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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

The advent of road transport vehicles that rely, in whole or in part, on alternative drive trains (e.g.
electromotive propulsion) is serving to reduce both air and noise pollution and their adverse impacts on
citizens throughout the world. However, the environmental benefits achieved to date by these “hybrid or
pure electric” road vehicles have resulted in the unintended consequence of removing a source of audible
signal that is used by various groups of pedestrians (e.g. in particular, blind and low vision persons) to detect

the approa

ch, presence and/or departure of road vehicles.

Therefore, this document has been developed to provide a method to measure the sound emission of road
vehicles at standstill and low speed operation, as well as to quantify the characteristics of any external
sound-generation system installed for the purpose of conveying acoustic information about the approach,

presence a

This docun
of reporteq
not rely on|
considerin
identify fre

This docun
for Pedesti

nd/or departure of the vehicle to nearby pedestrians.

hent incorporates additional sensor locations and provisions to reduce the measukémer
| results and to introduce a metric for determining the frequency of tonal component
prior knowledge of the sound signal. Tonal loudness calculates the audibilityof the gi
b how the sounds are perceived by people, providing an optional metric tg-assess deted
quency content.

ians Subcommittee and the SAE Advanced Driver Assistance Committee.
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nent was developed in cooperation with the Society of Automotive Ergineers (SAE) Velpicle Sound
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Acoustics — Measurement of sound emitted by road vehicles
of category M and N at standstill and low speed operation —
Engineering method

1 Scope

This docu
sound emi
specificati
consistent
method is

of results 4

The test m
conditions

ment is derived from ISO 362-1[2] and specifies an engineering method for me
fted by M and N category road vehicles at standstill and low speed operating-can
pbns reproduce the level of sound which is generated by the principal vehi¢le sou
with stationary and low speed vehicle operating conditions relevant for pedestrian
lesigned to meet the requirements of simplicity as far as they are consisténtwith rep
nder the operating conditions of the vehicle.

pthod requires an acoustic environment which is only obtained infairextensive open 9§
usually exist during the following:

— measurements of vehicles for regulatory certification;
— measurements at the manufacturing stage;

— measurements at official testing stations.

The results obtained by this method give an objective measure of the sound emitted under th
conditions| of test. It is necessary to consider the faet' that the subjective appraisal of the
perceptibility, and/or detectability of different motor vehicles or classes of motor vehicles d
sound emipsion are not simply related to the indications of a sound measurement system. As
perceptibility and/or detectability are stronglyrelated to personal human perception, physiolog

condition,
not useful

Spot check
are carrieq
this docunj
conditions

In additiof, this document provides an engineering method to measure the performance

sound gen
a vehicle’s
sound gene
frequency

culture, and environmental conditions, there are large variations and therefore thesg
hs parameters to describe a specific vehicle condition.

s of vehicles chosen at randem rarely occur in an ideal acoustic environment. If me3
| out on the road in an{acoustic environment which does not fulfil the requirement]
ent, the results obtained might deviate appreciably from the results obtained using th

bration systeéms intended for the purpose of providing acoustic information to pedg
operating)condition. This information is reported as objective criteria related to t}
ration'system’s sound pressure level, frequency content, and changes in sound pressut
rontent as a function of vehicle speed.

uring the

glistions. The

hd sources
safety. The
oducibility

pace. Such

e specified
hnnoyance,
e to their
hnnoyance,
ical human
terms are

surements
S stated in
e specified

f external
strians on
le external
e level and

This docu

et adds a metric retated to the tranmarm perception of tomat foudness,; the psychoacous

Lic tonality.

The psychoacoustic tonality can be used to estimate audible frequency shifts of the sounds by identifying
the most audible component in each auditory frequency band (critical band), as well as to determine if the

band(s) so

identified meet audibility criteria.

Annex A and Annex C contains background information relevant in the development of this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

© IS0 2024 - All rights reserved
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ISO 3745:2012, Acoustics — Determination of sound power levels and sound energy levels of noise sources using
sound pressure — Precision methods for anechoic rooms and hemi-anechoic rooms

ISO 10844, Acoustics — Specification of test tracks for measuring sound emitted by road vehicles and their tyres

[SO 26101-1, Acoustics — Test methods for the qualification of the acoustic environment — Part 1: Qualification
of free-field environments

IEC 60942, Electroacoustics — Sound calibrators
IEC 61260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Specifications

IEC 61672-1, Electroacoustics — Sound level meters — Part 1: Specifications

IEC 61672-B, Electroacoustics — Sound level meters — Part 3: Periodic tests

ISO/IEC Ghide 98-3, Uncertainty of measurement — Part 3: Guide to the expression [Qf)tndertainty in
measuremeént (GUM:1995)

ECMA-418}2, Psychoacoustic metrics for ITT equipment: models based on human perception

3 Termis and definitions

For the pugposes of this document, the following terms and definitions,apply.

2]

[SO and IE( maintain terminology databases for use in standardization at the following addresse|

— ISO Online browsing platform: available at https://www.is@:0rg/obp

— IEC Elgctropedia: available at https://www.electropedia.org/

31
front reference plane
vertical plgne tangent to the leading edge of the vehicle

3.2
rear refergnce plane
vertical plgne tangent to the trailing edge of the vehicle

3.3
external spund generation system
system that provides an acoustic signal to the external environment of the vehicle for the purpos€ to provide
informatiop to pedestrians

3.4

component
external sound generation system (3.3) intended to emit sound information which can be tested|separately
from the vehigle

3.5
kerb mass

complete shipping mass of a vehicle fitted with all equipment necessary for normal operation plus the mass
of the following elements for M1, N1 and M2 having a maximum authorized mass not exceeding 3 500 kg:

— lubricants, coolant (if needed), washer fluid;
— fuel (tank filled to at least 90 % of the capacity specified by the manufacturer);

— other equipment if included as basic parts for the vehicle, such as spare wheel(s), wheel chocks, fire
extinguisher(s), spare parts and tool kit

Note 1 to entry: The definition of kerb mass can vary from country to country, but in this document, it refers to the
definition contained in ISO 1176[4.

© IS0 2024 - All rights reserved
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Note 2 to entry: M and N vehicle categories are defined in SAE J2889-1[8] and ISO 362-1[21,

3.6

mass in running order
nominal mass of an N2, N3 or M2 vehicle having a maximum authorized mass greater than 3 500 kg, or an

M3 vehicle

a)
b)

as determined by the following conditions:

their mass is incorporated in the same way and equal to that of the driver

Note 1 to entry: The driver's mass is calculated in accordance with 1SO 2416[21,

the mass in running order is taken as the sum of the unladen vehicle mass and the driver's mass;

in the case of category M2 and M3 vehicles that include seating positions for additional crewmembers,

Note 2 to en

3.7

full vehicl
operation
specificati

3.8
simulated
operation
testing wh

39

lowest fre
frequency
vehicle und

3.10

try: Unladen vehicle mass is defined in SO 362-1[21,

P operation
bf a vehicle with all systems and components (3.4) operating according-té the man
bn for normal road use

vehicle operation
pf a vehicle with some systems or components (3.4) disabled taveduce noise interferg
ch may include external signals applied to the vehicle to siniulate actual in-use signalg

guency of interest
below which there is no signal content relevant te,the measurement of sound emisg
ler test

critical band

filter with
characteriy

3.11

tonality
characteris
audibly fro

3.12

in the human cochlea describing the’ frequency resolution of the auditory sy
tics that are usually estimated from'the results of masking experiments

tic of sound containing a(single-frequency component or narrow-band components t
m the total sound

specific tgnality

ufacturer’s

nce during

ion for the

stem with

hat emerge

tonality (3.11) in a singleeritical band (3.10)
4 Symbols and abbreviated terms
Table 1— Symbols and abbreviated terms and the paragraph in which they are first psed
Symbol Unit Subclause Explanation
AA o 6.1.2 Line perpendicular to vehicle travel which indicates the
E— beginning of the zone to record sound pressure level during test.
/ Line perpendicular to vehicle travel which indicates end of the
BB — 6.1.2 :
zone to record sound pressure level during test.
cc’ — 6.1.2 Centreline of vehicle travel.
5. -6 dB D.2 Input quantities to allow for any uncertainty in A-weighted sound
1707 e
pressure level.
5.-6 dB D3 Input quantities to allow for any uncertainty in one-third
8 "l4 = octave band A-weighted sound pressure level.

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbol Unit Subclause Explanation
P Hz D.4 Input quantities to allow for any uncertainty in frequency meas-
157721 = urement used for the determination of frequency shift.
f Hz 72531 Single frequency component of external sound generation
i;speed T system at a given vehicle speed.
f Hz 79531 Single frequency component of external sound generation
ref T system at reference vehicle speed.
Afpercent % 7.2.5.3.1 Frequency shift expressed in percent of a reference frequency.
Frequency resolution of narrowband analysis used to measure
Af Hz 7.2.3 frequency spectra for the purpose of determining frequency shift
information.
F Hz 5.1.1 Sampling frequency used by digital signal progéssing system
i — 6.3.2 Index for left or right microphone locations
. Index for single test run within stopped or‘slow speed|cruise test
J — 71.6.1 "
conditions
Ly rund dB 7172 Vehicle A-weighted sound pressure level in stationary forward
: — condjtion.
Vehicle A-weighted sound priessure level in stationarfy reverse
L rev dB 7.1.8 o
, céndition.
L dB 719 Cruise vehicle A-weightédysound pressure level at a vehicle speed
crs,10 S of 10 km/h.
Liest dB 71.6.1 A-weighted sotthd pressure level result of jth tes{ run.
Lyoy dB 6.3.1 Background noise A-weighted sound pressure level.
L dB 6.3.1 Background-hoise A-weighted sound pressure level, left side of
bgn,L,i — vehicle, ith microphone location.
L dB 6.3.1 Background noise A-weighted sound pressure level, right side of
bgn R, — vehicle, ith microphone location.
Background noise one-third octave A-weighted sound pressure
Lpgn_BaAND dB 6.3.2 level. This result is reported as a frequency spectrunj between
160 Hz and 5 000 Hz,
Background noise one-third octave A-weighted sound pressure
Lpgn_BANDL,i dB 6.3.2 level, left side of vehicle, ith microphone location. Thi result is
reported as a frequency spectrum between 160 Hz an¢l 5 000 Hz,
Background noise one-third octave A-weighted sound pressure
Lypgn BANDR, i dB 6.3.2 level, right side of vehicle, ith microphone location. Thjs result is
reported as a frequency spectrum between 160 Hz an¢l 5 000 Hz,
L 4B D.2 A-weighted sound pressure level for any stationary or cruise con-
X — dition for use in assessment of measurement uncertainty.
A-weighted sound pressure level per one-third octav¢ band for
Lyband dB D.3 any stationary or cruise condition for use in assessmept of meas-
urement uncertainty.
L dB D.2 A-weighted sound pressure level for any stationary or cruise con-
xmeas = dition for use in assessment of measurement uncertainty.
MicLeft_; — 71.1 ith Microphone situated at left side of vehicle
MicRight_; — 71.1 ith Microphone situated at right side of vehicle
MicLeft, . 711 Microphone situated at left side of vehicle, with height of 0,8 m
— above ground
. 711 Microphone situated at left side of vehicle, with height of 1,0 m
MicLeft, — B
above ground
MicLeft, . 711 Microphone situated at left side of vehicle, with height of 1,2 m

above ground

© IS0 2024 - All rights reserved
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Table 1 (continued)

Symbol

Unit

Subclause

Explanation

MicLeft,

71.1

Microphone situated at left side of vehicle, with height of 1,4 m

above ground

MicLefts

~
[N
[N

Microphone situated at left side of vehicle, with height of 1,6 m

above ground

MicRight,

~
[N
[N

Microphone situated at right side of vehicle, with height of 0,8 m

above ground

MicRight,

~
[N
=

Microphone situated at right side of vehicle, with height of 1,0 m

above ground

~
=
[N

Microphone situated at right side of vehicle, with height of 1,2 m

MicRighis

above ground

MicRight,

~
=
[N

Microphone situated at right side of vehicle, withheig
above ground

ht of 1,4 m

MicRights

N
=
[N

Microphone situated at right side of vehicle, with heig
above ground

ht of 1,6 m

LMicLeft_i_BAND,j

dB

~
=
>
o

Maximum one-third octave results foreach band over

measurement interval for each MicLeft_; location for th

urement run. This result is repofted as a frequency {
between 160<Hz and 5 000 Hz,

the entire
e jth meas-
pectrum

LyicRright_i BAND,j

dB

~
=
o
o

Maximum one-third octave results for each band over
measurement interval for each MicRight_; location f
measurement run

the entire
r the jth

LMiCLeft_BAND,j

dB

71.6.4.2

Maximum one-third octave results for each band over

measurement interval for all MicLeft_; locations for th

urement rufi.°"This result is reported as a frequency s
between 160 Hz and 5 000 Hz,

the entire
e jth meas-
pectrum

Lyicright_BAND,j

dB

Maximum one-third octave results for each band over

measurement interval for all MicRight_; locations fg

measurement run. This resultis reported as a freque
trum between 160 Hz and 5 000 Hz,

the entire
r the jth
ncy spec-

LMiCLeft_i_B AND

dB

~
=
>
o

Maximum one-third octave results for each band over
measurement interval for each MicLeft_; locati

the entire
on.

LMicRight_i_I AND

dB

N
7
2y
S

Maximum one-third octave results for each band over
measurement interval for each MicRight_; location. Th
reported as a frequency spectrum between 160 Hz an

the entire
isresultis
15000 Hz,

LMicLeft_i_ A,j

dB

7.1.6.3.2

Maximum overall sound pressure level result over t
measurement interval for each MicLeft_; location for th
urement run

e entire
e jth meas-

LMicRight_i_OA,j

daB

7.1.6.3.2

Maximum overall sound pressure level result over t
measurement interval for each MicRight_; location f
measurement run

he entire
r the jth

LMicLeft_ i

dB

7.1.6.2

Maximum overall sound pressure level result over t

e entire

measurement interval for all MicLeft_;locations for th

P jth meas-

urement run

Lyicright_oa,j

dB

Maximum overall sound pressure level result over the entire
measurement interval for all MicRight_; locations for the jth

measurement run

LMiCLeft_i_OA

dB

71.5.3.1

Maximum overall sound pressure level result over the entire

measurement interval for each MicLeft_; locations ave
alljruns

raged over

LMiCRighthOA

dB

71.5.3.1

Maximum overall sound pressure level result over the entire
measurement interval for each MicRight_; locations averaged over

alljruns

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbol Unit Subclause Explanation
dB Maximum one-third octave sound pressure level over the entire
L 7173 measurement interval for all MicLeft; locations averaged over all
MicLeftBAND B Jj measurement runs. This result is reported as a frequency spec-
trum between 160 Hz and 5 000 Hz,
dB Maximum one-third octave sound pressure level over the entire
L 7173 measurement interval for all MicRight; locations averaged over
MicRightBAND s all j measurement runs. This result is reported as a frequency
spectrum between 160 Hz and 5 000 Hz,
L dB 7172 Maximum overall sound pressure level result over the entire
MicLeftOA — measurement interval for all MicLeft, locations
L dB 7172 Maximum overall sound pressure level result overithe entire
MicRightQA D measurement interval for all MicRight; locatigns
N . 723 Block size of digital sample used for discrete Fouyrier
— transform or autopower spectrunt analysis
PP’ . 6.1.2 Line perpendicular to vehicle travel which indicates Ipcation of
E— microphones:.
Veot km/h 7259 Reference vehicle velocity usedfarcalculating frequé¢ncy shift
percentage.
Viest km/h 7.2.5.3.1 Target vehicle test velocity.
Main frequency of tonal‘component in a critical band belonging to
Joand spegd Hz J.6 a certaif frequency shift and speed
I Hz 4.6 Valid frequencies.from the tonality analysis over time |n a critical
band,speed,fijtered 14.6 band belonging to a certain frequency shift and {peed
T’ben tuyms 8 Specific tenality of the background noise in a criticpl band
y Specifictonality in critical band belonging to a certain|frequency
T'speed shit tUhms l4.4 shift and speed
z Barkyys |.4.6 Critical-band rate
Critical-band rate corresponding to a certain frequendy shift and
Zspeed,sh ft BarkHMS —lM P spged q Y

5 Instrumentation

5.1 Instruments for acoustic measurement

5.1.1 General

The apparptus used for measuring the sound pressure level shall be a sound level meter or|equivalent
measurement syStem meeting the requirements of class 1 instruments (inclusive of the recpommended

windscreen, ifused). These requirements are described in IEC 61672-1.

1£01

The entire measurementsystenrsirattbechecked by means of asound catibrator that futfits the requirements
of class 1 sound calibrators in accordance with IEC 60942.

Measurements shall be carried out using the time weighting “F” of the acoustic measurement instrument
and the “A” frequency weighting also described in IEC 61672-1. When using a system that includes a periodic
monitoring of the A-weighted sound pressure level, a reading should be made at a time interval not greater

than 30 ms.

When no general statement or conclusion can be made about conformance of the sound level meter model
to the full specifications of IEC 61672-1, the apparatus used for measuring the sound pressure level shall

© IS0 2024 - All rights reserved
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be a sound level meter or equivalent measurement system meeting the conformity requirements of Class 1
instruments as described in [EC 61672-3.

NOTE The tests of IEC 61672-3 cover only alimited subset of the specifications in IEC 61672-1 for which the scope is
large (temperature range, frequency requirements up to 20 kHz, etc.). It is economically not feasible to verify the whole
IEC 61672-1 requirements on each item of a computerized data acquisition systems model. Apparently, until today, no
computerized data acquisition system available complies with the full specifications of IEC 61672-1. It is beyond the
possibilities of the users of these systems to prove conformity of the instrumentation required by the test code.

When measurements are carried out for one-third octaves, the instrumentation shall meet all requirements
of IEC 61260-1, class 1.

When measurements are carried out for frequency shift, the digital sound recording system shall have at

leasta 16 h

he signal of

interest.

5.1.2 Dalily verification and adjustment

At the be
checked ar
measurem
calibrator

Without af
less than ¢
previous s§

it quantization The qnmpling rate F; and the dynamic range shall he appropriatetat

binning of every measurement session, the entire acoustic measurement syster
d adjusted, if possible, by means of a sound calibrator as described in"5:1.1. At the e
bnt session, the entire acoustic measurement system shall be chécked by means
hs described in 5.1.1.

y further adjustment, the difference between the readings at the beginning and the e
r equal to 0,5 dB. If this value is exceeded, the results of'the measurements obtaine
tisfactory check shall be discarded.

n shall be
d of every
bf a sound

nd shall be
d after the

NOTE1 A bi-yearly IEC 61672-3 calibration permits the use of a daily sensitivity check and adjustment.

NOTE 2  The purpose of the check at the beginning of the measurement session is twofold:

a) To ensyre the measurement system is in good working @rder, and

b) To adjulst the level consistent with the environmental conditions of the day.

The purposg of the check at the end of the measute€mient session is also twofold:

— To ensyre the measurement system remains in good working order, and

— Toverify the adjusted level remains within expected tolerances for a repeatable and reproduceable m¢asurement.
5.1.3 Copformity with requirements

Conformity of the sound-~calibrator with the requirements of IEC 60942 shall be verified once a year.
Conformity of the instPumentation system with the requirements of IEC 61672-1 shall be |verified at
least every 2 years using IEC 61672-3. All conformity testing shall be conducted by a laboratoily, which is
authorized to perform calibrations traceable to the appropriate standards.

NOTE The tests of IEC 61672-3 cover only a limited subset of the specifications in IEC 61672-1 fofr which the

the whole

scope is lar

be”(temperature range, frequency requirements up to 20 kHz, etc.). It is not feasible to verif]

IEC 61672-1 requirements on each item of a computerized data acquisition system. Computerized data acquisition
system available comply with the necessary specifications of IEC 61672-1 and testing specifications of IEC 61672-3 as
required for this document.

5.2 Instrumentation for speed measurements

The road speed of the vehicle shall be measured with instruments meeting specification limits of at least
*0,5 km/h when using continuous measuring devices.

NOTE A continuous measuring device will determine all required speed information with one device.
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5.3 Meteorological instrumentation

The meteorological instrumentation used to monitor the environmental conditions during the test shall
meet the specifications of the following:

+1,0m

+1 °C or less for a temperature measuring device;

/s for a wind speed-measuring device;

+5 hPa for a barometric pressure measuring device;

+5 % for a relative humidity measuring device.

6 Acou
6.1 Test

6.1.1 Ge|

The specif

stic environment, meteorological conditions, and background noise
site

neral

cations for the test site provide the necessary acoustic environment to carry out the

or compo
specificati
equally va

6.1.2 Ouy

The test sif]
of ISO 1084

Within arg
as fences, |
absorbing

In the vici
person sha
S0 as not tq

NOTE 1

The term “
that would
to limit sld
expected t
the requirg

For the pu
provide saf

}ent tests documented in this document. Outdoor and indoor test-environments tha

Buildings outside the 50 m{radius might have significant influence if their reflection focuses on t}

ns of this document provide equivalent acoustic environments and produce resul
id.

tdoor testing

4. Figure 1 gives information on test site dimernsjons.

ocks, bridges or buildings. The test track and the surface of the site shall be dry ang
materials, such as powdery snow or loose debris.

hity of the microphones, there shall be no obstacle that can influence the acoustic fj
Il remain between the microphotie and the noise source. The meter observer shall be
influence the meter reading;

substantially levelCis intended to convey that the test site shall not have slopes or disd
render invalidCthe assumption the site provided free-field acoustic propagation.
pes on the test/site necessary for water management, drainage, etc. Engineering ju
b be applied.to determine the effect on the site of any obstacle. The test track itself if
ments specified.

Fposevof this document, test track constructions and surfaces according to ISO 1084
isfactory results for vehicle speeds of up to 20 km/h.

full vehicle
t meet the
ts that are

e shall be substantially level. The test track construgtion and surface shall meet the requirements

dius of 50 m around the centre of the track,the space shall be free of large reflecting objects, such

| free from

eld and no
positioned

e test track.

ontinuities
[his is not
Hgement is

subject to

4 will also

NOTE 2

Government regulations can require specific surface requirements.

© IS0 2024 - All rights reserved
8


https://standardsiso.com/api/?name=438b36253bedee7c44f11fbc2ce1ebe6

ISO 16254:2024(en)

Dimensions in metres

7/
//'
A
/
/ A P B
/ s
! 30
| a
l o b 2
{ B—T— C e C
| —
\.
\
\
] [s,1 [a,1 10 10 [a,2 [s,2
\ A’ P B
\
\
Key
lsq entrance construction run-up section (diagonal hatch area), in metres
I, exif construction run-up section (diagonal hatch area), in metres (length of entrance and exit construction run-
up pections can differ)
l,1 entrance drive lane extension beyond propagation area, in metres
L, exif drive lane extension beyond propagation area, in metres (length of entrance and exit drive lang extensions
can| differ)
w drive lane width, in metres
AA entjance to propagation area 10 m before line RP}
BB’ exif from propagation area 10 m after line PP’
cc driye lane centre line (longitudinal axis)
PP midrophone line (transverse axis)
a Prgpagation area.
b Dripe lane.
NOTE1 Buildings outside the(5¢ T radius can have significant influence if their reflection focuses on tHe test track.
NOTE 2  $haded area (“téstarea”) is the minimum area that it is required to be covered with a surfacg complying
with ISO 10B44.
Figure 1 — Test site dimensions

6.1.3 Indoor hemi anechoic or anechoic testing

This subclause specifies conditions applicable when testing a full vehicle, either operating as it would on the
road with all systems operational or operating in a mode where only the external sound generation system is
operational in a hemi-anechoic space, or for testing a component in either a hemi-anechoic or anechoic space.

The test facility shall meet requirements of ISO 26101-1 or ISO 3745:2012, Annex A:
a) within the following space as shown in Figure 2.

Points D, E, F and G are locations used for the microphones in conducting testing according to the method
described in Clause 7.
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Dimensions in meters

E

I
|
A
- ~

1,2

Key
cc
D,E,EG

b) For qu
— sound
— sound

— evalua

— microphone locations for evaluation shall be on a line from the source location to each
microphones used for measurement.in the document shown by points D, E, F, and G in Figun

comm

— the mgximum spacing of the measurement points for evaluation on the microphone transvers
|l on the size of the space deemed hemi-anechoic. A minimum of 10 points shall be used;

depen

— theon
spectr

c¢) Thete
of inte

centreline of vehicle travel
microphone positions

Figure 2 — Spatial dimensions for acoustic space defined to be hemi-anechoic

hlifying the hemi-anechoic space, the following eyaluation shall be conducted:
source location shall be placed on the floor in-middle of the space deemed to be hemi-g
source shall provide a broadband input for measurement;

[tion shall be conducted in one-third-octave bands;

nly referred at the microphone transverse;

b-third octave‘bands used to establish hemi-anechoic qualification shall be defined t
hl range of interest.

5t facilityeshall have a cut-off frequency, as defined in ISO 26101-1, lower than the lowest
Fest;

nechoic;

position of
e 2. This is

e line shall

b cover the

frequency

In the vici

1ify of the mirrnphnnpc’ there shall be no obstacle that can influence the acoustic £

eld and no

person shall remain between the microphone and the noise source. The meter observer shall be positioned
so as not to influence the meter reading.

NOTE1 It is expected that users of this document will understand that valid measurements can only be made
when the cut-off frequency is lower than the lowest frequency of interest. A specific numerical requirement for cut-off
frequency is not given due to the range of variation of appropriate cut-off frequencies depending upon the measured

vehicle.

NOTE 2  This document adds additional microphone hights up to 1,6 m. Qualification to 1,2 m height as in previous
editions is expected to produce acceptable results.

In the absence of any information on the range of frequencies to be measured for hemi-anechoic qualification,
itis recommended to use the frequency range from 100 Hz to 10 000 Hz.
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6.1.4 Indoor external sound generation system testing

This subclause specifies conditions applicable when testing only the external sound generation system
separate from the vehicle.

The test facility shall meet the requirements of ISO 26101-1 or ISO 3745:2012, Annex A following the same
qualification criteria used in 6.1.3 with the following exception: The space to be deemed hemi-anechoic shall
extend at least 2 m in all radial directions from the centre location used for the source.

The test facility shall have a cut-off frequency lower than the lowest frequency of interest.

In the vicinity of the microphone, there shall be no obstacle that can influence the acoustic field and no
person shall remain between the microphone and the noise source. The meter observer shall be positioned
SO as not t( nnnnnnn <hal locatad oc cxnoifig 11

nf +tha ata adi N lha A din 7
HraeRee-tne-meter+ \,uulxxs HEF uyllull\,o StramotToCacCaas ol_l\,\,xlxpu H—=

6.2 Meteorological conditions

6.2.1 Gepneral

Meteorological conditions are specified to provide a range of normal operating temperatures and to prevent
abnormal feadings due to extreme environmental conditions.

A value repjresentative of temperature, relative humidity, and barometricpressure shall be recorded during
the measurement interval.

6.2.2 Outdoor measurements

The meteorological instrumentation shall deliver data represéntative for the test site and shall be|positioned
adjacent tol the test area at a height representative of the héight of the measuring microphone.

The measurements shall be made when the ambient aittemperature is within the range from 5 °( to 40 °C.
The ambient temperature may of necessity be restricted to a narrower temperature range such that all key
vehicle furctionalities that can reduce vehicle-noise emissions (e.g. start/stop, hybrid propulsipn, battery
propulsion|, fuel-cell stack operation) are egabled according to manufacturer’s specifications.

The tests ghall not be carried out if thexwind speed, including gusts, at microphone height exceeds 5 m/s
during the|noise measurement interyal.

6.2.3 Indoor measurements

The measurements shall be made when the ambient air temperature is within the range from 5 °( to 40 °C.

The ambient temperature may of necessity be restricted to a narrower temperature range such
vehicle furlctionalifies that can reduce vehicle noise emissions (e.g. start/stop, hybrid propulsi
propulsion], fuelscell stack operation) are enabled according to the manufacturer’s specifications.

that all key
bn, battery

11D

6.3 Bac

. ot
T

7aY
\vJ

6.3.1 Measurement criteria for A-weighted sound pressure level

The background, or ambient noise, shall be measured for a duration of at least 10 s. A 10 s sample taken from
these measurements shall be used to calculate the reported background noise, taking account to ensure the
10 s sample selected is representative of the background noise in absence of any transient disturbance. The
measurements shall be made with the same microphones and microphone locations used during the test.

Background noise requirements apply to all test conditions and test locations.
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The overall sound pressure level of the background shall be reported as the largest overall sound pressure
level from all microphones, L, as given by Formula (1):
(1)

ngn = maX(ngn,L,i' ngn,R,i)

When testing in an indoor facility, the noise emitted by the roller-bench, chassis dynamometer or other test
facility equipment, without the vehicle installed or present, inclusive of the noise caused by air handling of
facility and vehicle cooling, shall be reported as the background noise. The recorded maximum A-weighted
sound pressure level in the selected 10 s samples and from all microphones, as given by Formula (1), shall be
reported as the background noise, Ly,

The A-weighted overall sound pressure level of the background noise shall be at least 6 dB below the

measurem

The use of

The backgi

Annex G g
form as an

NOTE
above state

of the suita
out such md

selected 10

632 B

maximum
by Formul

]

The one-third octave frequency spectrum measured according to IEC 61260-1, correspond

Prre-ot—crt CrrerTreroTT oy ote I urrror e e ot

indoor test facilities can be necessary to achieve the specifications in this documentx
ound noise frequency range shall be reported from at least 160 Hz to 5 000, Hz.

ves measurement criteria for background noise A-weighted sound pressufe levels iy
aid to measurement and reporting results.

ments is to capture the entire range of variation experienced at the test facility to provide an
pility of the test facility to carry out the specified measurements. It is expected that persg
asurements have evaluated the facility background noise over syufficiently long periods of tj
second sample is representative of the facility background noise.

kground noise requirements when analysing in,one-third octave bands

hold in each individual one-third octave band of background noise shall be reporte
h (2) to Formula (4). These results are reported as a frequency spectrum between 1

5000 Hz,

ngn_BA

ngn_BA

np,L,; = max(Each frequency and eagh left microphone)

D Rr,; = max(Each frequencgrand each right microphone)

flowchart

Background noise measurements account for the variations in time at'alllmicrophones. The intent of the

assessment
ns carrying
me that the

ing to the
d as given
60 Hz and

(2)

(3

Lygn_gajnp = Max(Lygy panpiitiLbgn BAND,R,) (4)
shall be at

est in each

The level d
least 6 dB
one-third d

f background@oise in each one-third octave of interest, analysed according to 6.3.1,
below the mi€éasurement of the vehicle or external sound generation system under t
ctave bafnid‘of interest.

Annex G gi re levels in

flowchart f

vesismeasurement criteria for background noise one-third octave band sound pressu
orm as an aid to measurement and reporting results.

NOTE1 Therequirements for margin between background noise and test results are given to maintain a maximum
error of 1 dB or less solely due to background noise. Total measurement uncertainty will include uncertainty due to
additional factors.

NOTE 2  Reporting the background noise as described is the same as treating all microphones as if they were a
single microphone and reporting the maximum one-third octave result, by individual band, wherever it occurs. The
purpose is to establish the highest possible disturbance signal as the baseline from which to assess the signal to noise
criteria of 6.3.2.
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6.3.3 Measurement background noise when testing a component

When measuring an external sound generation system separate from the vehicle as provided in this
document, the background noise level shall be at least 6 dB lower than the measured level of the component

under test

The background, or ambient noise, shall be measured for a duration of at least 10 s before and after a series
of component tests. A 10 s sample taken from this measurement shall be used to calculate the reported
background noise, taking account to ensure the 10 s sample selected is representative of the background
noise in absence of any transient disturbance. The measurements shall be made with the same microphones
and microphone locations used during the test.

For measurements where narrowband results are reported, the narrowband background noise shall be

reported a

7 Test procedures

7.1 Full

7.1.1 Mi

The distan,
CC’ as sped

The microj
above the §

horizontal

of MicLeft |

A microph|

0,1m=0,0

In case the

shall be lod

0,1 m, the

not have c(

NOTE 1

NOTE 2
assessment

identify frequencies.

7.1.2 Co

7.1.2.1

j
sound genel

]

[The same frequency resotution as the measurement resuits.

vehicle testing

crophone positions

ified in Figure 1 on the test track or in an indoor test facility,shall be 2,0 m + 0,05 m.
hones shall belocated 1,6 m+0,02m, 1,4m+ 0,02 m, 1;52m + 0,02 m, 1,0 m+ 0,02 m, 0,8

and directed perpendicularly towards the path of the vehicle line CC". Table 1 provides
; (MicLeft, to MicLeft;) and MicRight_; (MicRight; to MicRights).
2 m.

microphone cannot be positioned.0;1'm + 0,02 m due to the vehicle construction, the n
ated at a distance as close as possSible to 0,1 m. In case there is more than one equal dis

ntact with the external sound generation system.

or example, if both positiorns 0,05 m and 0,15 m can be used to place the microphone near f{
ation system, the 0,05(m)distance is chosen.

'he normative mierophone positions 2 m from the vehicle at various heights are used for
The optional miicrophone in the vicinity of the external sound generation system can be used

nditions of the vehicle

eneral conditions

ce from the microphone positions on the microphone line PP’ te'the perpendicular ref]

pround level. The reference direction for free field cénditions as specified in IEC 61672

erence line

m=0,02m
-1 shall be
definitions

one may be placed in the vicinity of thexékternal sound generation system at a dlistance of

hicrophone
tance from

istance shall be the one closest to the external sound generation system. The microphone shall

he external

conformity
as an aid to

The vehicle shall be supplied as specified by the vehicle manufacturer.

Before the measurements are started, the vehicle shall be brought to its normal operating conditions.

7.1.2.2 Battery state of charge

If so equipped, propulsion batteries shall have a state-of-charge sufficiently high to enable all key
functionalities according to the manufacturer’s specifications. Propulsion batteries shall be within their
component-temperature window to enable all key functionalities that can reduce vehicle noise emissions.
Any other type of rechargeable energy storage system shall be ready to operate during the test.
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7.1.2.3 Accessory loads

If the vehicle is equipped with an internal combustion engine and a second source of propulsive power, all
vehicle loads that may automatically force an engine re-start or prevent engine shut down shall be switched off.

All audio, e

NOTE

ntertainment, communication, and navigation systems shall be switched off.

7.1.2.4 Multi-mode operation

Example loads can include air conditioning, defroster operation, window de-icing, seat heaters or coolers, etc.

If the vehicle is equipped with multiple driver selectable operating modes, the mode which provides the
lowest sound emission during the test conditions given in 7.1.5 shall be selected. The lowest sound emission

shall inclu

When the
the respon
sound emif{

In cases W
emission, 3
vehicle souy

NOTE 1
(sport, eco,
(sport, eco,

]

NOTE2 |
that the ond
locations.

7.1.2.5 |\

No sound d@

713 Te

Measurem
manufacty

NOTE ]
on the measg

714 Ty

[rer, with an allowable telerance of +25 %.

e both the overall sound pressure level and the minimum of all one-third octave bands

vehicle provides multiple operating modes that are automatically selected by the'v
sibility of the manufacturer to determine the correct manner of testing to achieve thg
sion.

here it is not possible to determine the vehicle operating mode providing the lov
1l modes shall be tested and the mode giving the lowest test resulf shall be used to
nd emission in accordance with this document.

lodes include, but are not limited to: engine operation state (on oy off), driver selectable oper
winter, etc.), vehicle selectable operating modes (sport, eco, winterf; etc.), and transmission sel
winter, etc.). Modes do not include transmission gear selection $uch as park, drive, reverse or 1

etermination of “lowest sound emission” will likely require testing of all operating modeg
-third octave spectra is the lowest for each and everydand of interest at both left and right

[ehicle non-pedestrian safety warning signals

r noise source not related to pedestrian-safety shall operate during the tests.
5t mass of vehicle

ents shall be made on vehicles at kerb mass +75 kg or mass in running order, as defi

'he mass tolerance is-only provided for practical convenience. Mass is not expected to have a
urement result.

e selection'and condition

The tyres

types desig

The tyres s

the vehicle

NOTE
in excess of

or testare’selected by the vehicle manufacturer and shall correspond to one of the tyr
natedfor the vehicle by the vehicle manufacturer.

of interest.
chicle, it is

e minimum

vest sound
report the

hting modes
pction mode
eutral.

to confirm
microphone

ned by the

hy influence

e sizes and

20 km/h, tyre noise will have a significant contribution to measured sound pressure levels.

7.1.5 Operating conditions

7.1.5.1 General conditions

pst mass of

Tyre noise will contribute to the sound emission of the vehicle at any speed over 0 km/h. At vehicle speeds

The path of the centreline of the vehicle shall follow line CC’ as closely as possible throughout the entire test,
from the approach to line AA" until the rear of the vehicle passes line BB'. Any trailer, which is not readily
separable from the towing vehicle, shall be ignored when considering the crossing of the line BB'.
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7.1.5.2 Test speeds

The vehicle shall reach the test speed, v, when the front reference plane according to the definition given in
3.1is atline PP’. During the constant speed test, the acceleration control unit shall be positioned to maintain
a constant speed between AA" and BB'. The vehicle shall be operated as defined by the manufacturer for

normal operation.

Normal operation may include shutoff of one or more propulsion sources.

7.1.5.3 Standstill conditions

7.1.5.3.1 General

The test sgeed, v, shall be 0 km/h with the front reference plane or rear reference plane, asiappropriate,
on the PP’ |ine.

If the vehiqle is equipped with an internal combustion engine and a second source of priopulsive|power, the
stopped co]l]ndition test measurement shall be made after a time delay from the vehicdle stopped cpndition to
allow engine shutdown, and before vehicle loads can force an engine re-start.

7.1.5.3.2 | Forward testing

For forward testing, the front reference plane of the vehicle shall be onthe-PP’ line.

7.1.5.3.3 | Backing testing

For backing testing, the rear reference plane of the vehicle shall'be on the PP’ line.

7.1.5.3.4 | Manual transmission vehicle

The vehiclg shall be tested in the appropriate standstill mode as defined in 7.1.2.4. The gear selector shall
be in a gedr and the vehicle shall remain at 0 km/h for the duration of the test. The manufadturer shall
determine|the appropriate condition for testing,

NOTE The common situation for stopped ‘vehicle testing is for a manual transmission vehicle to hgve the gear
selector in rleutral. However, for the purpose.of this test, the intention is to place the vehicle in a state whefe it is ready
to move.

7.1.5.3.5 | Automatic transmission vehicle

The vehicle shall be tested.itithe appropriate standstill mode as defined in 7.1.2.4. The gear selecfor shall be
in the normal driving position for testing when the front reference plane of the vehicle is on the PP’ line. The
gear selector shall be {n-the reverse driving position for testing when the rear reference plane of|the vehicle
is on the PP’ line. The vehicle shall remain at 0 km/h for the duration of the test. The manufadturer shall
determine|the appropriate condition for testing.

7.1.5.4 Slow speedcruise

7.1.5.4.1 General
The test speed, v, shall have a tolerance of +1 km/h.

If a vehicle is tested in an indoor facility, the vehicle shall be located with the front or rear reference plane on
the PP’ line, as appropriate. The vehicle shall be measured for a duration of at least 5 s.

If the vehicle is tested outdoors with the vehicle moving forward, the vehicle shall be measured from when
the front reference plane is at AA’ until the front reference plane reaches PP’. No measurement shall be made
beyond the PP’ line.
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For the purpose of measuring the performance of an external sound generation system, the sound pressure
level of the vehicle may be measured with the vehicle at 0 km/h and external sound generation system

controlled

NOTE

as to simulate operation at 10 km/h.

The appropriate measurement criteria of time or distance depends on if the vehicle is tested in a moving or

simulated moving (stationary) condition, either indoors or outdoors. As a practical matter, all testing indoors will use
the time criteria.

7.1.5.4.2

Automatic transmission vehicle

The gear selector shall be placed as specified by the manufacturer for normal driving.

7.1.5.4.3 _Manual transmission vehicle

The gear s¢lector shall be placed in the highest gear which can achieve the target vehicle speed with constant
engine spepd.

7.1.6 Measurement readings and reported values

7.1.6.1 (eneral

It is reconmended that persons technically trained and experienced-in current noise measurement
techniqueg select the test instrumentation and conduct the tests.

If a sound peak obviously out of character with the general Sound pressure level is obsg¢rved, that
measurement shall be discarded.

At least folir measurements for all test conditions shall be-ivade on each side of the vehicle and for each
mode testdd.

The first f¢
the deletio|

result. All measurements shall meet the criteriaof'6.3 to be considered a valid result.

For measu
during eac
to the first

For measu
level indic4
be noted, t

For one-th

q

N

NOTE 1
select the aff

NOTE2 4

ur jth valid consecutive measurement results for any test condition, within 2,0 dB, a
n of non-valid results, shall be used forthe calculation of the appropriate intermedi

Ffement of a vehicle in motion outdoors, the maximum A-weighted sound pressure levg

significant digit after the degcimal place (for example XX, X).

Fement of a vehicle in.metion indoor and in standstill, the maximum A-weighted soun
ted during each peried of at least 5 s defined in 7.1.5.4.1 for each microphone position, |L
b the first significant'digit after the decimal place (for example, XX,X).

rd octave méasurements, the frequency range shall be reported from at least 160 Hz t

atisfying\the criteria listed above requires evaluation of measured sound pressure data ve
propriate'time segments for proper analysis and reporting of measured values according to thi

\iLintermediate result can be for one vehicle mode or operating condition.

llowing for
hte or final

|l indicated

h passage of the vehicle betweén AA’ and PP’ (Ltest ) shall be noted for each microphone position,

d pressure
shall

test,j?

b 5000 Hz.

sus time to
s document.

7.1.6.2 Measurement of a vehicle in standstill conditions

This subclause specifies the requirements to measure the vehicle sound emission in standstill conditions.

For each individual test run j and microphone position i, the vehicle A-weighted sound pressure level for
each microphone MicLeft_; and MicRight_; shall be measured for a duration of at least 5 s and the maximum
value reported as Lyjctefe_i 0a;j aNd Lyticrighe_i oa

For each individual test run j and microphone position i, the one-third octave frequency spectrum for each
microphone MicLeft_; and MicRight_; shall be measured for a duration of at least 5 s and the maximum hold
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in each individual one-third octave band A-weighted sound pressure level shall be reported as Lyjcpef ;-
BAND,j a1 Lyticright i BAND,

NOTE The intent for the one-third octave band resultis to provide a single spectrum which represents the highest
value of each one-third octave frequency over the entire measurement interval. For example, if the frequencies of
interest range from the 160 Hz to the 5 000 Hz one-third octave bands, there will be a reported frequency spectrum
over this range which represents maximum envelope of the individual band results. The choice of the maximum in
each band is to provide results consistent with human subjective response and are relevant for the safety purpose of
this document.

7.1.6.3 Measurement of a vehicle in motion

7.1.6.3.1 _General

This subclause specifies the requirements to measure the vehicle sound emission in motion.

brved, that
b minimum

If a sound
measurem
sound emif

peak obviously out of character with the general sound pressure level is” obse
ent shall be discarded. The selected sound sample shall be representative pf‘the vehiclg
sion in the condition of test in absence of any transient disturbance.

7.1.6.3.2 | Outdoor testing

For each i
each micr

dividual test run j and microphone position i, the vehicle A-weighted sound pressu
hone MicLeft_; and MicRight_; shall be measured between-the AA’ and PP’ line and the

value reported as Lyicefc i 0a,j @Nd Lyiicright_i_oa

For each individual test run j and microphone position i, the ofiezthird octave frequency spectry

micropho

MicLeft_; and MicRight_; shall be measured between the AA’ and PP’ line. The maximn

each individual one-third octave band A-weighted sound pressure level shall be reported as Ly,
and Lyicright_i BAND

NOTE

he intent for the one-third octave band resultis to provide a single spectrum which represents

value of ea¢h one-third octave frequency over the erntire measurement interval. For example, if the fre
interest ranjge from the 160 Hz to the 5 000 Hz one*third octave bands, there will be a reported frequenc

over this r
each band i
this documd

7.1.6.3.3

ge which represents maximum epvelope of the individual band results. The choice of the 1
b to provide results consistent with*human subjective response and are relevant for the safety
nt.

Indoor testing

For each ipdividual test runyand microphone position i, the vehicle A-weighted sound pressu

each micrg
value repo

For each in
microphon
octave ban|

phone MicLeftand MicRight_; shall be measured for a duration of at least 5 s and thg
rted as Ly ¢a-r’oa,j aNd Lyticrighe_i 0a
dividuaktest run j and microphone position i, the one-third octave frequency spectruy

e MicLeft_; and MicRight_; shall be measured and the maximum hold in each individua
d A‘weighted sound pressure level shall be reported as Lyicefe ; ganp,j @0d Lyicright i B

re level for
maximum

m for each
um hold in

L eft_i BAND,_j

the highest
quencies of
y spectrum
naximum in
/ purpose of

re level for
maximum

m for each
| one-third

AND,j*

NOTE he intent for the one-third octave band resultis to provide a single spectrum which represents the highest
value of each one-third octave frequency over the entire measurement interval. For example, if the frequencies of
interest range from the 160 Hz to the 5 000 Hz one-third octave bands, there will be a reported frequency spectrum
over this range which represents maximum envelope of the individual band results. The choice of the maximum in
each band is to provide results consistent with human subjective response and are relevant for the safety purpose of
this document.

7.1.6.4 Intermediate processing to determine a virtual single microphone result

For each vehicle operating condition, stationary or moving, the five left and right microphone results shall

be processed to provide a single left and right result for each measurement run .
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The intermediate processing for each measurement run j and for the five microphone positions i will
produce a single result for the overall sound pressure level for the left and right side of the vehicle and a
single one-third octave spectra for the left and right side of the vehicle. All further processing is done using
these results.

Annex H gives measurement criteria for overall sound pressure level and one-third octave band sound
pressure levels in flowchart form as an aid to measurement and reporting results.

7.1.6.4.1 Overall sound pressure level

The value Lyjcr e 0, aNd Lyicrignt_oa,j fOr €ach test run j shall be the arithmetic average of each of the five
microphone positions i as given by Formulae (5) and (6):

5
~ (z i1 MicLeft_i_oA,j )

LyicLeft 0aj = 5 (5)

5
( z i—{[MicRight _i _0A, jV
Inicright 0nj = ©)
MicRight OA,j 5

7.1.6.4.2 | One-third octave band sound pressure level

The value Ly;cese panp,j a0d Lyicright BAND,j for each test run j shall be the maximum hold of each of the five
microphone positions 7 in all individual one-third octave bands_for each measurement run j 4s given by
Formulae (|7) and (8):

Lyticrerd Banp,j = MaX(Lyicreft i BAND,) (7)

Lyticright_BAND,j = maX[LMicRight_i_BAND,j) (8)

NOTE1 The reporting of a single processed value'of the individual 5 microphones on each side producgs the effect
of creating g virtual microphone on each side of the-vehicle.

NOTE2  The reporting of maximum one-third octave results in each one-third octave band, Ly fc ganp; and
Lyicright_ayp,» is done to correspond to htiman psychoacoustic perception. In addition, the reporting of the maximum
one-third oftave band results per band-provide a result with reduced uncertainty and improved repeatability and
reproducibility.

NOTE 3 Tl‘h'e use of Lyicref-gand,; aNd Lyiicright_sanp,j one-third octave .band resu_lts is done to addregs near .field
spatial variption issues that.do not correspond to human psychoacoustic perception. Measurements made with a
single micrgphone are subjéeet to near field spatial variation. The measurement uncertainties given in Talple 3 are not
valid for a single microphone.

7.1.7 Data compilation

7.1.7.1 (lCllCl d}

Further data processing uses the single left and right overall sound pressure level and left and right one-
third octave frequency spectrums calculated in 7.1.6.4 for each test runj.

7.1.7.2 Maximum A-weighted sound pressure level data compilation

For a given test condition and mode (see 7.1.2.4), the four j test runs are averaged to determine the
intermediate result on each side. For a given test condition and mode (see 7.1.2.4), the runs shall be averaged
separately for each side.
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Calculate Ly efros @according to Formula (9). Calculate Lyjpigntoa according to Formula (10).

4
(Z i MicLefton )
LnticLeft 0a = 4 9)
(et
i—1 MicRightOA, j
LyticRightoA = 4 (10)

Calculate the final reported overall sound pressure level for each condition and mode as the lowest of the
left and right side. If the vehicle had one mode, and was calculating the forward or backing stationary result,

Ly fwq is be calculated according to Formula (11).

Lst,fwd ]

F Min(Lyicrefroar Lmicrightoa)

(11)

The reported A-weighted sound pressure level for a given test condition is the lowest yalte of overall sound
pressure lgvel for all modes tested, rounded to the nearest integer.

For example, if the vehicle had three stationary modes, the final reported sound/pressure level for|the vehicle
is the minimum of each individual L, (4 over all three modes.

Annex H gives measurement criteria for overall sound pressure leyel(in flowchart form ag an aid to
measuremgent and reporting results.

NOTE The reporting of arithmetic average value of the individual S5\microphones on each side producgs the effect

of creating

required minimum safety signal level.

h virtual microphone on each side of the vehicle and reports'the result in accordance with ev

hluating the

7.1.7.3 (Qne-third octave band sound pressure leveldata compilation
For a given test condition and mode (see 7.1.2.4), the four j test runs are averaged to determine the result on
each side. Galculate Ly erganp according to Formula (12). Calculate Lycpigniganp according to Formula (13).
4
(Z l-:lLMicLeftBAND J )
LyticLeffBAND = 4 (12)
(Z
i=1 MicRightOA, j

LyticRightBAND = 4 (13)
Any furthefr processingof'the one-third octave band values shall use these results.
Both the Ly ereganp’ and the Lyicpigniganp shall be reported. These results are reported as al frequency

spectrum between 160 Hz and 5 000 Hz.

Annex [ giy

e€s‘measurement criteria for one third octave sound pressure level in flowchart form 3

s an aid to

measurement and reporting results.

NOTE

All frequency spectrums are required to report as it is not possible to determine “lowest” one-third octave

spectrum where some bands are higher or lower than other spectra. While some results will be clearly lower in all
spectral bands and are therefore able to be categorized as “lower”, this cannot always be assumed.

7.1.8 Re

The overal

ported standstill results

I sound pressure level Ly ¢,,q and Lgg ey

using the definitions given in 7.1.6.

value according to 7.1.2.4 shall be the result from 7.1.7.2

If one-third octave bands are analysed, they shall use the result given in 7.1.7.3. and reported for each side

and mode.

These results are reported as a frequency spectrum between 160 Hz and 5 000 Hz,
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ported slow speed cruise result at 10 km/h

The overall sound pressure level L. ;o value according to 7.1.2.4 shall be the result from 7.1.7.2 using the

definitions

given in 7.1.6.

If one-third octave bands are analysed, they shall use the results given in 7.1.7.3. and reported for each side

and mode.

These results are reported as a frequency spectrum between 160 Hz and 5 000 Hz,

7.2 Measurement of sound to determine frequency shift

7.2.1 General

The Specif cations contained - in these sections are intended tomeasure the emitted acoustic iflformation
from an external sound generation system installed for purposes of providing acoustic infefmation to
pedestrianls in the near vicinity of a vehicle. The information so measured characterizes(the firequencies
emitted by|the system, as well as the change in frequency as a function of vehicle operating paraipeters.

No background noise correction shall be applied to any measured result.

See Annex|B for further information on frequency shift.

See Annex|F for further information on frequency shift.

Annex ] is provided as information on a psychoacoustic tonality methodto calculate frequency shift.

NOTE 4
normative 1

7.2.2 Injg

The digital
dynamic ra

NOTE
that can be

]

7.2.3  Sig

The freque
frequencie

Annex | is informative until such time as it is determined«<to be technically mature to i
hethod.

strumentation

sound recording system shall have at leastia 16 bit quantization. The sampling rate,
nge shall be appropriate to the signal of interest.

No specific requirements have been givenfor sampling rate due to the wide range of signal frequg
inalysed. It is expected that knowledgeable and trained personnel will select appropriate samp

mal processing requirements

ncy resolution, Af, of the measurement shall be sufficiently precise to differentiate b
5 at the various test conditions. The sound analysis system shall be capable of performi

Fourier transform and auto power spectrum analysis at a frequency resolution and over the frequ

containing
the require

Analyser s

7.24 Te

all frequencies-ofiinterest. The block size, N, used for subsequent signal processing s
d Af, where Af'</F,/N.

pttings shall be determined by the user to provide data according to these requiremen

Kt facilities

hclude as a

F,, and the

ncy content
ing rates.

btween the
ng discrete
ency range
hall enable

[S.

7.2.4.1 Vehicle test facilities

The test facility shall meet the requirements given in 6.1.2 or 6.1.3.

7.2.4.2 Component test facilities

The test facility shall meet the requirements given in 6.1.4.

The sound emitting component of the external sound generation system is recommended to be mounted
0,5 m above a reflecting plane (floor) of the test space. The primary propagation axis of the sound emitting
component shall be oriented horizontal to the reflecting plane.
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The microphone is recommended to be located 1,0 m from the centre of the component at a height of 0,5 m.

NOTE

Specific recommendations have been given for placement of the external sound generation system and the

microphone within the test facility to provide guidance for successful testing. There are other arrangements of the
external sound generation system and microphone that can be effective to measure frequency content.

7.2.5 Frequency shift measurement test procedure

7.2.5.1 General

Frequency

shift may be determined by using any or all of the MicLeft_; or MicRight_; locations.

A microphone may be placed in the vicinity of the external sound generation system at a distance of

0,1m=0,0

The freque

procedure

7.2.5.2

The vehicld
outdoors. 4
front plane

Outdoor v

general op

conditions

Special car
vehicle in 1
not be mas

NOTE1 1
with vehicld

K

P m.

ncy shift shall be measured by a vehicle, a simulated vehicle operation, or a compoenent]

ull vehicle operation

 shall be installed in an indoor test facility where the vehicle can gperate in the same
A\l microphone locations shall be as for the full vehicle test conditions as specified in Fij
of the vehicle shall be on the PP’ line.

riant: The vehicle shall be operated in the same outdoontest facility and according t

specified in this document.

e shall be taken to carry out the frequency shifting measurements in outdoor faciliti
notion or in indoor facilities with the tires;ii’motion. The signal intended to be measy
ked by other vehicle or background noise.

'ypical signal analysis tools provide frequency versus speed of the tonal component(s) that
speed.

tbased test

manner as
bure 1. The

o the same

erating condition as for the full vehicle testing (see 7.1} A frequency, f; shall be identified that is
intended t¢ change as a function of vehicle speed, which can bexmeasured and can be tracked fo

" operating

bs with the
red should

correspond

NOTE 2 It is understood when using antindoor test facility that the vehicle will remain in position relative to the
microphonds. This is for the purpose to provide an acoustically stationary signal for subsequent analysis afjd reporting
of results.

Microphonles mounted in cloge ptroximity to the sound emitting device do not have relative m|

the extern
when dete
of the exte

to pos]

at a di
sound

to use

1] sound generationSystem and deliver a more reliable signal for identifying correct f]
'mining frequéncy shift. For a microphone installed in the direct vicinity of the emitt
nal sound gefreration system, it is recommended:

tion thexnicrophones on the axis (if it exists) of the acoustic emission of the system;

Ktanee of approximately 10 cm from the emitting surface: not too far to be influencg

otion from
requencies
ng surface

d by other

ources, and not too close to have any distorted signal;

a decoupling attachment device between microphone and vehicle body.

Special care shall be taken to perform the frequency shifting measurements in indoor facilities with the

tyres rotat

NOTE

ing. This is due to the contaminating signal from the tyre/roll interface.

The distance of a close proximity microphone is only given as a guideline. The purpose is to capture the

source sound with an improved signal to noise ratio compared to the normative microphone locations 2 m from the
vehicle centerline. The resulting signal can then be analyzed to ensure the frequencies so identified in the normative
2 m microphones come from the intended safety source signal.
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Simulated vehicle operation (for indoor or outdoor)

The vehicle shall be operated in a test facility where the vehicle can accept an external vehicle speed signal
simulating vehicle operation. All microphone locations shall be as for the full vehicle test conditions as
specified in Figure 1. The front reference plane of the vehicle shall be on the PP’ line.

A frequency, f;, shall be identified that is intended to change as a function of vehicle speed, which can be
measured and can be tracked for operating conditions specified in this document as described in 7.2.5.3.

If additional close proximity microphone(s) are used, they shall fulfil the requirements of 7.2.5.2.2.

NOTE 1

with vehicle speed.

Typical signal analysis tools provide frequency versus speed of the tonal component(s) that correspond

NOTE 2

the microp
reporting o
road intera

7.2.5.2.2

A frequeng
measured

For compo

NOTE1 1
with vehicld

NOTE2 A
the 2 m mic

7.2.5.3

In the follg
based on {
second one
for a descr

In the tonality approach the shift i§ estimated in Barky;s This is done since a given change in the

is equivale

7.2.5.3.1

Frequency
than a sing
energetica

{If is understood when using an indoor test facility that the vehicle will remain in position
)

Measurement procedure

nes. This is for the purpose to provide an acoustically stationary signal for subsequent 3
results. The use of the simulated operation further removes potentially interfering neise/due
tion.

Component test procedure

y, f;» shall be identified that is expected to change as a function of\véhicle speed, wk
hnd can be tracked for operating conditions specified in this document as described in

hent test, only the nearfield microphone is used.

'ypical signal analysis tools provide frequency versus speedof the tonal component(s) that
speed.

\ nearfield microphone is the only possible microphonefor a component test, as a vehicle is not
Fophone locations are irrelevant.

wing two methods for the identification of the frequency shift are presented. The fi
he fast Fourier transform, is omly:considering the physical properties of the signal
, based on the psychoacoustic tonality, also takes the human perception into account. §
ption of psychoacoustic tonality.

ht to the same changgéin the pitch perception.

Identificatiop-Using fast Fourier transform

relative to
nalysis and
to the tyre/

1ich can be
7.2.5.3.

correspond

involved, so

st method
while the
ee Annex

Bark scale

shift may be-determined by using any or all of the MicLeft_; or MicRight_, locations. V
le MicLéft); or MicRight_; location is used per side, the multiple microphone FFT res
ly averaged to produce a single FFT spectrum.

The freque

\Vhen more
Its shall be

ney characteristics of the sound shall be measured together with an input signal to the external

sound generation system corresponding to the reference vehicle speed.

The sound

output of the system shall be measured as follows.

Record at least 5 s of the sound at a constant vehicle speed.

— Using a Hanning window, calculate the autopower of the signal with a frequency resolution of at least
1 Hz using at least 66,6 % overlap averages from the 5 s time signal.

The frequencies, f; ;.q, Of the external sound generation system signal shall be measured and recorded.

The corres

ponding vehicle speeds, f; s,ceq and f; op shall be measured and recorded.
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Calculate Afjercene the frequency shift of the external sound generation system signal according to

Formula (14):

Afpercent = {[(fi,speed - fi,ref)/(vtest - Vref)]/fi,ref} - 100 (14)
where

fispeea 1s the frequency at a given speed value;

firet  is the frequency at the reference speed value;

Viest IS the vehicle velocity, actual or simulated, corresponding to the frequency f; ¢, ceqs

Vief | is the vehicle velocity, actual or simulated, corresponding to the frequency f; ..
Formula (14) is only valid when the actual vehicle speed, v, is higher than the reference ¥ehicle[speed, v .
Results shall be reported using Table 2.

Table 2 — Vehicle speed for measurement to determine frequency shift Af; .. ccn
Test resultsattarget speeds
5 km/h ]
(Reference) 10 kni/h 15 km/h 20 km/h
Reported speed km/h
Frequernicy, f; speeqr left side Hz
Frequengy, f; ;;eeq right side Hz
Frequency shift, Af e cene left %/(km/h) na
side
Frequency shlf_t, Af percent Tight %/(km/h) na
side

The reference speed should be 5 km/h unlessiother speeds are desired.
7.3 Measurement uncertainty
The measurement procedure described in 7.1 and 7.2 is affected by several parameters (e.g. environmental
conditions| measurement systém) uncertainty, test speed variation, actual centring of a driver] vehicle in
the test lane, etc.) that lead*te/variation in the resulting level observed for the same subject. The source
and naturd of these perturbations are not completely known and sometimes affect the end resullt in a non-
predictabl¢ way. The dhcertainty of results obtained from measurements according to this| document
can be evaluated by the procedure given in ISO/IEC Guide 98-3, or by inter-laboratory comparisons in
accordanc¢ with JSO.5725 (all parts)lel. Since extensive inter- and intra-laboratory data were not available,
the procedure, given in ISO/IEC Guide 98-3 was followed to estimate the uncertainty associatefl with this
document.|The'uncertainties given below are based on existing statistical data, analysis of tolerahces stated
in this doc Huent, and nnginnnring jnr]gnmnhf The uncertainties so determined are grnnpnd asfdllows:
a) variations expected within the same test laboratory and slight variations in ambient conditions found

within a single test series (run-to-run);
b) variations expected within the same test laboratory but with variation in ambient conditions and

equipment properties that can normally be expected during the year (day-to-day);
c) variations between test laboratories where, apart from ambient conditions, equipment, staff and road

surface conditions are also different (site-to-site).
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If reported, the expanded uncertainty together with the corresponding coverage factor for the stated
coverage probability of 95 % as defined in ISO/IEC Guide 98-3 shall be given. Information on the
determination of the expanded uncertainty is given in Annex D.

NOTE1 Annex D gives a framework for analysis in accordance with ISO/IEC Guide 98-3, which can be used to
conduct future research on measurement uncertainty for this document.

These data are given in Table 3 for three different measurement types. The variability is given for a coverage
probability of 95 %. The data express the variability of results for a certain measurement object and do not
cover product variation. See Annex E for additional information on the use of this document to achieve these
stated uncertainties.

Table 3 — Variability of measurement results for a coverage probability of 95 %
]

Measurement type Run-to-run Day-to-day Site-to-site
A-weighted sound pressure level, in dB (outdoor) 1,8 1,8 1,9
A-weighted|one-third octave sound pressure level, in dB (outdoor) 49 5,0 5,2
Frequency Bhift Af . cene in %/(km/h) 1,0 1,0 10,0

NOTE2 1
the results 4

'he measurement uncertainties listed here, with exception of the tonality and frequency shi
ifter averaging the four individual measurement runs of this document.Fhe individual measu

ft slope, are
rement runs

will have vafriation in excess of these values.
NOTE 3  The uncertainties for indoor measurement are taken from 1SO 362+3(31,

NOTE4  The uncertainties for site-to-site measurements are strongly‘dependent on the vehicle spe¢ds actually
used. The uncertainties for outdoor measurements in Table 3 are based)on ISO 362-1[21,

NOTES5  The uncertainties for the tonality value were obtained by averaging multiple measuremeénts in two
different te§t sites for 4 different cars.

NOTE 6  The uncertainties for the frequency shift slope-atre based on all known systematic errors of thg calculation
and measurment process and it is not based on measuted data.

Until more|specific knowledge is available, thé.data for site-to-site variability can be used in tes{ reports to
state the expanded measurement uncertainty for a coverage probability of 95 %.

8 Testreport
The test report includes the follewing information:
a) areference to this doeunient, i.e. ISO 16254:2024;

b) thedetails of the testsite, site orientation, and weather conditions including wind speed, air temperature,
wind directionf,barometric pressure, and humidity; or if an indoor facility is used, descrigtion of the
facility, including dimensions and cut-off frequency of facility;

) the typéof measuring equipment, including the windscreen;

d) the A-weighted sound pressure level typical of the background noise;
e) the one-third octave band spectrum typical of the background noise;

f) the identification of the vehicle, its engine, its transmission system, including available transmission
ratios, size and type of tyres, tyre pressure, tyre production type, power, test mass, vehicle length and
location of the front reference plane and rear reference plane;

g) the auxiliary equipment of the vehicle, where appropriate, and its operating conditions;

h) the technology content of the vehicle’s propulsion system (e.g. internal combustion engine, stop/start,
battery electric, hybrid, plug-in hybrid, extended-range electric, fuel cell);
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any special test or vehicle conditions, including operating modes of the vehicle or settings reflective of
the technology content listed in h);

if a vehicle is being tested to measure the sound emission performance of an external sound generation
system, this system shall be noted in the report;

all valid A-weighted sound pressure level values measured for each test, listed according to the side of
the vehicle and the direction of the vehicle movement on the test site;

the final overall sound pressure level results, L L and L ¢y

crs,10’ “st,rev

the final one-third octave result for each side, Lyjici ercganp @ Lyicrigheganps at €ach test condition L, 1,

Ly rey @and Lg; g,4- This result is reported as a frequency spectrum between 160 Hz and 5 000 Hz,

all valtd individual narrowband frequencies measured and all one-third octave frequenicy spectra
measufrements for each test;

the expanded measurement uncertainty for a coverage probability of 95 % for each-of thg measured
quantifies.

if calcuplated, all valid frequency shifts Az/Av found and their respective ‘specific tonality values

T’ speedfshife With the corresponding noise at the bands Ty,

Table 4 is an example template of a test report in table format. Additional lines shall be included if|the vehicle

has more than one mode.

Table 4 — Example template of reperted results

ISO 16254 Report

Operating
conditions

One-third octave band frequency (Hz)

Overall [160 |200 250 [315 [400 [500 |630 [800' {1000 |1250 |1600 [2000 |2500 (3150 [4/000 |5000
SPL (dB)

Background
noise

dB

Forward
Stationary

dB

Left one-
third octave

dB

Right one-
third octave

Reverse dB

dB

Left one-
third octave

dB

Right one-
third octave

10 km/h dB

dB

Left one-
third octave

dB

Right one-
third octave
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Table 4 (continued)

other speed
km/h dB

Left one-
third octave
dB

Right one-
third octave
dB
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Annex A
(informative)

Information on development of ISO 16254

The development of this document was motivated by the need to measure the minimum noise emission of
a motor vehicle in an objective, reproducible, repeatable, and technically correct manner for the purposes
of understanding potential safety concerns with low noise emission vehicles. Additional analyses or

specificatinn arenecessaryto prnvidn correlation between the nhjprtixrn measuresof vehicle noi

e emission

specified i
perception
nature sub
that will re

This test p
SAE ]2805
basis for g
to provide
vehicle noj
site, the ro
conditions
measurem
SAE J2805I

The secon
additional
frequency
signal as p
results by

To ensure
[SO 362-1[4
a) Them
noise 1

b)
suitab
docum
is repq
vehiclg

The ve

The specifications on the’background (ambient) sound have been extended to provide

h this document and the subjective evaluation of human subjects to detectability;
or any other psychoacoustic analysis of sound. Such psychoacoustic parameters ate’by

jective parameters that can only be accurately presented as percentages of a given

port a response to a certain sound in the presence of a specified background-noise.

rocedure was based on the existing vehicle noise emission test procedures of ISO 3
7], These existing noise test procedures for maximum noise emission, which form th|
lobal vehicle exterior maximum noise regulation, have been deyeloped over the paj
objective, reproducible, repeatable, and a technically correctmanner for conductir
se emission measurements. Issues relating to the acoustic,characteristics of the me
hd surface used for measurement, the instrumentation usedfor measurement, the env
necessary for accurate measurement, and an understdanding of the sources of, and

ent uncertainty; these have all been considered, developed, and refined in ISO 3
7],

 edition of this document addresses the observed measurement uncertainty by
measurement locations. The additional measurement locations have the purpose to
transfer function solely coming from the.measurement apparatus, which is not in t}
brceived by humans. The result is to reduce the measurement uncertainty of the one-t}
pver 50 %.

the fitness for purpose of this_document, the following adaptations have been m
I and SAE J2805!7] specifications.

crophone location has beéen moved from 7,5 m to 2,0 m. This change is to improve tH

atio of the measurement:

e for the typical’sound pressure levels at the vehicle operating conditions specif

rted and-used for determining the suitability of the test site or in any correction of
noise.emission levels.

hicle operating conditions have been modified to conditions representative of both

hnnoyance,
y their very
population

62-1[2] and
e technical
t 50 years
ng exterior
asurement
ronmental
bounds on,
62-1[2] and

specifying
reduce the
ne acoustic
hird octave

ade to the

e signal to

conditions
ied in this

ent. Consistent'with the use of this document, it is the maximum background sound level that

measured

minimum

vehicld

salind pressure level and conditions where vehicle noise emission is highly likely

to cause a

safety concern. The conditions so specified cover a wide range of real-world conditions of concern and
are judged to provide a practical set of conditions suitable for carrying out testing with a reasonable
workload.

d)

The alternative of using an indoor semi-anechoic space for measurement of the specified zero vehicle

speed (stopped) condition has been provided. This was later extended to also include the moving vehicle
condition as information was presented to show that the error due to measurement of tyre/road noise
on a roll was acceptable. This is in recognition that the necessary ambient noise conditions for accurate
vehicle measurement are difficult to obtain in an outdoor space for vehicles with low noise emission in
the standstill and moving conditions.
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The selection of the minimum, as opposed to the maximum, average of the left and right average result
for overall sound pressure levels for reporting a vehicle test condition result is consistent with the
purposes of this document which is to provide pedestrian safety relevant metrics.

The selection of the lesser of (minimum) of the vehicle conditions specified as the reported minimum
sound emission level of the vehicle is consistent with the purposes of this document. This applies when
testing multiple operating modes according to the details given in 7.1.2.4.

When using this document for the purposes of determining the noise emission of a specific external
sound pressure generation system, the measurement requirement is specified to use the maximum
recorded sound pressure level to provide accurate measurement of both continuous and intermittent

source

S.

The v
of ave
the fre

This d
ataco
of mej
condu
of an H

trictetevet test procedure was extended to provide Support to deteT e te Cirange it
hicle’s emitted sound as a function of vehicle speed or other operating parametersThi
quency shifting of the sound.

bcument was extended to be able to measure an external sound generation{system (E
mponent level. Measurements of an ESG system at a component level allow. for addition
isurement and control of the background noise level that are typically not avail

SG system at a sufficient precision to allow for the frequency shiftinformation to be ¢

when yising the FFT method.

For th
produgd
may bd

b purposes of use in a regulation, it can be necessary t@ determine that additional
tion process or replacement units are sufficiently similar to an original unit. This
e accomplished by using the frequency shift measurement procedures and applying thg

toleramces to the frequency (Hz) information and the level (dB) information. This evaluation 1

accom

In the
sound
psychd
identif]
psychd
docum
(2022)
contoy
estimdg

In the
improy
locatig
point 1
the sig

blished by verifying the respective sound sourcefias identical software.

second edition of this document, additipnial procedures considering human per

acoustic tonality can be used to reliably estimate audible frequency shifts of the
ying the most audible component in*éach auditory frequency band (critical band). Th¢
acoustic tonality based on ECMA:74 17th edition was mentioned in the second edit
entin an informative Annex and‘is now further extended to reference ECMA-418-2 sec
. This update improves the calculation results for low frequencies according to the equ
rs of ISO 226[11. The psycloacoustic tonality analysis allows for a fully automated freq|
tion.

second edition of‘this document, the addition of extra microphone locations prov

ns reduce the error in measuring signal that may be subject to nearfield spatial cance
neasurement;which phenomenon is not how a human with spatially separated hearin
nal.

frequency
s is termed

5G) system
hl accuracy
able when

'ting an outdoor or full vehicle measurement. Component testing measures the frequency content

etermined

units of a
evaluation
necessary
nay also be

ception of

are provided for frequency shift estimation based on the psychoacoustic tonality method. The

sounds by
b use of the
ion of this
bnd edition
hl loudness
uency shift

des for an

red measuremenitof the one-third octave signal perceptible to humans. The additional microphone

llation of a
b perceives
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Annex B
(informative)

Development of frequency shift information

In motor vehicles where combustion engines provide the propulsive power, the sound emission of the
vehicle naturally provides information to a pedestrian and the vehicle occupants on the operating state of
the vehicle. One primary source of information is the correlation between the frequencies emitted by road

vehicles a

motor gen
characteriy

As the med
vehicle ope
procedure

The follow

a) The p

equipn]
b)
9

The pe

There
vehiclg

d) The ne¢
extern|
e) The p¢

generg

f) The so
The proced
such capal
machinery|

und is a stationary signal within all time periods used for measurement.

d-the vn]nri‘ry of the road vehicle. In broad terms, the acoustic characteristics of the

brate higher frequencies at higher vehicle speeds, and humans have come to as$e
tics to provide information on how fast a vehicle is travelling, or if a vehicle is accelerd

surement of the frequencies and/or the change of frequencies relative to vehicle spe
rating conditions may be useful to characterize necessary pedestrian infornation, me
5 have been provided to accomplish this purpose.

ng assumptions have been taken when developing this test procedure.

brsons conducting the test are familiar with the latest acoustic measurement g
hent and standards.

rsons conducting the test are trained on the test equipmeént to be used during the test

is at least one frequency component that may be tracked as a function of vehicle spe
operating condition.

cessary hardware and software is available to simulate vehicle operating condition
al sound generation system can be accurately tested as a component.

brsons conducting the test know what frequencies should be produced by the exte
tion system or vehicle under measurément.

Jure is specified as a manual process but may be automated if the measuring equipme}
ility. The process operates using the same frequency tracking principles as used f
order tracking measurements. Figure B.1 provides an example of such a measurems

propulsive
Ciate these
ting.

bd or other
asurement

rocedures,

bd or other

5 where an

rnal sound

ht provides

br rotating
nt process

where multiple frequencies-are present, and a single frequency has been chosen to provide the tracking

informatio

n.
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Y
Key
X  vehicle|speed (km/h)
Y frequency (Hz)
Figure B.1 — Example of measurement of frequency versus vehicle speed information
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Annex C
(informative)

Relevance of objective acoustic data to pedestrian safety

This document provides measurement procedures for the following:

a)
b)
9
d)
e)

one-th
narroy
narroy

the fre
param

f)

In regulatd
used to att
case of thi
acoustic si
magnitude
pedestrian
pedestrian
road vehicl

specifi

The prima
emission o
can be rea

A-weighted sound pressure level (SPL) at the full vehicle;

ird octave frequency information at the tull vehicle level;
vband (1 Hz resolution) frequency information at the full vehicle level;
vband (1 Hz resolution) frequency information at the component level;

quency shift of either a full vehicle or a component versus vehicle speedior-other vehicl
fter.

c psychoacoustic tonality information at the full vehicle level

empt to specify the needed information transmitted from/the vehicle to the pedest
5 document, transmitted by acoustic means. It is recognized that all road vehicles
bnal; the only relevant question for regulatory authorities is whether the signal is
and of a character to allow pedestrians to have@ecessary acoustic information to
to travel safely in the presence of road vehicle$.)In no case has any assumption been
s need acoustic information in all cases, and.in*all places, to allow them to distinguish
es.

'y and reasonable assumption behind the development of this document is to measurg
f vehicles in a range of sound emission that will correspond to road vehicle sound emi
sonably expected to be heard i aresidential situation. In no case is there any exped

&

b operating

ry discussions, the concepts of presence (detection), directieh, location, and operation are terms

Fian, in the
ake some
sufficient
enable the
made that
individual

the sound
ssions that
tation that

vehicles can be, or should be, heard when loud or unusual noise is present; for example, construlction sites,

in the pres
sound leve
road vehicl

The term °
specific mg

ence of vehicles exceedingimaximum noise regulatory limits, or in situation where f{
| would exceed the levelwhere a person with normal hearing would reasonably expe
e.

presence” is closely-related to the acoustic term “detection” but is not identical. Dete
aning and defifition in signal processing (acoustic or electromagnetic) of sufficient sig

he natural
't to hear a

ction has a
nal energy

in excess df natural ordbackground signal energy. Detection is also (usually) applied to signals ¢f assumed

stationary
to the bac]
standard,

context as
measurem
level, the s

character,Therefore, detection is specifically related to the signal energy present
kgroundyin this case, the background noise. As this is a vehicle and component me¢
Hetection in a specific situation cannot be assessed. Presence, however, is underst

in relation
asurement
bod in this

the. ability of a pedestrian to determine a vehicle is nearby. As such, there are multip

C

econd is the frequency content of the sound emission of the vehicle, the third is the

e objective

1d pressure

shifting of

the frequency(ies) of the vehicle with respect to the vehicle velocity and the fourth is the psychoacoustic
tonality that is based on a hearing model and addresses human perception of sound.

The A-weighted sound pressure level [SPL, with sound pressure in units of Pascal (Pa), and expressed in
this document as A-weighted levels expressed in decibels (dB)], provides the necessary sound energy to
provide a listener with some sort of audible sound. The frequency or frequencies of the sound emitted by
the vehicle provide an additional source if information to pedestrians that can render the underlying SPL
more or less effective, depending on the frequencies, and combination of frequencies, present in the signal.
The frequency shifting of the sound signal as a function of the vehicle speed and/or other vehicle operating
parameter provides significantly important information to a pedestrian on the vehicle speed; information on
the vehicle acceleration or deceleration; and the characteristic of frequency shifting provides the means by
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which a wide number of undesirable sounds may be excluded from use. Finally, the psychoacoustic tonality
in tuyys is a high-quality surrogate to presence since it takes in consideration how people process sounds in
their environments, thus providing a very accurate approach to classify sound signals.

The term “direction” is used in this context to mean the ability of a pedestrian to locate spatially a sound
relative to their position. Given the assumption that the sound has been detected, it is the frequency content
of the sound signal that will contribute to the accurate spatial location of the vehicle. Of importance to
the determination of direction is the large amount of information that can be determined by a pedestrian
independent of the sound emitted by the vehicle. This comes from two basic sources: the movement of the
vehicle relative to the pedestrian, and the movement of the pedestrian relative to the vehicle.

By the very nature of movement of the vehicle relative to the pedestrian, human hearing processes naturally
detect the spatial change of the sound source relative to their current location. From this information,

including b

the directi
relative to
their head

on the dir¢

The term “

in addition

for directi
informatio

closer or fy

The term “
operated b|
gradually;
shifting of
sources of
on the acti

All of the o
criteria to

content, f1f

necessary
objective c
appropriat

oth changes in amplitude (volume) and changes in relative angle, determinations can
bn and movement of a vehicle. In addition, this process works similarly if the pedest

felative to the sound, exploiting the binaural hearing capability to provide addjtional i
ction of a vehicle.

ocation” is similar to direction, but in this usage incorporates the additional informati
to spatial orientation. The development of location information uses the same procg
n information, with the additional integration of the frequency"shifting to provide
h to the change in sound pressure level, allowing improved determinations if a vehiclg
rther away, and by how much.

bperation” is used in this context to mean the pedestrian‘tunderstanding how the vehi
[y the driver: is the driver moving at a steady speed; is.the driver braking quickly or slo
or is the driver accelerating the vehicle? This information is provided primarily by thg
the vehicle sound, augmented by additional inforiiation from the vehicle SPL. From bq
nformation, a pedestrian can determine the vehicle operation and can therefore make
bn and intent of the driver.

bjective criteria specified in this document operate independently as necessary, but ng
provide adequate information to pedestrians. In combination, the criteria of SPL,

information to pedestrians te allow them to safely interact with vehicle traffic. |
Fiteria provide a limiting set.Qf specification that may be used by regulatory authoritig
e sounds to be used and. produced.

be made on
rian moves

the vehicle, with the additional source of information that a human can changesthe orientation of

hformation

bn of range
bss as used
reinforcing
b is moving

cle is being
wing down
frequency
th of these
judgments

t sufficient
frequency

equency shifting and psychoacgoustic tonality provide a set of measures which provide the

‘inally, the
s to enable
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Annex D
(informative)

Measurement uncertainty - Framework for analysis according to

D.1 Gen

ISO/IEC Guide 98-3 (GUM)

eral

The measulrement procedure is affected by several factors causing disturbance that leads to vari

resultinglg
known and
uncertaint
format inc

and quantified and from which the combined standard uncertainty can be obtained. Uncertaint

to the follo

variat

variat
of Lst,f\

:Ions in local environmental conditions that affect sound propagation at the time of mg

vel observed for the same subject. The source and nature of these perturbations arerot
sometimes affect the end result in a non-predictable way. The accepted format for ex
es generally associated with methods of measurement is that given in ISO/1EC Guidg
brporates an uncertainty budget, in which all the various sources of uneertainty arg

wing factors:

and L

vd’ Lst,rev ’ x,band;

variat
variat

effect
the me

effect

pressy
humid

test sit

The uncert
does not co

The variations in the sound-pressure level or frequency of identical units of a production process

the scope d
The uncert

a)

uncert
condit

]ons in vehicle speed and in vehicle position during theé-pass-by run;

ons in local environmental conditions that affectthe characteristics of the source;

bf environmental conditions (air pressure,ait density, humidity, air temperature) thg
chanical characteristics of the source, maiily engine performance;

pf environmental conditions that .influence the sound production of the propulsion
re,air density, humidity, air temperature) and therolling sound (tyre and road surface te
surfaces);

e properties (test surface(texture and absorption, surface gradient).

ainty determined according to 7.3 represents the uncertainty associated with this d
ver the uncertainty-associated with the variation in the production processes of the ma

f this documentx
ainty effeécts may be grouped in the three areas composed of the following sources (se

hinty\due to changes in vehicle operation within consecutive runs, small changes
ons, small changes in background noise levels, and measurement system uncertainty

hition in the
completely
pression of
98-3. This
identified
ies are due

ons in measurement devices, such as sound level meters, calibrators and speed-measuring devices;

asurement

t influence

ystem (air
mperature,

cument. It
nhufacturer.
hre outside

e 7.3):

n weather
; these are

B L.
referredtoasrunto-runvariations:

b)

uncertainty due to changes in weather conditions throughout the year, changing properties of a test

surface over time, changes in measurement system performance over longer periods and changes in the
vehicle operation; these are referred to as day-to-day variations;

9

vehicle operation; these are referred to as site-to-site variations.

uncertainty due to different test site locations, measurement systems, road surface characteristics and

The site-to-site variation comprises uncertainty sources from a), b) and c). The day-to-day variation

comprises

uncertainty sources from a) and b).
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D.2 Expression for the calculation of A-weighted sound pressure levels of vehicle low
speed operation

The general expression for the calculation of the low speed operation sound pressure level, L,, is given by

Formula (D.1):

Ly=Lymeas * 01+ 65 + 83+ 64+ 65 + 8 + 67 (D.1)
where

Lymeas 1S the A-weighted sound pressure level from any relevant test specified in this
document;

01 is an input quantity to allow for any uncertainty in the measurement system;

6, is an input quantity to allow for any uncertainty in the environmental conditigns'that afffect sound
propagation from the source at the time of measurement;

03 is an input quantity to allow for any uncertainty in the vehicle speed and position;

Oy is an input quantity to allow for any uncertainty in the local envirefiimental conditiong that affect

characteristics of the source;

s is an input quantity to allow for any uncertainty in the effect of environmental conditfions on the
mechanical characteristics of the power unit;

¢ is an input quantity to allow for any uncertainty in'the effect of environmental conditfions on the
sound production of the propulsion system and-the tyre/road noise;

67 is an input quantity to allow for any gncertainty in the effect of test site properties,
primarily related to road surface characteristics and surface absorption characterigftics.

NOTE1 Theinputsincluded in Formula (D.1) to allowfor errors are those considered applicable according to the state
of knowledge at the time when this document was -being prepared, but further research can reveal that ther¢ are others.

NOTE 2  The estimated values of the delta functions can be principally positive or negative although they are
considered o be zero for the given measurement (see Table D.1). Their uncertainties are not additive for fhe purpose
of determinfing a measurement result.

NOTE3  The estimated value of(0} is a nonlinear function of vehicle speed. It is effectively zero at zerp km/h and
increases ngnlinearly with potential significance on the measurement result at any vehicle speed of 20 km/h or higher.

D.3 Expression for'the calculation of one-third octave band sound pressure levels of
vehicle 1pw speéd'operation

The generdl expression for the calculation of the one-third octave band sound pressure level at  low speed
operation ¢ondition, Ly, 4, is given by Formula (D.2):

Lyband = Lybandmeas * Og * 09 + 619 + 811 + 815 + 613 + 614 (D.2)
where
Lypandmeas 1S the A-weighted one-third octave band sound pressure level from any test specified in this

document at a band specified in IEC 61260-1;
Og is an input quantity to allow for any uncertainty in the measurement system;

Oq is an input quantity to allow for any uncertainty in the environmental conditions that affect
sound propagation from the source at the time of measurement;
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is an input quantity to allow for any uncertainty in the vehicle speed and position;

is an input quantity to allow for any uncertainty in the local environmental conditions that

affect characteristics of the source;

is an input quantity to allow for any uncertainty in the effect of environmental
conditions on the mechanical characteristics of the power unit and any external sound

generation system;

is an input quantity to allow for any uncertainty in the effect of environmental

conditions on the sound production of the propulsion system, any external sound
system, and the tyre/road noise;

generation

014

NOTE1
of knowledg

NOTE 2
considered
of determin

]

NOTE3 1
increases n
greater.

D.4 Exp

The geners
given by Fq

del_f=
where
fi,ref

fi,speed

Viest

Vief

Ing a measurement result.

is an input quantity to allow for any uncertainty in the effect of test site j
primarily related to road surface characteristics and surface absorption charac

'he inputs included in Formula (D.2) to allow for errors are those considered applicableaccording
e at the time when this document was being prepared, but further research can reyealthat there

'he estimated values of the delta functions can be principally positive or 'negative althou
fo be zero for the given measurement (see Table D.2). Their uncertainties are not additive for

'he estimated value of §;, is a nonlinear function of vehicle speed. It-i’s effectively zero at zer
pnlinearly with potential significance on the measurement result at any vehicle speed of

ression for the calculation of frequency shift of vehicle low speed ope

1l expression for the calculation of the frequency shift a low speed operation conditi

rmula (D.3):
{[(fi,speed 'fi,ref)/(vtest - Vref)]/fi,ref} - 100+ 615 + 616 + 517 + 618 + 619 + 620 + 521

quency;

is the frequencytdentified at any vehicle speed higher than the reference speed w
shifted referefice'frequency due to the increase in vehicle speed;

is the actual vehicle speed during the test;
is thereference vehicle speed from which relative speed changes are calculated;

is an input quantity to allow for any uncertainty in the measurement system;

roperties,
reristics.

y to the state
are others.

ch they are
the purpose

0 km/h and
20 km/h or

ration

on, del_f, is

(D.3)

is the frequency identified-at the reference vehicle speed which is defined as the reference fre-

hich is the

is an input quantity to allow for any uncertainty in the signal processing functions used for

identification of a frequency;

is an input quantity to allow for any uncertainty in the measured vehicle speed;

is an input quantity to allow for any uncertainty in the input of measured vehicle speed to any

external sound generation system;

is an input quantity to allow for any uncertainty in the identification of reference or

shifted frequencies by the responsible test engineer;
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is an input quantity to allow for any uncertainty in the effect of environmental conditions on

the sound production of the propulsion system, any external sound generation system, and the
tyre/road noise;

62 1

NOTE 1

is an input quantity to allow for any uncertainty in the effect of test site properties.

The inputs included in Formula (D.3) to allow for errors are those considered applicable according to the state

of knowledge at the time when this document was being prepared, but further research can reveal that there are others.

NOTE 2

The estimated values of the delta functions can be principally positive or negative although they are

considered to be zero for the given measurement (see Table D.3). Their uncertainties are not additive for the purpose
of determining a measurement result.

D.5 Uncertainty budget for determination of A-weighted sound pressure level and
one-third octave sound pressure level
Table D{1 — Uncertainty budget for determination of A-weighted overall sound-pressure level of
vehicle low speed operation -outdoors
Peak o 93%
Situation Quantity to ]?eak P.rob_a bll.lty Standa_rd Unger-
estima- | distribution | uncertainty .
tion Ly, tainty
Bias factors
dB +dB +{IB
Inherent spatial frequency biags NA Not Abrl)glica- Not Abll)é)lica- NA
Inherent spatial frequency vatiation 0,1 Skewed 0,025 0,03
Uncertainty factors
dB +dB +(IB
Wind-speed 0,02 gaussian 0,005
Wind gradient 0,01 gaussian 0,003
Témperature 0,04 gaussian 0,010
Ruh to TFemperature gradient 0,05 gaussian 0,013 ls
Ryn Relative humidity 0,00 gaussian 0,000
Speed variation (+1 km/h) 1,20 gaussian 0,316
Varying background noise 1,0 gaussian 0,300
Deviation from centred driving 3,23 gaussian 0,808
Pressure 0,00 gausstan 0,000
Day to Microphone location tolerance X 0,00 gaussian 0,000
Day Microphone location tolerance Y 0,32 gaussian 0,080 1,8
Microphone location tolerance Z 0.27 gaussian 0,068
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Table D.1 (continued)
Peak o 95%
. . . to peak | Probability | Standard
Situation Quantity . C . Uncer-
estima- | distribution | uncertainty -
. tainty
tion Ly,
Barometric pressure - altitude 0,00 gaussian 0,000
Test track surface absorption (2 % to 8 %)| 0,12 gaussian 0,030
Microphone Class 1 IEC 61672 1,0 gaussian 0,250
Si;e to Sound calibrator IEC 60942 0,5 gaussian 0,125 1.9
ite : . ’
IEC 61260-1 one-third octave filter toler- NA rectangular NA
ance
Speed measuring equipment continuous 0,12 rectangular 0,030
at PP
Table D.2 — Uncertainty budget for determination of A-weighted one-third octave'sound pressure
level of vehicle low speed operation - outdoors
Peak
to peak - 93 %
Situgtion Quantity esti- P_rob_a bll}ty Standa_rd Unger-
. distributien | uncertainty .
mation tainty
Li3
Bias Factors
dB +dB +{IB
Inherent spatial frequency bias L5 Not Applica- | Not Applica- NA
ble ble
Inherent spatial frequency.variation 5,50 Rectangular 1,588 16
Uncertainty factors
dB +dB +(IB
Wind speed 0,20 gaussian 0,050
Wind gradient 0,01 gaussian 0,003
JTemperature 1,40 gaussian 0,350
Ruh to Temperature gradient 0,20 gaussian 0,050 do
Ryn Relative humidity 0,10 gaussian 0,025 [
Speed variation (1 km/h) 1,2 gaussian 0,300
Varying background noise 1,0 gaussian 0,250
Deviation from centred driving (+50 cm) 7,27 gaussian 1,818
Pressure 0,00 gaussian 0,000
Day to Microphone location tolerance X 0,02 gaussian 0,005
Day Microphone location tolerance Y 0,90 gaussian 0,225 5,0
Microphone location tolerance Z 1,66 gaussian 0,415
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Table D.2 (continued)

Peak
0,
Quanitty Ui | robabily | Standard | uncer
mation tainty
Li/3
Barometric pressure - altitude 0,02 gaussian 0,005
Test track surface absorption (2% to 8 %) | 0,13 gaussian 0,033
Microphone Class 1 IEC 61672 1,0 gaussian 0,250
Sit_e to Sound calibrator IEC 60942 0,5 gaussian 0,125 5,2
Site IEC 61260-1 one-third octave filter toler- onn | eantancnloe N
ance ’ ° ’
Speed measuring equipment continuous 0,12 rectangular 0,030
at PP
D.6 Uncertainty budget for determination of A-weighted sound pressure level and
one-third octave sound pressure level: Updated first version of 1SO 16254 using a
single mjcrophone
Table DJ3 — Uncertainty budget for determination of A-weighted-overall sound pressur¢ level of
vehicle low speed operation
0,
Situation Quantity pie)g_like?t)i- cll)ll:t)ll-)fll)l:lltl:(t)ﬁ ursltc;:al;?:il;l(iy [;)If ce/;)'-
matiomLy, tainty
Bias factors
dB +dB +(1B
Inherent spatial freuency bias NA Not Abll)é)lica- Not Ab[l)é)lica- NA
Inherent spatial frequency variation 0,1 Skewed 0,029 o1
Uncertainty factors
dB +dB +{IB
Wind speed 0,00 gaussian 0,000
Wind gradient 0,00 gaussian 0,000
Temperature 0,04 gaussian 0,010
Ruh to Temperature gradient 0,00 gaussian 0,000 Ao
Ryt Relative humidity 0,00 gaussian 0,000 [
Speed variation (1 km/h) 1,2 gaussian 0,300
Varying background noise 1,0 skewed 0,250
Deviation from centred driving 3,60 gaussian 4,525
Microphone location tolerance X 0,00 gaussian 0,000
Day to Microphone location tolerance Y 0,24 gaussian 0,060 20
Day Microphone location tolerance Z 0,19 gaussian 0,048 ’
Pressure 0,00 gaussian 0,000
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Table D.3 (continued)

Peak to . 95 %
Situation Quantity peak esti- P_rob_a bll.lty Standa_rd Uncer-
. distribution | uncertainty .
mation Ly, tainty
Barometric pressure - altitude 0,00 gaussian 0,000
i 0,
Test track surface;ibsorptlon (2% to 011 gaussian 0,028
8 %)
Site t Microphone Class 1 IEC 61672 1,0 gaussian 0,250
ite to
Site Sound calibrator IEC 60942 0,5 gaussian 0,125 21
IEC 61260-1 one-third octave filter NA rectangular NA
tolerance
Speed measuring equipment continu- 0,12 rectangular 0,030
ous at PP
Table D.4 — Uncertainty budget for determination of A-weighted one-third octave‘sound pressure
level of vehicle low speed operation
Situatijon Quantity Peak to peak Probability dis- | Standard uncer- | 95 % Uncertain-
estimation L, 5 tribution tainty ty
Bias Factors
dB +/-dB +/-dB
Inherent spatial (4,3 . .
frequency bias Not Applicable Not Applicable NA
Inherent spatial |14,8
frequency varia- Rectangular 4,272 8,5
tion
Uncertainty
Factors
+/-dB
dB +/-dB
Wind Speed 0;31 gaussian 0,078
Wind Gradient 0,10 gaussian 0,025
Temperatutre 1,90 gaussian 0,475
Temperatire .
Gradient 1,10 gaussian 0,275
Run to Run Relative Humidity | 0,30 gaussian 0,075 12,5
Speed variation .
(+/- 1 km/h) 1,2 gaussian 0,316
Varving back-
o T,0 SRewed 0,249
ground noise
Deviation from 9,69 aussian 2,422
Centred Driving ’ gau ’
Microphone Loca- .
tion Tolerance X 0,20 gaussian 0,050
Mlcrophone Loca- 1,00 gaussian 0,250
Day to Day tion Tolerance Y 12,6
Microphone Loca- .
tion Tolerance Z 1,70 gaussian 0,425
Pressure 0,28 gaussian 0,071
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Table D.4 (continued)

Site to Site

Barometric Pres-
sure - Altitude

Test Track Sur-
face Absorption
(2 %-8 %)
Microphone Class
11EC 61672

Sound calibrator
IEC 60942

IEC 61260-1 one-

foxza £114 o0
TV eTireet

0,20 gaussian

0,30 gaussian

1,0 gaussian

0,5 gaussian

dhied oot £l (D AN oot gl
tIHTE o€

12,6

tolerance

Speed measuring
equipment contin-
uous at PP

rectangular

D.7 Uncertainty budget for determination of frequency shift
Table D.5|— Uncertainty budget for determination of frequency shift-of vehicle low speed pperation
Quantjty Estimate Standard Probability Sensitivity Uncertainty
in Hz uncertainty, distribution coefficient, contribution,
u; Ci UiC;
in Hz n Hz
del_f ks del_f — — 1 —
815 0 — — 1 —
From the individual uncertainty ¢ontributions, u,c; the combined standard uncertainty, u, can be calculated
according to the rules of ISO/IEC Guide 98-3, taking into account potential correlations between various
input quantities.

NOTE ]
this documg
to provide

'he uncertainty evaluation described represents a framework that provides useful informatio
nt. This information represents the state of technical information at this time. Further work
ncertainty information on all terms in Formula (D.3) and all interactions between such terms

nh to users of
S necessary

D.8 Exp

The expanded uncertainty, U, is calculated by multiplying the combined standard uncertainty, u, by the
appropriate coverage factor for the chosen coverage probability as described in ISO/IEC Guide 98-3.
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Annex E
(informative)

Testing requirements for reduced uncertainty

Regulatory usage of test procedures is influenced by the administrative processes used by various national
and international regulatory authorities. This document was developed with the expectation thatitis utilized
in regulatory assessment where the vehicle manufacturer has control over the test locatlon test equlpment

and deter
accredited
production
vehicle pel
the vehiclg
vehicle wil

There are
party will
reproducih
assuming {
in the test
unsatisfact

techmcal authorltles These types of regulatory processes typlcally also 1nclude do
assessment. The combination of these measures ensures the test results represent
formance while applying engineering judgement where necessary. The bagic [assun
meets the performance requirements anywhere within the tolerances specified in t
| provide satisfactory performance for all relevant operating conditions.

regulatory processes where this is not the case. For the regulatory\procedures wh
test a vehicle, additional stringency on the test procedure is required to ensure repg
le results. In these cases, engineering judgement cannot be applied due to the regulatg
hat a vehicle shall meet the regulatory requirements for all combinations of tolerance
If a vehicle cannot meet requirements for all possible cafiditions of test, the vehicle
ory and noncompliant with regulatory requirements.

the actual
hption is if
he test, the

bre a third
atable and
ry process
s specified
is deemed
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Annex F
(informative)

Frequency identification of tones using the fast Fourier
transformation

F.1 General

The fast Fqg
content of
processing
depend on
signal to bg

The sampl
or half of
requireme
to 90 % of

Applying a
implies tha
is rarely t
the frequ

developedPl. These windows attenuate the signal on the éxtremes to minimize effects of tran
Hanning-, Flattop-, and Rectangular window are commionly used.

For the ideptification of the frequency shift as a furiction of vehicle speed, the frequency of one or
components in stationary signals is required.

F2 Congcept

The identification of tonal components requires an observation of the signal for a sufficient time

is commo
spectrum i

A power sq
the same I¢
conjugate 9

In order to
has to be W

e analysed.

bd representation of a signal should not contain frequency content @bove the Nyquist

urier transformation or FFT is a powerful and commonly used algorithm to identify/t
sampled time series. The FFT algorithm is to be used with appropriate selected"di
(DSP) parameters in order to guarantee optimal results. The differencesin,'‘DSP i
what aspect of the signal needs identification or foreknowledge of some ‘characteri

the sampling frequency. Measurement systems include anti-aliasing filters to guai
ht. The practical implementations of anti-aliasing filters have their cut-off frequency
the Nyquist frequency.

n FFT on a block of time data inherently assumes that'this block repeats itself over
t the end of the block continues to the start of the block without any transient beha
e case and transients can be observed. This effect\is referred to as leakage. In ord
cy content as close as possible to the exact\frequencies, several time windows

ly obtained by processing the time series to an averaged power spectrum. This avera
s the average of theZpower spectra of a number of overlapping time blocks.

ectrum is thesquare norm of the FFT spectrum of a time block multiplied with a time

pectrum-

give'equal weight to all time samples from a signal energy point of view, the overlap
el chosen. This overlap percentage depends on the type of time window.

he spectral
bital signal
arameters
btics of the

frequency
rantee this
bet at 80 %

time. This
viour. This
er to keep
have been
sients. The

more tonal

lapse. This
ged power

window of

ength. The square norm is obtained by the multiplication of that FFT spectrum with its complex

bercentage

E3 Imp

lementation

The sampling frequency of the time series to be analysed should exceed the highest frequency of concern
with a factor of 2,5 corresponding to an anti-aliasing filter placed at 80 % of the Nyquist frequency. However,
it is recommended to use a higher factor (e.g. 4) to have negligible impact of that filter on the levels of the
tonal components of interest.

The size of each time block depends on the frequency resolution that is needed. Tonal components can be
identified with sufficient resolution if this component is on a spectral line index 100 or higher. The size of the

time block

is determined by the lowest frequency of interest.
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In order to suppress leakage, the use of the Hanning window is recommended. This window is a compromise
between correct amplitude estimation and adequate frequency identification. As a consequence, an overlap
factor of around 67 % is known to give equal weight to all time samples of the time series being analysed.

F.4 Example

Assume the case below:

— Minimal frequency of interest: F;, = 125 Hz

— Maximum frequency of interest: F ., = 2 400 Hz

Minimal sampling frequency:

— F,2F),,x4=2400Hzx4=9600Hz

Minimal dyration and size of time block or maximum resolution of the spectrum:
— T=2100/F,;,=100/125Hz=0,8s

— B,=F|-T=9600Hzx0,8s =7 680 samples

— AF=F|/B,=9600/7 680 =1,25

A wide nuber of selections apply to the requirements above. The selécted sampling frequency should be
equal or higher than the minimal sampling frequency and the frequéncy resolution equal or smaller than the
maximum fesolution:

— F,=12800Hz>9 600 Hz

— B, =14 384 samples

— AF=1p800/16384=0,78125<0,8

— F,,is|at spectral line 125 Hz/0,781 25 = 160.Hz

in

© IS0 2024 - All rights reserved
43


https://standardsiso.com/api/?name=438b36253bedee7c44f11fbc2ce1ebe6

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Symbols and abbreviated terms 
	5 Instrumentation 
	5.1 Instruments for acoustic measurement 
	5.1.1 General 
	5.1.2 Daily verification and adjustment 
	5.1.3 Conformity with requirements 

	5.2 Instrumentation for speed measurements 
	5.3 Meteorological instrumentation 

	6 Acoustic environment, meteorological conditions, and background noise 
	6.1 Test site 
	6.1.1 General 
	6.1.2 Outdoor testing 
	6.1.3 Indoor hemi anechoic or anechoic testing 
	6.1.4 Indoor external sound generation system testing 

	6.2 Meteorological conditions 
	6.2.1 General 
	6.2.2 Outdoor measurements 
	6.2.3 Indoor measurements 

	6.3 Background noise 
	6.3.1 Measurement criteria for A-weighted sound pressure level 
	6.3.2 Background noise requirements when analysing in one-third octave bands 
	6.3.3 Measurement background noise when testing a component 


	7 Test procedures 
	7.1 Full vehicle testing 
	7.1.1 Microphone positions 
	7.1.2 Conditions of the vehicle 
	7.1.3 Test mass of vehicle 
	7.1.4 Tyre selection and condition 
	7.1.5 Operating conditions 
	7.1.6 Measurement readings and reported values 
	7.1.7 Data compilation 
	7.1.8 Reported standstill results 
	7.1.9 Reported slow speed cruise result at 10 km/h 

	7.2 Measurement of sound to determine frequency shift 
	7.2.1 General 
	7.2.2 Instrumentation 
	7.2.3 Signal processing requirements 
	7.2.4 Test facilities 
	7.2.5 Frequency shift measurement test procedure 

	7.3 Measurement uncertainty 

	8 Test report 
	Annex A (informative)  Information on development of ISO 16254 
	Annex B (informative)  Development of frequency shift information 
	Annex C (informative)  Relevance of objective acoustic data to pedestrian safety 
	Annex D (informative)  Measurement uncertainty – Framework for analysis according to ISO/IEC Guide 98-3 (GUM) 
	Annex E (informative)  Testing requirements for reduced uncertainty 
	Annex F (informative)  Frequency identification of tones using the fast Fourier transformation 
	Annex G (informative)  Flowchart of the procedure for measurement and reporting of background noise 
	Annex H (informative)  Flowchart for the procedure to measure and report A-weighted sound pressure levels 
	Annex I (informative)  Flowchart for the procedure to report A-weighted one-third octave band sound pressure levels 
	Annex J (informative)  Tonality 
	Bibliography 

