer using appropriate software, or by some other
means.
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D.10.3 Determination of the level of the lower critical band

The mean-square sound pressure of the lower critical band, X, is defined as the total mean-square sound
pressure contained in the critical band immediately below, and contiguous with, the middle critical band defined
in D.10.2 (When working with sound pressure levels, this quantity becomes the sound pressure level of the

lower critical band, L..). The relationships in D.8 govern this lower critical band, with centre frequency foL,
bandwidth Af., and lower and upper band-edge frequencies fi,L and f2,., respectively. Since this lower critical
band shall be contiguous with the middle critical band, it follows that f2,. = fi,v. However, because foL is not

known a priori, Formulae (D.2) to (D.8) cannot be used directly to determine the value of fi,., and an iterative
method of solution would ordinarily have to be used. For the purposes of this annex, the value of fi,. shall be
computed from Formula (D.24) (which has been derived from an iterative solution through the use of curve
fitting).

2
fir =CLo+CL1ft +CLof;

(D.24)
where
fi is the frequency of discrete tone under investigation;
Clo CLa1 CL2 are constants given in Table D.2.
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Table D.2 — Parameters for calculation of f;

Frequency range Cro CLa Ci2

Hz Hz Hz~l

89,1< f; <1714 20,0 0,0 0,0
171,4 < f; <1600 -149,5 | 1,001 -6,90x10—5
11200 = f; >1600 6,8 0,806 -8,20x10-6

For discrete tone frequencies less than or equal to 171,4 Hz, the lower band-edge frequency for the lower critical
band would compute to less than 20 Hz, the accepted lower limit of human hearing. For such cases, the lower
band-edge frequency shall be set equal to 20 Hz (so that the band used for the determination of XL extends
from 20 Hz up to f2.). The width of this lower band, Af., is now less than the width of the true critical band, and
the determination of the prominence ratio takes this into account (see D.10.5).

The value of X. (or L) is determined from the FFT spectrum by bracketing the data points lying between fiL and
f2L and computing the mean-square sound pressure (or the sound pressure level) of the lower critical band.
Depending on the particular instrumentation used, this may be performed on the FFT analyser itself using band
cursors, on an external computer using appropriate software or by some other means. Care should be taken to
ensure that the lower critical band and the middle critical band do not overlap computationally; i.e., that the FFT
data points closest to the common band edge are assigned uniquely to one band or the other, and not to both.

For the purposes of determining prominence ratio of the discrete tone frequency range of interest (see D.1), the
procedure of this Annex permits using FFT data, fi,. < 89,1 Hz and f2,u > 11 200 Hz.

D.10.4 Determination of the level of the upper critical band

The mean-square sound pressure of the upper critical band, Xu, is defined as the total mean-square sound
pressure contained in the critical band immediately above, and contiguous with, the middle critical band defined
in D.10.2 (When working with sound pressure levels, this quantity becomes the sound pressure level of the
upper critical band, Lu.). The relationships in D.8 govern this upper critical band, with centre frequency fou,
bandwidth Afu, and lower and upper band-edge frequencies fi,u and f2,u, respectively. Since this upper critical
band shall be contiguous with the middle critical band, it follows that fiu = fo,m. However, because fou is not
known a priori, Formulae (D.2) to (D.8) cannot be used directly to determine the value of f2,u, and an iterative

method of solution would ordinarily have to be used. For the purposes of this annex, the value of f2,u shall be
computed from Formula (D. 25) (which has been derived from an iterative solution through the use of curve
fitting).

2
fau=Cup+Cusfi +Cu2 fi

(D.25)
where
fi is the frequency of discrete tone under investigation;
Cuo, Cuz, Cup2 are constants given in Table D.3.
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Table D.3 — Parameters for calculation of fz,y

Frequency range Cu,0 Cu,1 Cu,2
Hz Hz Hz-1
89,1 <fi< 1600 149,5 1,035 7,70x10-5
11 200 > f;>1 600 3,3 1,215 2,16><10—5

The value of Xu (or Lu) is determined from the FFT spectrum by bracketing the data points lying between fi,u
and f2,u and computing the mean-square sound pressure (or the sound pressure level) of the upper critical band.
Depending on the particular instrumentation used, this may be performed on the FFT analyser itself using band
cursors, on an external computer using appropriate software, or by some other means. Care should be taken
to ensure that the upper critical band and the middle critical band do not overlap computationally; i.e., that the
FFT data point(s) closest to the common band edge is (are) assigned uniquely to one band or the other, and
not to both.

For the purposes of determining prominence ratio of the discrete tone frequency range of interest (see D.1), the
procedure of this Annex permits using FFT data, f2u > 11 200 Hz.

D.10.5 Determination of prominence ratio

The prominence ratio, ALp in decibels, is calculated as follows (for discrete tone frequencies greater than
171,4 Hz):

Xm
Alp =10lg| ———_ |dB for f, >171,4 Hz
P g|:(X|_+XU)><O,5:| ! (D.26)
or, when working with sound pressure levels, Formula (D.26) becomes:
Alp = 10|g(100'1LM )-10Ig[(100’1LL +10%ttu )>< O,S}dB for f, >171,4 Hz
(D.27)

For discrete tone frequencies less than or equal to 171,4 Hz, the lower critical band becomes truncated (see
D.10.3) so that its width is less than what would be calculated from Formula (D.2). Therefore, for the purposes
of computing the prominence ratio for discrete tone frequencies less than or equal to 171,4 Hz, the level in the
lower band is to a bandwidth of 100 Hz (the width of a full critical band at these frequencies), so that the above
formulae are modified as follows.

XM

AlLp =10Ig dBfor f; <1714 Hz
{[XL x(200/4f, )]#xy}x05
(D.28)
or, when working with sound pressure levels, Formula (D.28) becomes:
Alp = 10Ig(100'1LM )-10Ig{[%x1001“— +10%1y jx 0,5}15 for f, <171,4 Hz
L (D.29)
D.10.6 Prominent discrete tone criterion for prominence ratio method
A discrete tone is classified as prominent in accordance with the prominence ratio method if:
Alp > 9,0+10Ig(1000JdB for89,1Hz < f, <1000 Hz
t (D.30)
AlLp >9,0 for 11 200 Hz > f, >1000 Hz (D.31)
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and the discrete tone meets the audibility requirement of D.10.8. The criteria in Formulae (D.30) and (D.31) are
illustrated graphically in Figure D.5.

D.10.7 Complex tones containing harmonic components (prominence ratio method)

Although laboratory-generated discrete tones can be pure sinusoids, most of the discrete tones that occur in
the noise emissions from real machinery and equipment are not. As such, the FFT spectrum will generally show
a series of tonal components (called harmonics, or partials) at integral multiples of some fundamental frequency.
Usually the fundamental is the strongest component, but this is not always the case. For the purposes of this
annex, each tonal component in the harmonic series shall be screened for audibility in accordance with D.6.1
and, depending on the outcome, evaluated independently in accordance with the procedures of this annex.
Alternatively, since presumably the presence of harmonics has already been determined from inspecting an
FFT spectrum of the noise emissions, the procedures of this annex may be applied to each tonal component
without the initial audibility screening. In this case, any tonal component that meets the prominence criteria of
D.10.6 shall also meet the audibility requirements of D.10.8 before it can be classified as prominent.

NOTE For the cases of noise emissions from small fans, consisting of many harmonic components and other discrete
tones, a new evaluation parameter, Total Prominence Ratio which is based on prominence ratio, is under development. See
Reference ECMA TR/108 8 and References [45], [46] and [47].

D.10.8 Audibility requirements

A discrete tone shall not be classified as prominent if it is not, in fact, audible. Therefore, for each discrete tone
identified as prominent in D.10.6, an aural examination of the noise emitted from the equipment under test shall
be made at the microphone position, or positions, used for the analysis (see D.4). If the discrete tone is audible
in the noise emissions, then it shall be reported as prominent, as determined. If the discrete tone is clearly not
audible in the noise emissions, and there is a high degree of confidence in this conclusion, then it shall not be
reported as prominent. If there is any doubt as to whether or not a discrete tone is audible in the noise emissions
(e.g. if the test engineer has a hearing loss or is not a trained or experienced listener), then the following listening
test shall be conducted to help make determination whether or not the tone is audible.

A sinusoidal signal corresponding to the frequency of the discrete tone in question shall be reproduced audibly,
and compared by the listener to the noise from the product, noting whether or not a tone at the same frequency
is audible in the product noise emissions. If the discrete tone is now audible in the noise emissions, then it shall
be reported as prominent, as determined. If the discrete tone is not audible in the noise emissions even with the
help of the comparison tone, then it shall not be reported as prominent.

D.10.9 Example (prominence ratio method)

The prominence ratio method is illustrated graphically in Figure D.4. The prominence ratio was calculated in
accordance with D.10.5 and was found to be ALp = 12,1 dB for the 1 600 Hz discrete tone. Because the result
is more than 9,0 dB, which is the prominence ratio criterion at 1 600 Hz, the discrete tone is classified as
prominent.
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Figure D.4 — lllustration of the prominence ratio method for prominent discrete tone identification

D.11 Information to be recorded for prominent discrete tones

For each discrete tone that has been identified as prominent in accordance with this annex, the following
information shall be recorded:

a) the frequency, f;, in hertz, of the discrete tone;

b) details of the method used to evaluate the discrete tone (D.9 tone-to-noise ratio or D.10 prominence ratio),
together with a reference to this Standard, i.e., ECMA-74:2019;

c) if the tone-to-noise ratio method was used, the tone-to-noise ratio, AL, in decibels or if the prominence
ratio procedure was used, the prominence ratio ALp, in decibels;

d) if the noise emissions under investigation include more than one identified prominent discrete tone, the
frequency of each tone, and either ALt or ALp for each tone.

NOTE 1 A discrete tone is classified as prominent, if both (i) ALt or ALp is above the relevant criterion curve and (ii) the
discrete tone is audible according to the procedures of D.9.8 or D.10.8, respectively.

NOTE 2 It can be useful to record the A-weighted sound pressure level of the prominent discrete tone.
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Annex E
(informative)

Background information on the method formerly used for the detection
of impulsive noise

Since its publication of the 15t edition of 1981 September, this Standard had provided an objective test method
for determining whether the noise emissions are impulsive in character, or not. The method had relied on time-
weighting | specified in the well-known sound level meter’s International Standard, IEC 61672-1 (or IMPULSE
mode of its predecessor standards).

By the update of IEC 61672-1:2013, however, the technical specifications of time-weighting | have been
removed. It is also noted that, by the previous update of IEC 61672-1 in 2002, this IEC standard, in its Annex C,
mentioned the following:

“Various investigations have concluded that time-weighting | is not suitable for rating impulsive sounds with
respect to their loudness. Time-weighting | is also not suitable for assessing the risk of hearing impairment, nor
for determining the “impulsiveness” of a sound. Because of the possibility of obtaining misleading results,
time-weighting | is not recommended for the purposes described above.”

Therefore, it was a matter of time for the specification to be withdrawn. Eventually, the method of this Annex E
became unable to maintain, and the technical contents have been removed. The 12t Edition ECMA-74 is the
last edition to contain Annex E with an objective method for the detection of impulsive noise using the time-
weighting .

For such historical reasons and also, however, for the possibility of future development of another method for
impulsive noise detection, this Annex E remains, but, the title was revised, accordingly.
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Annex F
(informative)

A hearing model approach to calculate psychoacoustic parameters

F.1 Scope

This annex describes a perception-model-based procedure for determining the specific loudness of a sound.
This result can be used as basis for further psychoacoustic analyses. The described psychoacoustic hearing
model transforms calibrated sound pressure data into psychoacoustic loudness 2, from which subsequent
calculations can be made.

F.2 Annex status

Although this annex is informative, it contains requirements for fulfilment when its procedures are referenced
normatively by another standard or test code. These requirements are generally identified through the use of
the prescriptive word “shall”.

F.3 Psychoacoustic hearing model

F.3.1 Overview

Figure F.1 displays the basic hearing model structure for calculating specific loudness as the basis for
determining other psychoacoustic sensations. Subsequently, the different signal processing blocks of the
hearing model are briefly explained. The input signal p(n) is a discrete time signal containing sound pressure
values with a sampling rate of f, = 48 kHz 3.

3The common sampling rate f; = 48 kHz is chosen to ensure that the entire audible frequency range is covered. In the
following, the coefficients of some of the digital filters are given only for the sampling rate f; = 48 kHz. If input data is
sampled at a different rate, resampling to 48 kHz needs to be performed.
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Figure F.1 — Basic hearing model structure
F.3.2 Outer and middle ear filtering

F.3.2.1 Theory

The pre-processing consists of filtering the input signal p(n) with outer and middle ear transfer functions. The
transfer function of the filter is chosen such that the filtering together with the loudness threshold LTQ(z) (as
explained in Section F.3.7) leads to a loudness estimation emulating the equal-loudness contours from 20 to
90 phon (with a step size of 10 phon) and the lower threshold of hearing.# The filter is optimized on the equal-
loudness contours of ISO 226:2003 for frequencies higher than 1 kHz. For lower frequencies, the equal-
loudness contours of 1SO 226:1987 are chosen as target because there is a large uncertainty of the
experimental data at low frequencies >4 and in addition recent studies showed that the less noise-sensitive
curves of ISO 226:2003 do underestimate low-frequency noise issues 5% 561, Thus, the more sensitive curves
are preferred.

4 In Zwicker’s loudness model®3 the influence of the outer and middle ear transfer functions is considered by the ear’s
transmission characteristic a,.
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Figure F.2 — Mixed equal loudness contours (ISO 226:1987 for f <1 kHz, ISO 226:2003 for f > 1 kHz)
used as target for the filter transfer function
The lower threshold of hearing is taken from ISO 226:2003 for all frequencies as the minimum of both versions
of ISO 226 to be more sensitive to tonal noise. This corresponds also to the data of the lower threshold of

hearing published in ISO 389-7:2005. The target equal-loudness contours are illustrated in Figure F.2. An
evaluation of the hearing model showing the emulated equal-loudness contours is given in Section F.3.8.

F.3.2.2 Implementation

The transfer function of the resulting filter is shown in Figure F.3. For numerical reasons, it is recommended to

implement this high-order filter as K = 8 serially-cascaded second-order filters H, (f). The filter function H(f) is
then defined as

Hp = | [Ho. (F.1)
k=1

Each second-order filter H, (f) can be implemented using the recursive Formula (F.2)

2 2
) = ) bux(r—m) = ) apey(n—m) (F2)
m=0 m

=1

with input x(n) and output y(n). The corresponding filter coefficients are given in Table F.1.
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Figure F.3 — Transfer function of the outer and middle ear filter

Table F.1 — Filter coefficients of outer and middle ear filter

k Outer and middle ear filtering
bog by by Ak Aok

1 109,1142 0 -109,1142 -0,0832 -0,6162
2 0,0259 -0,0410 0,0151 -1,9480 0,9484
3 0,9766 -1,8394 0,8965 -1,8394 0,8732
4 1,3149 -1,6229 0,4618 -1,6229 0,7766
5 0,1805 -0,1512 -0,0016 -0,1512 -0,8211
6 1,1184 -1,4128 0,6168 -1,4128 0,7353
7 1,6307 0,2865 0,1185 0,2865 0,7492
8 0,5896 0,3245 -0,2649 0,3245 -0,6753

The filtering results in a filtered signal py, ().

F.3.3 Auditory filtering bank

F.3.3.1

An auditory filter bank consisting of overlapping asymmetric filters models the frequency-dependent critical
bandwidths and the tuning curves of the frequency-to-place transform of the inner ear, which mediates the firing
of the auditory hair cells as the traveling wave from an incoming sound event progresses along the basilar
membrane. The shape of the auditory filters matches the gammatone filters 571, The amplitude is chosen such
that the filter has a gain of 0 dB at the centre frequency F(z), with z denoting the critical band rate scale. The
critical bandwidth Af(z) is chosen such that it corresponds to the equivalent rectangular bandwidth
(implementation details are given in Formulae (F.6) and (F.7)). The inconstant ratio of bandwidth versus
frequency of the auditory filter bank conveys a high frequency resolution at low frequencies and a high time
resolution at high frequencies, with a very small product of time and frequency resolution at all frequencies,
which empowers, for example, human hearing’s recognition of short-duration low-frequency events. The
impulse responses of the auditory filters are chosen as modulated low-pass filters (j is the imaginary unit)

Theory

2 Re( hyp(t) - exp(jZﬂF(z)t)) = 2+ hyp,(t) - cos(2nF (2)t).

The filters are calculated using the low-pass function

128
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h = - - t
() = &) (k—1)! ' 7(2) ' <‘L’(Z)>

k-1

exp (— %) (F.4)

where k is the filter order®, (t) is the unit step function and the exclamation mark denotes the factorial operation.
7(2) is a time constant, related to Af(z) by

W(z2) = % (zk"_‘ 12) 3 fl(z). (F.5)
The centre frequencies F(z) and corresponding bandwidths Af (z) of the filter bank are calculated as

F(2) = @sinh(cz) (F.6)
and

Af(z2) = J (Af(f = 0))" + (cF(2)2, (F.7)

with z denoting the critical band rate scale. Values for z are chosen from 0,5 to 26,5 with a step size of Az = 0,5.
Af(f = 0) = 81,9289 Hz and ¢ = 0,1618. These functions and settings lead to a better matching to the Bark
table by Zwicker 53] than other existing formulae, as documented in detail in Reference [52].

As discrete approximation of the low-pass filter,

a-ay

-ntdr, F.8
hed! F8)

hip.(n) = &n)

1
fst(2)
value of k.The band-pass filtering using h,(t) can be implemented using the discrete approximation of the band-
pass filter

h,(n) =2 Re ( hip,(n) - exp <]27TF#)> = 2+ hyp,(n) - cos <27rf;ﬂ) (F.9

with time index n and d = exp (— ) is used®; e; depends on the filter order k and is given below for a specific

F.3.3.2 Implementation

In the following, instructions for the implementation of the auditory filters are given: Digital filtering can be
implemented using the recursive Formula (F.10)

k-1 k
y(n) = Z bp,x(n —m) — Z ay(n—m). (F.10)
m=0 m=1

For the discrete low-pass filter hip,(n) as described in Formula (F.8), the real-valued filter coefficients are

a, = (—d)m<7l;), (F.11)

and

S Filter order k = 5 is used.

6 £ = 48 kHz is the sampling rate.
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a-a*

e — e
k-1 i m
i=1 el'd

by = (F.12)

With a used filter order of k = 5 the coefficients ¢; in Formula (F.8) and in Formula (F.12) are given as
eo=0e=1¢e,=11,e5 =11, and e, =1. As explained above, d = exp (— ﬁ) with 7(z) as defined in
Formula (F.5).

The coefficients a,, and b,, can be used for the implementation of the discrete approximation of the low-pass
function given in Formula (F.4)(F.8). However, to obtain the discrete approximation of the band-pass filter in
Formula (F.9), the filter coefficients of the low-pass filter shall be modified to:

a, = Qapexp (—M) (F.13)
and
b,, = b,exp (—M) , (F.14)

with a sampling rate of f; = 48 kHz. Using these modified filter coefficients in the recursive Formula (F.10)
results in a discrete implementation of the auditory filters. The filter results in a complex-valued band-pass signal
with a single-sided spectrum. Two times the even part of the spectrum of this signal corresponds to the real-
valued band-pass signal. Thus, the real-valued band-pass signal can be determined as the double real part of
the complex result.

The auditory filter bank results in CBF = 53 band-pass signals p,n, ,(n) centred around the critical band rate
scale values z ranging from 0,5 to 26,5, thus leading to an extension of the Bark scale to higher frequencies
using 53 critical band filters with an overlap of 50 %.

F.3.4 Rectification

Subsequent half-wave rectification accounts for the fact that the auditory nerves fire only when the basilar
membrane vibrates in a specific direction °8l, The resulting band-pass signals are calculated as

Pomz(M),  Pomz(m) >0

pz(n) ={ 0, Pome(m) <0 (F.15)

F.3.5 Calculation of root-mean-square values

For further processing, segmentation into blocks needs to be performed and blockwise root-mean-square (RMS)
values need to be calculated. For the segmentation, the band-dependent block size s, (z) and the hop size’
sn(z) can be chosen depending on the application. Values for s,(z) and s,(z) for the calculation of the
psychoacoustic tonality are given in Annex G (Section G.5.2, Table G.1).

The segmentation can be described as

7 The hop size is the time shift to the next calculation block, smaller than block size if overlapping is used. It is related to the
percent overlap ov by s, (z) = sp(2) - (100 — ov)/100.
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D1z (n,)

{pz(l sn(@ +n' —sp(2), 0 252 —1sn(2) (F.16)

0, n' <sp(2) —1-su(2)’
with 0 < n' < sp(2) — 1, where the time index [ describes the block number of each block, starting with [ = 0
(corresponding to a time of 0 ms). With this definition, each block p; ,(n") ranges from n =1 - s;,(z) — s,(2) to
n = [-s,(z) — 1. For negative time indices n < 0, p; ,(n') is set to zero.

With the segmented blocks p; ,(n"), the RMS-values are calculated for each block as

sp(2)-1

2
= — E ! F.17
p(l' Z) B sb (Z) nr=0 pl’ZZ(n ) ’ ( )

The factor of 2 is necessary to compensate for the signal energy, which was lost due to the half-wave
rectification. The dependency on the time index [ is dropped in the following, since the further processing steps
are applied to each time block in the same way.

F.3.6 Nonlinearity to transform sound pressure into specific loudness

The compressive nonlinearity of the auditory system is significant for the loudness perception. The specific
loudness distribution, resulting from the application of this nonlinearity to the excitation pattern, also forms the
basis for calculating other psychoacoustic parameters such as tonality, roughness or fluctuation. Such a
nonlinearity function has proven applicable to predict many phenomena like ratio loudness, just-noticeable
amplitude differences and modulation thresholds as well as the level dependence of roughness.

The nonlinearity between specific loudness and sound pressure was reconsidered in the hearing model
according to results of many listening tests 9. Further improvements for higher levels above approximately
80 dB were achieved by introducing a nonlinearity function according to Formula (F.18)

M Vi—Vi—1

AFB) = oy (%) : 1_[ <1 + <§;)Q)T (F.18)

i=1

with root-mean-square values of sound pressure p and thresholds p;, in Pa, p, = 20 pPa. The M thresholds p,
can be derived from Table F.2; a is set to 1,5; ¢y = 0,0224095 is a normalization constant with the unit
sone/Bark to assure that the total loudness of a sinusoid having a frequency of 1 kHz and a sound pressure
level of 40 dB equals 1 sone. The M = 8 exponents v; as given in Table F.2 were achieved by applying a
nonlinear-optimization procedure in order to minimize the root-mean-square error between the results of the
loudness matching experiment and the results of the model calculation. The initial exponent v is set to 1.

Table F.2 — M = 8 thresholds and exponents for the nonlinearity function according to Formula (F.18)

i 1 2 3 4 5 6 7 8
201ogyo( pr,/Po) [dB] 15 25 35 45 55 65 75 85
Vi 0,6602 | 0,0864 | 0,6384 | 0,0328 | 0,4068 | 0,2082 | 0,3994 | 0,6434

The nonlinearity is applied to $(z) in each band z. The resulting variable
NGz = 4(F®) (F.19)

can be interpreted as the specific loudness of the signal without consideration of the threshold in quiet.
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The function according to Formula (F.18) results from an optimization procedure to fit the experimental data
with the lowest root-mean-square error 9, It has a steep slope at high levels, which agrees with results of
experiments from Buus et al. [®%and Epstein et al. 61

F.3.7 Consideration of threshold in quiet

The specific loudness in each band z is zero if it is at or below a critical-band-dependent specific loudness
threshold LTQ(z). The band-specific loudness threshold LTQ(z) is given for each used band number z from 0.5
to 26.5 in Table F.3. Figure F.4 shows the loudness threshold LTQ(z) in dependency of the frequency of the
bands.
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Table F.3 — Specific loudness threshold LTQ(z) for each used value of z

z LTQ(z) z LTQ(z) z LTQ(z) z LTQ(2) z LTQ(z)
0,5 0,6861954 | 6,0 0,0361308 | 11,5 | 0,0072384 | 17,0 | 0,0070092 | 22,5 | 0,0405832
1,0 0,3265776 | 6,5 0,0307362 | 12,0 | 0,0069740 | 17,5 | 0,0073169 | 23,0 | 0,0548518
1,5 0,2132888 | 7,0 0,0260436 | 12,5 | 0,0070014 | 18,0 | 0,0080579 | 23,5 | 0,0774839
2,0 0,1567351 | 7,5 0,0219612 | 13,0 | 0,0071200 | 18,5 | 0,0093904 | 24,0 | 0,0968910
2,5 0,1223881 | 8,0 0,0184365 | 13,5 | 0,0072377 | 19,0 | 0,0114193 | 24,5 | 0,1458987
3,0 0,0990509 | 8,5 0,0154568 | 14,0 | 0,0073111 | 19,5 | 0,0141831 | 25,0 | 0,3201426
3,5 0,0819856 | 9,0 0,0130697 | 14,5 | 0,0073226 | 20,0 | 0,0176473 | 25,5 | 0,6030267
4,0 0,0688422 | 9,5 0,0114783 | 15,0 | 0,0072715 | 20,5 | 0,0216684 | 26,0 | 1,0467875
4,5 0,0583246 | 10,0 | 0,0113849 | 15,5 | 0,0071709 | 21,0 | 0,0259394 | 26,5 | 1,8246805
5,0 0,0496615 | 10,5 | 0,0113818 | 16,0 | 0,0070509 | 21,5 | 0,0300498
5,5 0,0423689 | 11,0 | 0,0083464 | 16,5 | 0,0069663 | 22,0 | 0,0341089
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Figure F.4 — Specific loudness threshold LTQ(2)

The lower threshold of hearing is applied by subtraction and a limiter:

N'(2)

{N '(z) —LTQ(2), N'(2) =LTQ(2) (F.20)

0 N'(z) <LTQ(2)’

The result N'(z) is the specific loudness of the signal. The specific loudness can be used as basis for other
psychoacoustic parameters such as tonality (see Annex G).

A signal is taken to be audible when its total loudness value exceeds 0,01 sone, where total loudness is
calculated summing all specific loudness values, using Az = 0,5 as

=

Il

<
-~
ST
N———

>

N

(F.21)

Consideration of both total and specific loudness has the benefit of allowing loudness summation of sounds
consisting of multiple components near threshold. This approach shall be studied and perhaps optimized later
together with different weighting of the loudness of tonal and non-tonal components.8

F.3.8 Evaluation

The psychoacoustic loudness calculation is evaluated by comparison with the target equal-loudness contours
as shown in Figure F.2. The loudness was calculated for sinusoidal signals with a frequency of 1000 Hz and a
sound pressure level of 20 to 90 dB with a step size of 10 dB. For other frequencies, the level was varied to
match the loudness calculated for the 1000 Hz tone. The same procedure was performed for the lower threshold
of hearing. The results are shown in Figure F.5. The target equal-loudness contours are emulated well by the
results of the hearing model.

8 Recent investigations showed that the existing loudness procedures underestimate the loudness of tonal signals 62,
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Figure F.5 — Results for the equal-loudness contours. The dotted lines show the target equal-
loudness contours, the solid lines are the equal-loudness contours obtained with the hearing model
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Annex G
(informative)

Identification and evaluation of prominent tonalities using a
psychoacoustic tonality calculation method

G.1 Scope

This annex describes a perception-model-based procedure for determining whether or not noise emissions
contain prominent tonalities, and if present, their strengths: the psychoacoustic tonality calculation method. A
similar approach was published in 1998 for the determination of “pitch salience” 163, The calculation is based on
the specific loudness as described in Annex F.

Prominent perceived tonalities arise from a variety of causes including but not limited to prominent discrete
tones: discrete tones, non-pure tones, narrow elevated noise bands, combinations of tones and narrow elevated
noise bands, band-edges of various slopes terminating elevated noise bands of various bandwidths, and
combinations of these. This annex defines a procedure for identifying and ranking tonalities from any causes.

G.2 Annex status

Although this annex is informative, it contains requirements for fulfilment when its procedures are referenced
normatively by another standard or test code. These requirements are generally identified through the use of
the prescriptive word “shall”.

G.3 Psychoacoustic background

G.3.1 Tone-to-Noise Ratio (TNR), Prominence Ratio (PR) (both Annex D), and
Psychoacoustic Tonality Calculation Method (Annex G), comparative basis

The discrete-tone tonality methods described in Annex D may be considered hybrids, as they apply a
psychoacoustic concept (the critical bandwidth) but operate with conventional sound pressure level information
rather than perception-based level information (loudness) as input data. Thus, they do not inherently consider
loudness-based perceptual tonal masking variation and the threshold of hearing, though an auxiliary procedure
for hearing threshold compensation has been described.

G.3.2 Rationale for a pure-psychoacoustic method

By operating entirely in the psychoacoustic domain using the well-established Zwicker specific loudness
procedure and then a hearing model to separate the loudness of tonal and non-tonal components, a unitary
basis is established inherently considering the hearing threshold, loudness-level-dependent masking, and
frequency-dependent masking. In this way, the psychoacoustic tonality calculation method provides an objective
means for evaluating perceivable tonalities due to individual and combined tonal features at any loudness values.

Single-critical-band tonality calculation methods such as the tone-to-noise ratio method can misrepresent the
perceived tonality of a situation involving, for example, a narrow-elevated noise band in close conjunction with
a discrete tone, where a majority of the level of the narrow noise band, as well as the discrete tone, both occupy
the critical bandwidth centred on the discrete tone. Because a single-critical-bandwidth method cannot
recognize when a non-tonal noise level inside a centred band is not continued outside that critical band, it
assigns any noise level inside the centred critical bandwidth as a masker, whereas in a case as described it is
a source of perceived tonality which adds to the perceived tonality due to the discrete tone.
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G.4 Determination of tonality

G.4.1 Tonalities and their relationships to the threshold of hearing

Discrete tones or other tonalities should only be classified as prominent if they are, in fact, audible in the noise
emissions of the equipment under test. For the tonality calculation methods as described in Annex D, a pre-
calculation screening test is recommended concerning audibility of the tonality. From calibrated acoustical
measurement time-data, this step is not required with the psychoacoustic tonality calculation method regardless
of proximity to the threshold of hearing because the method inherently considers the threshold of hearing and
the psychoacoustic loudness of tonal and non-tonal components.

NOTE Normalization of noise near threshold of hearing is not required as described in Annex D.7 if the evaluation with
the psychoacoustic tonality calculation method is performed.

G.4.2 Multiple tones in a critical band, and time-variation of tonality due to their interaction

The noise emitted by a machine may contain multiple tones or narrowband tonalities, several of which may fall
within a single critical band. Besides the likelihood of increased overall tonality strength due to a plurality of
tones within one critical bandwidth, there is a strong likelihood of beating interference between or among the
plural tonalities causing time structure (amplitude modulation): periodic additions and cancellations affecting the
strength of the perceived tonality within that critical band.

G.5 Psychoacoustic tonality calculation method

G.5.1 Overview

Tonality perceptions arising from spectrally-elevated noise bands of various widths and slopes and from non-
pure tones as well as from discrete (pure) tones, and from combinations of these, can be mis-measured or
escape measure in “hybrid” sound pressure based tools and tools sensitive only to discrete tones. To address
such issues, a new psychoacoustically-based tonality calculation method based on the hearing model in
Annex F 54 was developed. The applicability of the model was investigated for technical sounds and compared
to established methods of tonality calculation 1631 1661 67, The method automatically considers the threshold of
hearing because the hearing threshold is built into the hearing model [¢7].

Recent research results show a strong correlation between tonality perception and the partial loudness of tonal
sound components (68l [69]. [70], Therefore, the new hearing model approach to tonality on the basis of the
perceived loudness of tonal content has been developed. The new model evaluates the nonlinear and time-
dependent specific loudness of both tonal and broadband components, which are separated using the
autocorrelation function. This model has been validated by many sound situations and listening tests 651,

In early publications, Licklider assumed that human pitch perception is based on both spectral and temporal
cues "1, According to Licklider, the neuronal processing in human hearing applies a running autocorrelation
analysis of the critical band signals. Under this assumption, psychoacoustic tonality phenomena like difference-
tone perception or the missing-fundamental phenomenon can be explained.

This work inspired the idea to use the sliding autocorrelation function as a processing block in the hearing model
for the calculation of roughness and fluctuation strength 66l [72l. [73] and |ater for other psychoacoustic quantities
like tonality [ and loudness 52, The psychoacoustic tonality calculation is based on scaled ACFs ¢,'(m) (see
Section G.5.2, with z denoting the critical band rate scale and m denoting the lag), which are calculated using
the specific loudness N'(z) (see Formula (F.20)) and the CBF = 53 rectified band-pass signals p,(n) (see
Section F.3.4) as described in Annex F.

The further processing for tonality calculation is performed similarly as published in References [65], [66] and
[67] as shown in Figure G.1 and described in detail as follows:
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Figure G.1 — Calculation of tonality based on the scaled ACFs as described in Reference [65], but
with frequency-dependent analysis window borders

G.5.2 Autocorrelation function

Recently, it was proposed to use the autocorrelation function of the band-pass signals to separate tonal content
from noise 152. The autocorrelation function of white Gaussian noise is characterized by a Dirac impulse. Any
broadband noise signal has at least a non-periodic autocorrelation function with high values at low lags, whereas
the autocorrelation function (ACF) of periodic signals shows also a periodic structure 74, Thus, the loudness of
the tonal component can be estimated by analyzing the ACF at a certain range with respect to the lag m, and
also the loudness of the remaining (noisy) part.The calculation of the sliding ACF is time-consuming. Therefore,
the sliding ACF is calculated block-wise using the DFT to shorten computing time. An overlap of 75 % is used
for neighboring blocks. There is a low-pass effect due to averaging over the block length. The ACF is performed
on the same blocks p, ,(n") (see Formula (F.16)) of the overlapping critical band signals, from which the root-
mean-square values were calculated in Section F.3.5.

For each block of length s, (z), an unbiased autocorrelation function ¢, ,(m) is calculated as

o , sp(z)-m-1
AT NS [ e gy O

=0 nr=0

This new estimate of an unbiased autocorrelation function compensates for lower overlaps at higher lag m,
while avoiding overcompensations, which could lead to values higher than the signal energy by the
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normalization factor in the square root.? The dependency on the time index [ is dropped in the following, since
the further processing steps are applied to each time block in the same way.

For slowly varying low-frequency band-pass signals, a greater block length sy, (z) is necessary than for higher-
frequency bands. Thus, different block lengths are used, depending on the frequency band. The block length is
chosen corresponding to the bandwidth Af(z) of each frequency band as described in Table G.1. The given
values for the block size s, (z) and the hop sizel0 s, (z) also need to be used for the calculation of the root-
mean-square values for the loudness calculation (see Section F.3.5).

Table G.1 — Block length s, (z) and hop size s,(z) for the calculation of the autocorrelation function

Af(z)| 0— 85Hz | 85—170Hz | 170 — 340 Hz > 340 Hz
z 05— 1,5 2-8 8,5 — 12,5 >13

sp(2) 8192 4096 2048 1024

sn(2) 2048 1024 512 256

The autocorrelation function has to to be calculated with two different block lengths for some frequency bands
to allow averaging over neighboring bands in later processing steps, as explained in G.5.3.

The entire ACF is normalized and multiplied with the specific loudness of the signalll:

N'(2)
®,(0)

@, (m) @, (m), (G.2)

resulting in scaled2 ACFs ¢.(m) which can be used for further analysis of the tonality.

9 A common problem when estimating a block-wise autocorrelation function is the decreasing overlap of the blocks with
increasing lag m. The biased autocorrelation

sp(z2)-m-1

> P +m

nr=0

Pz (m) = Sp (Z)

does not consider this problem and thus leads to decreasing values for higher lag values, even if the signal is perfectly
periodic. The commonly used approach for the unbiased autocorrelation, which aims on compensating this problem, is

sp(z2)-m-1

1 -
sp(2) — m| Z p,(W)p,(n' +m).

nr=0

@,(m)

However, this approach can lead to unwanted effects, because the result does not necessarily fulfill the condition
@,(m) < ¢,(0), which is an essential property of the autocorrelation function. The new approach for the unbiased
autocorrelation solves this problem by taking the energies of the overlapping parts of the blocks into account [7%,

10 The hop size is the time shift to the next calculation block, smaller than block size if overlapping is used. It is related to
the percent overlap ov by s,(z) = s,(2)(100 — ov)/100.

11 N'(2) is the specific loudness calculated in Formula (F.20).

12 The ACF is scaled such that @,'(0) represents the specific loudness N'(z).
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G.5.3 Averaging of ACFs

First, ACFs of neighboring bands are averaged in order to reduce noise. Averaging is performed over 2NB + 1
bands, i.e., each band is averaged with the neighboring NB lower and NB higher frequency bands. The value
NB is chosen depending on the block size as described in Table G.2. Since averaging needs to be performed
with identical block size, it needs to be ensured that the autocorrelation function of neighboring bands is
available in the same block size. Thus, for frequency bands close to block size changes, the autocorrelation
function needs to be calculated with two different block sizes. If not enough neighboring frequency bands exist
(for the lower frequency bands), NB is reduced such that averaging is still performed symmetrically centred
around the particular frequency band. An exception is made for the lowest frequency band, which is averaged
only with the second-lowest frequency band. This is necessary, because a symmetric averaging is not possible
because of the missing lower band. No averaging on the other hand results in high noise artifacts.

Table G.2 — Number of bands to average NB depending on block size sy

Sy 8192 4096 2048 1024

NB 2 2 1 0

In a next step, ACFs are averaged over neighboring blocks in time for further reduction of noise. This block
averaging is done only for the block sizes s, = 8192 and s;, = 4096, in which case the ACF in a given block is
averaged with the ACFs in the preceding and the subsequent blocks.

The outcome of the two averaging steps is a modified, noise reduced scaled ACF @,'(m).

G.5.4 Application of ACF window

A lag window with frequency-dependent limits (T4 (2) and t.,q(2)) according to Formulae (G.3) and (G.4) is
applied to the ACF @,'(m) to separate tonal from noisy content:

0,5
Tstart(z) = max (W,Tmin), (G.3)
4
Tend (2) IO} (G.4)

Here Af (z) is the bandwidth of the critical band centred at z, T;, IS 2 ms.

It can be shown that the autocorrelation function of a periodic signal is itself periodic ["4. In the case of a pure
tone, the period of the ACF equals the period of the tone. Consequently, the signal energy of a pure tone can
be identified at multiples of the signal period. For white Gaussian noise, the autocorrelation function is a Dirac
impulse, weighted by the power spectral density of the noise["4. In case of broadband white noise, the
autocorrelation function converges towards a Dirac impulse.
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Figure G.2 — Positioning of the ACF window for tonal content separation. This example shows the
autocorrelation function of atone in pink background noise

Figure G.2 visualizes the placement of the ACF window for the autocorrelation function of a tone in pink
background noise.13

G.5.5 Estimation of tonal loudness

The specific loudness of the tonal component is estimated by evaluating the spectrum of the ACF inside the lag
window whose length M depends on the sample rate and the lag limits of Formulae (G.3) and (G.4). First, the
mean value of the windowed ACF is removed. This windowed ACF with removed mean is named ¢; .(m) in the

following. Second, a 2s,,-point DFT14 of the M samples is performed by zero padding, where s, is the block size
given in Table G.1:

®,.(k) = DFTy (¢he(m)). (G5)

Next, a frequency range R(z) is defined for a maximum search in the spectrum:

T F @) + = (G.6)

. =F@_M@ M@}

The maximum of the spectrum in the defined frequency range is searched, meaning, that the largest tonal
content is extracted:

max (CD'Z,T(k) )
Atronal (Z) = 2 < M ' (G-7)

2

13 The motivation for the limits given in Formulae (G.3) and (G.4) is as follows: In Figure G.2, the energy distribution at small
lags results from the noisy background and is disregarded by appropriately choosing the lower window border. Nevertheless,
narrow-band noise also causes a perception of tonality when the bandwidth is kept comparatively low (i.e. few critical bands).
This effect leads to a compromise for the placement of the window borders: For a lower bandwidth, the effect of the low-
pass filtered noise on the ACF reaches higher lags than for a larger bandwidth. Thus the window needs to be moved to
higher lags for a lower bandwidth. On the other hand, higher lags are less reliable, since they are calculated from a smaller
number of samples. Therefore, the upper limit of the window should not be chosen too large.

14 The N-point DFT is defined as X (k) = DFTy(x(n)) = ENZ4 x(n) - e J2mn/N,
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N/, (2) is a first estimation of the specific loudness of the tonal component. The frequency f;(z) of this
component in the critical band centred around z can be estimated by first finding the DFT indeX k.
corresponding to the maximum of @', (k).

kmax(2) = arg max ((D’z,r(k)) (G.8)
kER(z)

and calculating the corresponding frequency

fs
2sp(2)

fe(2) = kmax(2) * (G.9)

While this approach is capable of analyzing tonalities with a rather high frequency resolution, it might
underestimate tonal content when the corresponding frequency changes quickly inside of one block. This should
be considered, even though the adaptive block size with smaller blocks for high frequencies aims on reducing
this problem, since quickly varying frequencies usually occur at high frequencies.

G.5.6 Resampling to common time basis

For the further processing, the dependency of the time of each processed block becomes important. Thus, the
time index [ (introduced in Section G.5.2) needs to be considered. Since the results of different bands are in a
different time basis at this stage of the processing due to a different block length, the bands with a higher block
size are resampled to correspond to the time basis of the blocks calculated with the smallest block size of 1024.
The time index [ corresponding to this block size is used in the following. Thus, N/,,.;(l,z) denotes the
estimation of the specific loudness of the tonal component in the critical band centred around z at time index L.

The sampling rate of these estimations is f;q = Sf—s = % = 187,5 Hz.
h,min

G.5.7 Noise reduction

N/, (L, 2) is a first estimation of the specific loudness of the tonal component. However, the specific loudness
of the tonal component is usually overestimated at this stage of the estimation process due to the tonal character
of noise in the narrow-band filtered bands. Thus, further noise reduction is necessary. This is done by application
of nonlinear sigmoid weighting of tonal vs. noise components. N/, ., (, z) is the tonal part of the specific loudness
of the complete band-pass signal. The corresponding specific loudness of the complete band-pass signal is
given by the autocorrelation function at zero lag:

Ns’ignal(lﬂz) = (ﬁl,z(m =0). (GlO)

A first approximation of the signal-to-noise ratio in the band of interest can be derived as

’

— N l’
SNR(l,z) = tonat () (G.11)

’

Nsignal(l’ Z) - Ntonal(l’ Z)

Since the estimation of the tonal component might contain unsteady parts, low-pass filtering is performed over
the temporal dimension of N/,,.;(l, z) and SNR(l, z). A cutoff frequency of 3,5 Hz is used. The filter defined in
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Formula (F.8) is used with order k = 3. The filter coefficients of the low-pass filter h p(l) can be calculated
according to formulae (F.11) and (F.12).15 The filtered signals are then

N{onal(l' Z) = ﬁt,onal(llz) * hLP(l) (G.lZ)
and

SNR(l, 2)

SNR(l, z) * hip(D), (G.13)

where * denotes the convolution. These filtered signals are used for further processing in Formulae (G.14) and
(G.16).

Band-dependent noise reduction is achieved by weighting the filtered specific loudness N, ., (, z) of the tonal
component by a sigmoid function

. mil,z)_ﬁ . s”ﬁgz;)_ﬁ
nr(,z) o= {17° o) e_a.(sﬂﬁ(iz)_ )< L (G.14)
0 e «(F5h) >1

with parameters a and 8 as given in Table G.3. Sigmoidal weighting significantly reduces wrongly-detected
specific loudness of tonal components for broadband signals. The frequency dependent factor g(z) is calculated
as

9(2) = % (G.15)

where the parameters ¢ and d are chosen depending on the blocksize s, (z) (see Table G.1). This function
mitigates frequency-dependent overestimations of the tonality estimation (due to the different block sizes) such
that SNR(l, z)/g(z) is approximately constant over z for pink noise signals.

The specific loudness of the tonal component, N/,,.1(l, 2), is then modelled as

Ntlonal(l'z) = nr(lvz)']vtlonal(l'z)' (G]-G)

The parameters «a, 3, are given in Table G.3, c(sy(2)) and d(sp(z)) are given in Table G.4.

15 For Formula (F.12) the following factors e; have to be used for a filter order of k = 3: ¢, = 0,e; = 1, e, = 1.
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Table G.3 — Parameters for the noise reduction function nr(l, z) (Formula (G.14))

Parameter a

B

Value 20

0,07

Table G.4 — Parameters for the frequency dependent factor g(z) (Formula (G.15))

sp(2) 8192 4096 2048 1024
c(sp(2) 18,21 12,14 417,54 962,68
d(sp(2) 0,36 0,36 0,71 0,69

G.5.8 Calculation of time-dependent specific tonality

The perceived tonality is not only dependent on the tonal content in each band, but also on the signal-to-noise
ratio over all bands at each time instance [. Thus, to finally model the tonality of the signal, the overall loudness
signal-to-noise ratio is evaluated across all bands. First, a new estimation of the specific loudness of the noise

component is calculated, using the final estimation of the specific loudness of the tonal component:

erloise(l' Z) = Ns’ignal(llz) * hLP(l) - Ntlonal(llz)'

The overall loudness signal-to-noise ratio is calculated as

mZaX Nt,onal (l' Z)

SNRD = NG

A scaling factor

1— e—A-(SNR(l)—B)’ e—A-(SNR(l)—B) <1
0 e—A-(SNR(l)—B) >1

q(D) = {

is applied multiplicatively. The parameters A and B are given in Table G.5.
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Table G.5 — Parameters for the scaling factor (Formula (G.19))

Parameter A B
Value 35 0,003

Thus, the final estimation of the time-dependent specific tonality is given as

T'(l,2) = ¢ q() " Niona(l,2), (G.20)
where c; = 2,780402 is a calibration factor.
The unit of the tonality calculated by the psychoacoustic tonality method is given in tunwvs (tonality units according

to the hearing model of Sottek described in Annex F). The psychoacoustic tonality method is calibrated using a
1 kHz tone with a sound pressure level of 40 dB. The tonality value shall be for this signal 1 tunws.

G.5.9 Calculation of representative values

The specific tonality T'(z) is taken by averaging the time-dependent specific tonality T'(l, z). The averaging is
performed as follows:

1. The first tonality values T'(l, z) for 0 < | < 56 (approximately corresponding to the first 300 ms of the
input signal) are discarded due to the transient responses of the digital filters.

2. Only values that exceed a specific tonality value of 0,02 tunms are used for averaging. This step
ensures that the single value is independent of parts of the signal without noticeable tonal
components.

This averaging can be described mathematically as
T'@) —Srema
Z = — Z),Z),
#(l’(Z)) a (GZ].)

with
l’(Z) = {l = 57| T’(l, Z) > 0,02 tuHMs}, (G22)

using set notation16. The frequencies f,(z) are calculated by accordingly averaging the frequency f,(l, z) over
corresponding time indices:

1
fi(z) = met(l'(z),z). (G.23)

G.5.10 Calculation of time-dependent tonality

The time-dependent tonality T (1) is taken as the maximum of the time-dependent specific tonalities T'(l, z) over
all bands z. If the user is only interested in one specific tonal event, a user defined frequency range [f;, f, ] can
be specified. In this case, only critical bands centred around z with the properties

16 |n set notation, {x | ®(x)} denotes all elements x with the property @(x). #(4) denotes the cardinality (i.e. the number
of elements) of a set A.
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F(z) + F(z+0,5)

fi 3 (G.24)
and

£, F(z) + Fz(z -0,5) (G.25)
are considered. The resulting critical bands between z, and z, are used for the maximum search:

T = Zer{l;ﬁ;(h] T'(l,z) (G.26)
The corresponding frequency f; (1) is given as

D = fi(l Zmax(D) (G.27)

where z,,..(1) is the band in which the maximum of the time-dependent specific tonality T'(l, z) was found for a
given time instance [.

G.5.11 Calculation of representative values

The single value T of the tonality of the signal is taken by averaging the time-dependent overall tonality T (1).
The averaging is performed in the same way as described in Formula (G.21)

1
T %Z T, (G.28)

with

=
Il

G.5.12 Application example

Figure G.3 shows analysis results for a frequency-modulated signal with a low modulation rate of 2 Hz, a
modulation index of 150 at a frequency of 2 kHz and with very low sound pressure (L = 30 dB).

From top to bottom, it shows:

1. the spectrum (FFT size 65536, sampling rate 48 kHz), a smoothed spectrum (1/24" octave smoothed
FFT: the “background noise”, useful to show general shapes while not resolving pure tones), and a 1-
critical-bandwidth peak-hold spectrum as “critical bandwidth ruler”;

2. the Tone-to-Noise Ratio results along with the TNR tolerance line (Annex D);

3. the Prominence Ratio (PR) calculated as a full spectrum for each frequency of interest (Specific
Prominence Ratio, SPR), both with and without recognition only of pure tones, along with the
PR tolerance line (Annex D).

TNR and PR fail since the corresponding tolerance lines are not exceeded. Only SPR shows a marginal value
for a signal with a clearly prominent tonality (even though at a very low sound pressure level).
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Figure G.3 — Top: Different spectral representations (FFT and smoothed FFT) of a frequency-
modulated tone; Middle: corresponding TNR results (scale gives dB of tonal audibility); Bottom:
corresponding PR values tones-only (according to Annex D) using critical bands (CB) and complete
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SPR not constrained only to pure tones results
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Figure G.4 depicts the specific psychoacoustic tonality analysis of the same sound as shown in Figure G.3 with
a distinct tonal content: The location of the maximum of the specific tonality is changing over time, but the
magnitude is almost constant, leading to a stable tonality prediction based on the assumption that the perceived
tonality is taken as the maximum of the specific tonality. This corresponds well to the auditory impression.

Specific Tonality vs. Time

0.8
10000
0.7
5000
0.6
2000 05
1000 04
500
03
200 02
100 0.1
50
0 0.2 0.4 06 0.8 1

Time [s]

Frequency [Hz]
Ui

Figure G.4 — Specific psychoacoustic tonality analysis of the same sound used as source for the
results of the analyses shown in Figure G.3

G.5.13 Evaluation

The psychoacoustic tonality is evaluated by comparison with listening test results. As a reference, PR is also
added to the comparison. TNR values were also calculated. However, since they were very similar to the results
of the PR, they are not displayed in the results for reasons of clarity.

For the listening tests, mixtures of a sinusoidal tone with a frequency of 1000 Hz with different levels and pink
noise with different levels were used. Thus, the effect of different signal-to-noise-ratios can be evaluated for
different levels. Five different tests were performed. In all five tests, the level of the pink noise was varied from
40 dB SPL to 80 dB SPL with a step size of 5 dB SPL. The tests differed in the level of the sinusoidal tone,
which was chosen from 55 dB SPL to 75 dB SPL with a step size of 5 dB SPL.

The tests were performed with 16 test subjects. The test subjects were asked to rate the tonality of each sound
on a 13-pt categorical scale (ranging from “O - not tonal” to “12 - extremely tonal”). To compare the results of
the listening tests with the results of the psychoacoustic model, a linear scaling factor was used for the results
of the listening tests. Another scaling factor was used to map the results of the listening tests to the results of
the PR. The scaling factors were derived by minimizing the root-mean-square error between the mean ratings
of all participants and the calculated psychoacoustic tonality (or the PR, respectively) of all five experiments.

The results of the evaluation are shown in Figure G.5. The results illustrate one problem of the PR: it decreases

linearly for decreasing SNR. The tonality perception however does not decrease linearly according to the
experimental results. The results of the psychoacoustic hearing model fit much better to the perceived tonality.
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Figure G.5 — Psychoacoustic tonality and Prominence Ratio compared to results of listening tests

Since experimental results are subject to statistical uncertainty, the variance of the results need to be considered.
Thus, an error measure was defined, taking into account the 95 % confidence interval of the results. First, the
results of the psychoacoustic tonality were scaled such that they are comparable to the tonality ratings of the
listening tests. The experimental results are compared to the scaled psychoacoustic tonality. If the
psychoacoustic tonality lies within the 95 % confidence interval, no error is assumed. If it is outside of the
confidence interval, the error is taken as the difference to the confidence interval. The root-mean-square error
of this value is calculated. An error for the PR was calculated in the same way, scaling the PR to make it
comparable with the results of the listening tests.

The better performance of the psychoacoustic hearing model is also reflected in this error measure. For the
psychoacoustic tonality, the error measure over all five experiments (related to the 13-pt categorical scale) was
0,21, for the PR it was 0,70, for the TNR (not shown in the figures) it was 0,74.

Further application examples related to IT equipment can be found in Reference [76].
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G.6 Information to be recorded for prominent tonalities

For stationary sounds, a tonal component in the critical band z.,,, is identified as prominent, if the specific
tonality T'(z.ona1) €Xceeds a value of 0,4 tunms. For each tonal component that has been identified as prominent
according to this annex, the following information shall be recorded:

a) the user defined frequency range [f;, f, ] for searching prominent tonalities (Formulae (G.24) and (G.25));

b) the frequency, f;(Zwonal), I hertz, of the tonality in the corresponding critical band z.,,, (see Formula
(G.23));

C) details of the method used to evaluate the tonality (G.5 psychoacoustic tonality calculation method),
together with a reference to this Standard;

d) the psychoacoustic tonality value T'(zina1) (S€€ Formula (G.21)).

For non-stationary sounds, a signal is considered to contain prominent tonalities, if the time-independent single
value T of the time-dependent tonality T'(l) exceeds a value of 0,4 tunvs (see Formula (G.28). If the signal has
been identified to contain prominent tonalities according to this annex, the following information shall be
recorded:

a) the user defined frequency range [f;, f, ] for searching prominent tonalities (Formulae (G.24) and (G.25));

b) the time-dependent frequency, f; (1), in hertz (see Formula (G.27)) of the time-dependent tonality T (1);

c) details of the method used to evaluate the tonality (G.5 psychoacoustic tonality calculation method),
together with a reference to this Standard;

d) the time-dependent psychoacoustic tonality value T (1) (see Formula (G.26)).

e) the time-independent single value T (see Formula (G.28)).

NOTE The criterion for prominence of tonalities for the psychoacoustic tonality calculation method (G.5) is independent
of frequency 0,4 tunms (tonality units according to the hearing model of Sottek described in Annex F).
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