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Foreword

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

elect

rotechnical standardization.
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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) are 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 approach, presence and/or departure of road vehicles.

Therefore, this International Standard has been developed to provide a method to measure the sound
emission of read-rehiclesinstandstiandlteow-speed-operationas-wel-asto-gquantifi-the-eharaeteristics
of any exterjnal sound-generation system installed for the purpose of conveying acoustic infermpation
about the agjproach, presence and/or departure of the vehicle to nearby pedestrians.

This International Standard was developed in cooperation with the Society of Autometive Engineers
(SAE) Vehicle Sound for Pedestrians Subcommittee.
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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
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This
meas
cond
soun|
pede]
cons

The 1
Such

The1
cond
perc
soun|
perc
hum
term

Spot
are ¢
this

using

In ad
of e

International Standard is derived from ISO 362-1 and specifies an engineering
uring the sound emitted by M and N category road vehicles at standstill and low-spe¢
litions. The specifications reproduce the level of sound which is generated by the prin
d sources consistent with stationary and low speed vehicle operating conditions

strian safety. The method is designed to meet the requirements of simplicity as far
stent with reproducibility of results under the operating conditions of the'vehicle.

est method requires an acoustic environment which is only obtaified in an extensive
conditions usually exist during the following:

easurements of vehicles for regulatory certification;
easurements at the manufacturing stage;
easurements at official testing stations.

esults obtained by this method give an objective measure of the sound emitted under {
litions of test. It is necessary to consider the,fact that the subjective appraisal of the
eptibility, and/or detectability of different-motor vehicles or classes of motor vehicles
d emission are not simply related to the.indications of a sound measurement system. A4
pptibility and/or detectability are strongly related to personal human perception, g
hn condition, culture, and environhiental conditions, there are large variations and the
s are not useful as parameters.to-describe a specific vehicle condition.

checks of vehicles chosen gtiandom rarely occur in an ideal acoustic environment. If m4
arried out on the road ifi an acoustic environment which does not fulfil the requireme

b the specified conditions.

dition, this International Standard provides an engineering method to measure the |
ternal sound\generation systems intended for the purpose of providing acoustic inf

pedestrians gn'a vehicle’s operating condition. This information is reported as objective cri
to the extefnal sound generation system’s sound pressure level, frequency content, and
sound pressure level and frequency content as a function of vehicle speed. As such, these m
provjdepedestrians with information on the location, speed, acceleration, and deceleration behaviour
of a vehicle. Annex A contains background information relevant in the development of this International
Standard.
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2 Normative references

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

[SO 362-1, Measurement of noise emitted by accelerating road vehicles — Engineering method — Part 1: M
and N categories
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ISO 10844, Acoustics — Specification of test tracks for measuring noise emitted by road vehicles and

their tyres

ISO 26101, Acoustics — Test methods for the qualification of free-field environments

IEC 60942, Electroacoustics — Sound calibrators

[EC 61260-1, Electroacoustics — Octave-band and fractional-octave-band filters — Part 1: Specifications

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

SAE ]2889-1, Measurement of Minimum Noise Emitted by Road Vehicles

ISO/IEC Guilde 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncerntdin

measuremen

3 Terms

For the pur

31
front refer
vertical play

3.2
rear refere
vertical plaj

3.3

external sound generation system

system that]
provide infd

34
component]
external sol
separately f

3.5
kerb mass

complete shfipping masscfd vehicle fitted with all equipment necessary for normal operation ply

mass of the
3500 kg:

lubricar

t (GUM:1995)

and definitions

bnce plane
le tangent to the leading edge of the vehicle

nce plane
le tangent to the trailing edge of the vehicle

provides an acoustic signal to the external environment of the vehicle for the purpo
rmation to pedestrians

nd generation system [(3.3) intended to emit sound information which can be t{
fom the vehicle

following elements for M1, N1 and M2 having a maximum authorized mass not exceg

1ts;/coolant (if needed), washer fluid;

oses of this document, the terms and definitions given in ISO 362-1"and SAE J2889-1
the followint apply.

ty in

and

se to

bsted

s the
ding

— fuel (tank Tilled to at Ileast 90 % of the capacity specified by the manufacturer);

extingu

isher(s), spare parts and tool kit

other equipment if included as basic parts for the vehicle, such as spare wheel(s), wheel chocks, fire

Note 1 to entry: The definition of kerb mass can vary from country to country, but in this International Standard

it refers to th

e definition contained in ISO 1176.

Note 2 to entry: M and N vehicle categories are defined in SAE ]J2889-1 and ISO 362-1.

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 as determined by the following conditions:
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a) the massin running order is taken as the sum of the unladen vehicle mass and the driver’s mass;

b) in the case of category M2 and M3 vehicles that include seating positions for additional
crewmembers, 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 ISO 2416.

Note 2 to entry: Unladen vehicle mass is defined in ISO 362-1.

3.7

full vehicle operation
operation of a vehicle with all systems and components operating according to the manufacturer’s

specification for normal road use

3.8

simylated vehicle operation
operftion of a vehicle with some systems or components disabled to reduce neiSe interfer]
testing which may include external signals applied to the vehicle to simulate actdal in-use s

3.9

lowest frequency of interest
freqyency below which there is no signal content relevant to the measurement of sound

the viehicle under test

4 $ymbols and abbreviated terms

ence during
ignals

bmission for

Table 1 — Symbols and abbreviated terms and the paragraph in which they are first used
Symbol Unit Subclause Explanation
' Line perpendicular to vehicle travel which indicated the
AA — 7151 beginni .
eginning of the zone to record sound pressure level during test.
, Line perpendicular to vehicle travel which indicatgs end of the
BB — 7151 .
zone to record sound pressure level during test.
51 - 57 dB D.2 Input quantities to allow for any uncertainty in A-yeighted
sound pressure level.
I dB D3 Input quantities to allow for any uncertainty in on¢-third-
8- ol - octave-band A-weighted sound pressure level.
Se-s Gz D.4 Input quantities to allow for any uncertainty in frequency
15021 — measurement used for the determination of frequgncy shift.
cc’ — 6.1.3 Centreline of vehicle travel.
5 Hz 7959 Single frequency component of external sound genferation
Jispeed e system at a given vehicle speed.
i Hz 7959 Single frequency component of external sound genferation
wof o system at reference vehicle speed.
del_f % 7.2.5.2 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.
Fs Hz 5141 Sampling frequency used by digital signal processing system
: Index for single test run within stopped or slow speed cruise
J — 6.3.2 oy
test conditions
o m 6.1.3 Vehicle length used for determination of minimal space
vehicle E— necessary to fulfil hemi-anechoic space requirements.
Let fud dB 71.8 Vehlc_le_ A-weighted sound pressure level in stationary forward
’ B condition.
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Table 1 (continued)

Symbol Unit Subclause Explanation
Let rev dB 718 Vehlc_le_ A-weighted sound pressure level in stationary reverse
’ — condition.
Cruise vehicle A-weighted sound pressure level at a vehicle
Lers,10 dB 7L speed of 10 km/h.
Lcorr dB 6.3.2 Background noise correction.
Ltest, dB 6.3.2 A-weighted sound pressure level result of jth test run.
A-weighted sound pressure level result of jth test run
Ltestcorr; dB 0.3.2 TOTTected for back
PTOUNd NOISE.
Lbgn dB 6.3.1 Background noise A-weighted sound pressure level.
Range of maximum to minimum value of the represejitative
ALpgn,p-p dB 6.3.1 background noise A-weighted sound pressure level‘over a
defined time period.
L dB D.2 A-weighted sound pressure level for any stationary or cruise

condition for use in assessment of measurement uncertainjty.

A-weighted sound pressure level per ane-third-octave band
Ly band dB D.3 for any stationary or cruise condjtion for use in assessmernt of
measurement uncertainty.

A-weighted sound pressure level for any stationary or cruise

Limeas dB D.2 condition for use in assessment of measurement uncertainty.
A-weighted sound préssure level of jth test result minus thg
AL dB 0.3.2 A-weighted background noise level (AL = Ltest,j - Lbgn)-
Block size of digital sample used for discrete Fourier
N — 7.2.3 ;
transform orautopower spectrum analysis.
PP’ . 711 Line perpendicular to vehicle travel which indicates locatipn of

microphones.

Vehicle velocity when vehicle front reference plane in forwjard
VAA km/h 5.2 mation passes line AA'. See 3.1 for definition of front
reference plane.

Vehicle velocity when vehicle front reference plane or rear|of
VBB’ km/h 5.2 vehicle in forward motion passes line BB'. See 3.1 for definjition
of front reference plane.

Vehicle velocity when vehicle front reference plane in
Vpp' km/h 52 forward motion passes line PP’. See 3.1 for definition of frqnt
reference plane.

Reference vehicle velocity used for calculating frequency shift

Vref kmip percentage.

N
o
o
o

Vtest km/h

~N
—
o1
o

Target vehicle test velocity.

5 Instrumentation
5.1 Instruments fOI‘ acoustic measurement

5.1.1 General

The apparatus 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 recommended
windscreen, if used). These requirements are described in IEC 61672-1.

The entire measurement system shall be checked by means of a sound calibrator that fulfils the
requirements of class 1 sound calibrators in accordance with IEC 60942.

4 © IS0 2016 - All rights reserved
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Measurements shall be carried out using the time weighting “F” of the acoustic measurement
instrument and the “A” frequency weighting also described in [EC 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 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 least a 16 bit quantization. The sampling rate, Fs, and the dynamic range shall be appropriate to the
signal of interest.

The ilnstruments shall be maintained and calibrated in accordance to the instructions of thq

maniy

5.1.2

At th
shall
the d
resu

5.1.3

Com
Comj
least]
perfq

5.2

The
least]

If tes
of at

NOTH

be checked by means of a sound calibrator as described in 5.1.1. Without any further
ifference between the readings shall be less than or equal to 0,5.dB. If this value is e
ts of the measurements obtained after the previous satisfactory.check shall be discard

Compliance with requirements

bliance of the sound calibrator with the requirement$yof IEC 60942 shall be verified
bliance of the instrumentation system with the requirements of [EC 61672-1 shall b
every 2 years. All compliance testing shall be:¢onducted by a laboratory which is af
rm calibrations traceable to the appropriate standards.

Instrumentation for speed measurements

Foad speed of the vehicle shall be.fneasured with instruments meeting specification
+0,5 km/h when using continudus measuring devices.

ting uses independent measurements of speed, this instrumentation shall meet specifi
least £0,2 km/h.

Independent measurements of speed are when two or more separate devices will deter

vep’ and vpp’ values. A contintious measuring device will determine all required speed information wi

5.3

The
shall

Meteorological instrumentation

meteorological instrumentation used to monitor the environmental conditions dur
meetthe specifications of the following:

instrument
ifacturer.
Calibration
e beginning and at the end of every measurement session, the entire acoustic measureinent system

adjustment,
kceeded, the
led.

once a year.
b verified at
hthorized to

limits of at

Cation limits

mine the vap,
th one device.

ing the test

11°C or less for a temperature measuring device;

— *1,0 m/s for a wind speed-measuring device;

— x5 hPafor a barometric pressure measuring device;

— 5 % for a relative humidity measuring device.
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6 Acoustic environment, meteorological conditions, and background noise

6.1 Test site

6.1.1 General

The specifications for the test site provide the necessary acoustic environment to carry out the full
vehicle or component tests documented in this International Standard. Outdoor and indoor test
environments that meet the specifications of this International Standard provide equivalent acoustic
environments and produce results that are equally valid.

6.1.2 Out

The test sif
requiremen

Within a rad
such as feng
free from aH

door testing

e shall be substantially level. The test track construction and surface shall’mee
[s of ISO 10844. Figure 1 gives information on test site dimensions.

ius of 50 m around the centre of the track, the space shall be free of large.reflecting ob
es, rocks, bridges or buildings. The test track and the surface of the site shall be dry
sorbing materials, such as powdery snow or loose debris.

t the

ects,
r and

In the vicinity of the microphones, there shall be no obstacle that could influence the acoustic field and

no person shall remain between the microphone and the noise source."The meter observer sh3
positioned o as not to influence the meter reading.

NOTE 1
test track.

B

«

The term
discontinuif]
propagation
Engineering
test track it

For the pur
either ISO 1
to 20 km/h.

NOTEZ2 G

ildings outside the 50 m radius might have significant influence if their reflection focuses d

substantially level” is intended to convey..that the test site shall not have slopg
ies that would render invalid the assumption the site provided free-field aco
. This is not to limit slopes on the test site necessary for water management, drainage
judgement is expected to be applied to determine the effect on the site of any obstacle
elf is subject to the requirements.specified.

pose of this International Standard, test track constructions and surfaces accordi
)844:2011 or ISO 10844:1994 will also provide satisfactory results for vehicle speeds

vernment regulations'can require specific surface requirements.

11 be

n the

PS Or
ustic
, etc.
. The

ng to
of up
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Dimensions in metres

Key

NOTH

6.1.3

This
the 1
systq

The

\ 10 10 10 10 /

prea free of reflecting objects
microphone (height 1,2 m)

The shaded area is the minimurh area to be covered with a surface complying with ISO 1

Figure 1 — Test site dimensions

Indoor hemianechoic or anechoic testing

subclause spécifies conditions applicable when testing a full vehicle, either operating a
pad with all’systems operational or operating in a mode where only the external soun
m is operational.

Lest\facility shall meet requirements of ISO 26101 with the following qualification

0844.

5 it would on
l generation

criteria and

meag

urement requirements appropriate to this test method.

Space to be deemed hemi-anechoic shall be defined 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 metres

1,2

Key
cc centreline of vehicle travel
D, E, F G micfophone positions

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

For qualifyipg the hemi acoustic space, the following evaliation shall be conducted:
— sound spurce location shall be placed on the floorih middle of the space deemed to be anechoi;
— sound spurce shall provide a broadband inpuit-for measurement;
— evaluatfon shall be conducted in one-third-octave bands;

— microp}Eone locations for evaluatienshall be on a line from the source location to each positipn of
microphones used for measurement in the International Standard shown by points D, E, F, and G in
Figure 2. This is commonly referred at the microphone transverse;

— the mayimum spacing of the’'measurement points for evaluation on the microphone transverse line
shall depend on the siZe)of the space deemed hemi-anechoic. A minimum of 10 points shall be ysed;

— the onejthird-octavé bands used to establish hemi-anechoic qualification shall be defined to ¢over
the speg¢tral range’of interest.

The test facility shall have a cut-off frequency, as defined in ISO 26101, lower than the lowest freqyency
of interest.

In the vicinity of the microphones, there shall be no obstacle that could 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 to influence the meter reading. Microphones shall be located as specified in

Figure 1.

NOTE It is expected that users of this International Standard 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.

In the absence of any information on the range of frequencies to be measured for hemi-anechoic
qualification, it is recommended to use the frequency range from 100 Hz to 10 000 Hz.

8 © IS0 2016 - All rights reserved
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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 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 could influence the acoustic field and

no p
posit

6.2

6.2.1

Mete
prev

A va

duripg the measurement interval.

6.2.2

The
posit

The measurements shall be made when the ambient air temperature is within the range from

The {
key ¥
battd

The

duripg the noise measurement interval.

6.2.3

The neasurements shall be made when the ambient air temperature is within the range from

The {
key
battd

erson shall remain between the microphone and the noise source. The meter obser]
ioned so as not to influence the meter reading. Microphones shall be located as specifi

Meteorological conditions

General

orological conditions are specified to provide a range of normakleperating temperat
bnt abnormal readings due to extreme environmental conditions;

ue representative of temperature, relative humidity, andibarometric pressure shall

Outdoor measurements

meteorological instrumentation shall deliver‘data representative for the test site §
ioned adjacent to the test area at a height representative of the height of the measuring

\mbient temperature may of necessity be restricted to a narrower temperature range
rehicle functionalities that can, reduce vehicle noise emissions (e.g. start/stop, hybrid
ry propulsion, fuel-cell stacKioperation) are enabled according to manufacturer’s speg

ests shall not be carried’out if the wind speed, including gusts, at microphone height e

Indoor measarements

hmbienttemperature may of necessity be restricted to a narrower temperature range
rehicle functionalities that can reduce vehicle noise emissions (e.g. start/stop, hybrid
rypropulsion, fuel-cell stack operation) are enabled according to the manufacturer’s sp

ver shall be
ed in 7.1.1.

ures and to

be recorded

nd shall be
microphone.

b °Cto 40 °C.
such that all
propulsion,

ifications.

ceeds 5 m/s

b °Cto 40 °C.

such that all
propulsion,
ecifications.

6.3

Background noise

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.

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
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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 both microphones
shall be reported as the background noise, Lpgn, along with the maximum to minimum range of the
background noise from both microphones, ALpgn,p-p-

Figure 3 provides graphical information on the determination of the maximum to minimum range of
background noise.

The one-third-octave frequency spectrum measured according to IEC 61260-1, corresponding to the
reported maximum level of background noise shall be reported.

The peak tQ pp;\k range of the h;\r‘kgrm]nd naoise A’bE,..,y B is determined hy cnhfrqr‘h’ng the lawest
background| noise observed during the 10 s time interval from the largest background noise obsgrved
during the 10 s time interval.

When repojting in one-third octaves is required, the background noise shall meet the lbequirements
given in 6.3)3.

Annex G gives measurement criteria for A-weighted sound pressure levels in flowchart form as ap aid
to measurerpent and reporting results.

NOTE1 Bgjckground noise measurements account for the variations in time atboth microphones. The intent
of the above statement is to capture the entire range of variation experienced.at the test facility to provide an
assessment of the suitability of the test facility to carry out the specified measurements.

NOTE 2  Tle range of background noise, ALpgn p-p, is specified to ensure the background noise is sufficjently
time invariamt, meaning, in an acoustic sense the variation in sound ‘pressure level vs. time is low enough, to
be able to apply the background corrections of Table 2 to A-weighted sound pressure levels. One-third-ofctave
measuremenfs do not have the necessary background noise time invariance to allow for compensation.

Yi
2
-
1 N
L
7
3
X
Key
1 range ofthe background noise level, ALnhgn,p-p
2 maximumn noise’tevel during background noise check
3 minimurh hoise level during background noise check
X  time
Y background noise level

Figure 3 — Determination of the range of background noise

6.3.2 Vehicle A-weighted sound pressure level measurement correction criteria

Depending on the level and the range of maximum to minimum value of the representative background
noise A-weighted sound pressure level over a defined time period, the measured jth test result within a
test condition, Ltest,j, shall be corrected according to Table 2 to obtain the background noise corrected
level Ltestcorr,j- Except where noted, Ltestcorr,j = Ltest,j - Leorr
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Table 2 — Correction for level of background noise when measuring full vehicle A-weighted

sound pressure level

Correction for background noise
Range of maximum to Sound pressure level of jth Correction,
minimum value of the test result minus Lecorr
representative background background noise level, in dB
noise A-weighted sound AL = Ltest,j - Lbgn,
pressure level over a in dB
defined time period,
ALbgn,p-p,
indB
Not applicable AL =10 0
8<AL<10 0,5
6<AL<8 1,0
< 45<AL<6 L5
3<AL<4,5 2,5
AL <3 dB No¥alid measurement chn
be reported
The frained technician should ensure that measurements are onljxperformed when there isno transient
distyrbance that could potentially result in an inappropriate ngise correction.
Backiground noise corrections to measurements are onlyyvalid when the range of the maximum to
minimum background noise A-weighted sound pressure level is 2 dB or less. In all cases where the
range of the maximum to minimum background noise"is greater than 2 dB, the maximun{ level of the

background noise shall be 10 dB or more below the level of the measurement. When the naximum to
minimum range of background noise is greater.than 2 dB and the level of the background [noise is less
than|10 dB below the measurement, no valid. measurement is possible.

Backiground compensation is not permitted for one-third-octave-band measurements.

The pse of indoor test facilities may-be necessary to achieve the specifications in this International
Stanglard.

Anngx H gives correction criteria for A-weighted sound pressure levels in flowchart form|as an aid to
meagurement and reporting results.

NOTH The requirements for margin between background noise and test results are given to maintain
an unpcertainty of 1<dB~or less solely due to background noise. Total measurement uncertainty will include
uncertainty due to‘additional factors.

6.3.3 Background noise requirements when analysing in one-third-octave bands

Wheh@eporting one-third octaves according to this International Standard, the level of background
noisetmreactrone-third=octave of interest, amatysed according to 6-3-1; shatt beat feast 6dB below the
measurement of the vehicle or external sound generation system under test in each one-third-octave-
band of interest. The A-weighted sound pressure level of the background noise shall be at least 10 dB
below the measurement of the vehicle or external sound generation system under test.

Background compensation is not permitted for one-third-octave-band measurements.

Annex I gives measurement criteria for 1/3 octave sound pressure levels in flowchart form as an aid to
measurement and reporting results.

NOTE The requirements for margin between background noise and test results are given to maintain

an uncertainty of 1 dB or less solely due to background noise. Total measurement uncertainty will include
uncertainty due to additional factors.
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6.3.4 Measurement background noise when testing a component

When measuring an external sound generation system separate from the vehicle as provided in this
International Standard, the background noise level shall be at least 10 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.

ments where narrowband results are reported, the narrowband background noise shall be

the same frequency resolution as the measurement results.

For measuré
reported at

7 Test procedures

7.1 Full vehicle testing

7.1.1 Microphone positions

The distanc
line CC’ as s

p from the microphone positions on the microphone line BRto the perpendicular refetence
becified in Figure 1 on the test track or in an indoor test facility shall be 2,0 m * 0,05 m.

rfree
rards

The microplones shall be located 1,2 m * 0,02 m above the ground level. The reference direction foj
field conditions as specified in IEC 61672-1 shall be horizontal and directed perpendicularly tow

the path of t
7.1.2 Con

7.1.2.1 Gg

The vehicle

he vehicle line CC'.
ditions of the vehicle

tneral conditions

chall be supplied as specifiediby the vehicle manufacturer.

Before the nheasurements are started,the vehicle shall be brought to its normal operating conditiqgns.

7.1.2.2 Bjttery state of chafrge

key
ithin
noise
test.

ed, propulsion_batteries shall have a state-of-charge sufficiently high to enable al
functionalites according{to the manufacturer’s specifications. Propulsion batteries shall be wj
their component-temperature window to enable all key functionalities that could reduce vehicle
emissions. Alny othertype of rechargeable energy storage system shall be ready to operate during thg

If so equipy

7.1.2.3 Accéssory 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, entertainment, communication, and navigation systems shall be switched off.

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

7.1.2.4 Multi-mode operation

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.
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When the vehicle provides multiple operating modes that are automatically selected by the vehicle,
it is the responsibility of the manufacturer to determine the correct manner of testing to achieve the
minimum sound emission.

In cases where it is not possible to determine the vehicle operating mode providing the lowest sound
emission, all modes shall be tested and the mode giving the lowest test result shall be used to report the
vehicle sound emission in accordance with this International Standard.

NOTE Modes include, but are not limited to: engine operation state (on or off), driver selectable operating
modes (sport, eco, winter, etc.), vehicle selectable operating modes (sport, eco, winter, etc.), and transmission
selection mode (sport, eco, winter, etc.). Modes do not include transmission gear selection such as park, drive,
reverse or neutral

7.1.1.5 Vehicle non-pedestrian safety warning signals
No spund or noise source not related to pedestrian safety shall operate during the tests.

The purpose of this requirement is to ensure no sound or noise source not nelated to pedegtrian safety
shallloperate during the test.

7.1.3 Test mass of vehicle

Meagurements shall be made on vehicles at kerb mass +75 kg©tymass in running order, af defined by
the manufacturer, with an allowable tolerance of +15 %.

7.1.4 Tyre selection and condition

The fyres for test are selected by the vehicle manufacturer and shall correspond to one of the tyre sizes
and fypes designated for the vehicle by the vehicleé manufacturer.

The tyres shall be inflated to the pressure rtécommended by the vehicle manufacturer for the test mass
of the vehicle.

NOTH Tyre noise will contribute to\the sound emission of the vehicle at any speed over 0 kmJh. At vehicle
speeds in excess of 20 km/h, tyre noise will have a significant contribution to measured sound pregsure levels.

7.1.§ Operating conditions

7.1.3.1 General conditions

The path of the centreline of the vehicle shall follow line CC’ as closely as possible througholit the entire
test, from the apptoach to line AA" until the rear of the vehicle passes line BB". Any trailer, which is not
read|ly separable from the towing vehicle, shall be ignored when considering the crossing of the line BB'.

7.1.3.2_. “Test speeds

The vehicle shall reach the test speed, viest, when the front reference plane according to the definition
givenin 3.1 is 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 speed, viest, shall be 0 km/h with the front reference plane or rear reference plane, as
appropriate, on the PP’ line.
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If the vehicle is equipped with an internal combustion engine and a second source of propulsive power,
the stopped condition test measurement shall be made after a time delay from the vehicle stopped

condition 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 on the 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

The vehicle
shall be in a
shall detern

NOTE
the gear sele
where itisre

7.1.5.3.5

4

The vehicle

shall be in the normal driving position for testing when the front reference plane of the vehicle is o

PP’ line. Th{
plane of the
manufactur

7154 Sl

7.1.5.4.1

If a vehicle
plane on the
a duration o
maximum A

For the purj
pressure ley
system contj

7.1.5.4.2

y

Tlhe common situation for stopped vehicle testing would be for a manual transmission vehicle to

Manual transmission vehicle

shall be tested in the appropriate standstill mode as defined in 7.1.2.4. The\|géar sel
gear and the vehicle shall remain at 0 km/h for the duration of the test. The‘-manufac
line the appropriate condition for testing.

Ctor in neutral. However, for the purpose of this test, the intention is¢o“place the vehicle in a
ndy to move.

\utomatic transmission vehicle

shall be tested in the appropriate standstill mode as-defined in 7.1.2.4. The gear sel

e gear selector shall be in the reverse driving position for testing when the rear refef
vehicle is on the PP’ line. The vehicle shall remain at 0 km/h for the duration of the test
er shall determine the appropriate condition for testing.

pw speed cruise

General

s tested in an indoor facility, the vehicle shall be located with the front or rear refet
PP’ line, as appropriate-The vehicle A-weighted sound pressure level shall be measurg
[ 5 sand reported. The one-third-octave frequency spectrum corresponding to the rep
-weighted sound-pressure level shall be reported.

pose of measuring the performance of an external sound generation system, the s
el of the vehicle may be measured with the vehicle at 0 km/h and external sound gener
rolled as't@ simulate operation at 10 km/h.

\utomatic transmission vehicle

bctor
furer

have
state

bctor
n the
ence
. The

ence
d for
rted

pund
htion

The gear sel

ector shall be placed as specified by the manufacturer for normal driving.

7.1.5.4.3 Manual transmission vehicle

The gear selector shall be placed in the highest gear which can achieve the target vehicle speed with
constant engine speed.

7.1.5.4.4 Forward testing at 10 km/h

The test spe

ed, Vtest, shall be 10 km/h + 1 km/h between AA’ and PP".

Itisrecommended thatif other vehicle speeds are specified in regulations, the performance specification

given here ¢

14

an be modified to change the test speed, retaining all other specifications.
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7.1.6 Measurement readings and reported values

7.1.6.1 General

It is recommended that persons technically trained and experienced in current noise measurement
techniques select the test instrumentation and conduct the tests.

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

At least four measurements for all test conditions shall be made on each side of the vehicle and for each
mod¢tested:

The first four jth valid consecutive measurement results for any test condition, within2,0 (1B, allowing
for the deletion of non-valid results, shall be used for the calculation of the appropriate intgrmediate or
final|result.

For measurement of a vehicle in motion (forward and backing) outdoors, the maximum A-weighted sound
presgure level indicated during each passage of the vehicle between AA" and\PP’ (Ltest ) shallbe noted for
each|microphone position, to the first significant digit after the decimal.place (for example, X[X,X).

For theasurement of a vehicle in motion indoor and in standstill (forward and backing), the maximum
A-wdighted sound pressure level indicated during each periodtof 5 s defined in 7.1.5.4.1 for each
micrpphone position, Ltestj, shall be noted, to the first sigiificant digit after the decimal place (for
example, XX,X).
NOTE 1  Satisfying the criteria listed above requires evalation of measured sound pressure dafa vs. time to
select the appropriate time segments for proper analysis;and reporting of measured values accqrding to this
Interpational Standard.

NOTHE 2  Anintermediate result can be for one vehicle mode or operating condition.

7.1.4.2 Measurement of a vehicle in Standstill conditions

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

The yehicle sound pressure level shall be measured for a duration of 5 s.

For dach maximum A-weighted sound pressure level for each microphone position, the cofresponding
one-third-octave resudbs for each microphone position shall be reported.

7.1.6.3 Measurement of a vehicle in motion

7.1.4.3.% \'General

Th wBhelanico crmacifinc thn vt b o b Ao c e tho vyoahicsl Had amaiccing 130 A oo
ls SUupuTtIidauocv Ol.l\,\'lll\'o CIIC 1 b\.iull CITICIITO LU TIICdAdoSuUrIr v tIIC voIlnicr

7.1.6.3.2 Outdoor testing

For each maximum A-weighted sound pressure level, the corresponding one-third-octave spectrum
shall be reported for each microphone position.

7.1.6.3.3 Indoor testing
The vehicle sound pressure level shall be measured for a duration of 5 s.

If a sound peak obviously out of character with the general sound pressure level is observed, that
measurement shall be discarded. The selected sound sample shall be representative of the vehicle
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minimum sound emission in the condition of test in absence of any transient disturbance. Ltest,j for each

microphone

position shall be corrected according to the criteria given in 6.3.2 to obtain Ltestcorr,.

For each maximum A-weighted sound pressure level, the corresponding one-third-octave spectrum
shall be reported for each microphone position.

7.1.7 Data compilation

7.1.7.1 Maximum A-weighted sound pressure level data compilation

For a given test condition and mode (see 7.1.2.4), the background-corrected results, Liestcarr; Of the

runs shall b

The reporte
nearest inte

7.1.7.2 One-third-octave sound pressure level data compilation

The one-thij
third-octavq

each individual measurement run.

The final on|
correspondi

No backgrogind correction shall be applied to any measured one;third-octave result.

Any one-thi
reported fof

7.1.8 Standstill results

The Lst‘fwd d
definitions g

If one-third-

7.1.9 SloW speed cruise resultat 10 km/h

The Lers,10 Y

given in 7.1.6

If one-third{

e averaged separately for each side.

d A-weighted sound pressure level is the lower value of the two averages, rounded t
oer.

'd-octave reported spectrum shall be the arithmetic average of thefour individual run|
spectra corresponding to the maximum A-weighted sound pressure level on each sid

e-third-octave spectra, measured according to [EC 6126031, to be reported are the sp
ng to the same side as the reported A-weighted sound-pressure level.

rd-octave spectrum measured when the conditions of 6.3.3 are not satisfied may on
information and the measurement uncertainties given in Table 4 are not valid.

nd Lst rev value for each mode according to 7.1.2.4 shall be the result from 7.1.5.3 usin
riven in 7.1.6.

octave bands are analysed, they shall use the result given in 7.1.7.2.

alue for each moede according to 7.1.2.4 shall be the result from 7.1.5.4 using the defini
D.

octave bands are analysed, they shall use the result given in 7.1.7.2.

7.1.10 Reqorted value

b the

one-
e for

pctra

lly be

io the

kions

The reported value L¢rs,10, Lst,rev and Lst fwd shall be the minimum of the Lers 10, Lst,rev and Lst fwd, values
for each mode according to 7.1.2.4.

7.2 Meas

urement of sound to determine frequency shift

7.2.1 General

The specifications contained in these sections are intended to measure the emitted acoustic information
from an external sound generation system installed for purposes of providing acoustic information to
pedestrians in the near vicinity of a vehicle. The information so measured characterizes the frequencies
emitted by the system, as well as the change in frequency as a function of vehicle operating parameters.

No background correction shall be applied to any measured result.
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See Annex B for further information on frequency shift.

7.2.2

Instrumentation

The entire acoustic measurement system including microphone(s) and any subsequent measurement

appa

ratus shall fulfil the requirements of IEC 61672-1, class 1 sound level meter.

The digital sound recording system shall have at least a 16 bit quantization. The sampling rate, Fs, and
the dynamic range shall be appropriate to the signal of interest.

NOTE

No specific requirements have been given for sampling rate due to the wide range of signal frequency

conte
sampy

7.2.3

The {
the f
discy

£ ilot L ] p= I fad o 1 laod Ll = S H 2| ] 211 1
Trecrrac tray otaftrary STt 15 CApteTCa—Ttrrat ’oOvw IctOgCaorC—ant T arnCt peTrsoTeTvy it SCIee

ling rates.

Signal processing requirements

requency resolution, Af, of the measurement shall be sufficiently precise to-differenti
requencies at the various test conditions. The sound analysis system shall be capable of
ete Fourier transform and auto power spectrum analysis at a freqiency resolution 3

freqyency range containing all frequencies of interest. The block size,N, used for subse

proc

Anal
7.2.4

7.2.4
The {

7.2.4
The {

The 4
0,51
emit

bssing shall enable the required Af, where Af < Fg/N.

yser settings shall be determined by the user to provide ddtaaccording to these requiy
Test facilities

.1 Vehicle test facilities

est facility shall meet the requirements given in 6.1.2 or 6.1.3.

.2 Component test facilities
est facility shall meet the requirements given in 6.1.4.

ound emitting component ofthe external sound generation system is recommended to
h above a reflecting plane(floor) of the test space. The primary propagation axis
Fing component shall be'oriented horizontal to the reflecting plane.

The microphone is recommended to be located 1,0 m from the centre of the component ata he

NOTIH
the m
of thg

7.2.5

Specifietecommendations have been given for placement of the external sound generatidg
icrophone within the test facility to provide guidance for successful testing. There are other 4
external'sound generation system and microphone that can be effective to measure frequenc

Frequency shift measurement test procedure

appropriate

hte between
performing
nd over the
juent signal

ements.

be mounted
f the sound

ghtof 0,5 m.
n system and

rrangements
y content.

7.2.5.1 General

7.2.5.1.1 Frequency shift measurements

The frequency shift shall be measured by a vehicle, a simulated vehicle operation, or a component based
test procedure.

7.2.5.1.2 Full vehicle operation

The vehicle shall be installed in an indoor test facility where the vehicle can operate in the same
manner as outdoors. All microphone locations shall be as for the full vehicle test conditions as specified
in Figure 1. The front plane of the vehicle shall be on the PP’ line.

© ISO

2016 - All rights reserved

17


https://standardsiso.com/api/?name=97386304ce9fae8e7ada7c80e8070983

ISO 16254:2016(E)

Outdoor variant: The vehicle shall be operated in the same outdoor test facility and according to the
same general operating condition as for the full vehicle testing (see 7.1). The microphone shall be
installed on board of the vehicle in the direct vicinity of the emitting surface of the external sound
generating system. The acquisition system shall be installed on board of the vehicle.

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 International Standard.

Special care shall be taken to carry out the frequency shifting measurements in outdoor facilities with
the vehicle in motion. The signal intended to be measured should not be masked by other vehicle or
background noise.

NOTE1 Typical signal analysis tools provide frequency vs. speed of the tonal component(s) that cortiedpond
with vehicle $peed.

NOTE 2  N¢ specific frequency identification process has been specified as there is no knowinddentifidation
specificationfthat can clearly identify frequencies which shift with vehicle operating conditions; primarily vehicle
speed, when fhe frequency content of the desired signal and any background noise is unkndwyt. See Annex|B for
further information.

NOTE 3  Itfis understood when using an indoor test facility that the vehicle will remain in position relatjve to
the microphdnes. This is for the purpose to provide an acoustically stationary signdl.for subsequent analysis and
reporting of fesults.

On board mjicrophones do not have relative motion from the souné/géneration system and deliyer a
more reliable signal for frequency shifting measurement. For on<board microphone installed in the
direct vicinity of the emitting surface of the external sound generating system, it is recommended

— to positjon the microphones on the axis (if it exists) of the acoustic emission of the system;

— atadistfance of 8 cm from the emitting surface: not\too far to be influenced by other sound soyrces,
and not|too close to have no any distorted signakl;

— to use 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 rotating. This is due to the contamihating signal from the tyre/roll interface.

7.2.5.1.3 S$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 simufating vehicle,operation. All microphone locations shall be as for the full vehicle test
conditions ds specified itVEigure 1. The front reference plane of the vehicle shall be on the PP’ line.

A frequencyj f;, shalkbe'identified that is intended to change as a function of vehicle speed, which cqn be
measured and can,be tracked for operating conditions specified in this International Standard.

NOTE1  Typical signal analysis tools provide frequency vs. speed of the tonal component(s) that corre§pond
with vehicle speed.

NOTE 2  No specific frequency identification process has been specified as there is no known identification
specification that can clearly identify frequencies which shift with vehicle operating conditions, primarily vehicle
speed, when the frequency content of the desired signal and any background noise is unknown. See Annex B for
further information.

NOTE 3 Itis understood when using an indoor test facility that the vehicle will remain in position relative to
the microphones. This is for the purpose to provide an acoustically stationary signal for subsequent analysis and
reporting of results. The use of the simulated operation further removes potentially interfering noise due to the
tyre/road interaction.
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5.1.4 Component test procedure

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

NOTE

with vehicle speed.

7.2.

5.2 Measurement procedure

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

The frequency characteristics of the sound shall be measured together with an input signal to the

t 1 < 43 4+ 3 faotlo £ | | |
eX e IIdl SUUIIU sCllUl dlivull DyDLClll CUIl CDPUllullls LU LITU TUICTICTIICT VUITIUIT DPCCU-

The

The
The

s$ound 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 res
least 1 Hz using at least 66,6 % overlap averages from the 5 s time signal.

frequencies, fj speed, of the external sound generation system signalshall be measured a

rorresponding vehicle speeds, fj speed and fjref, shall be measgired and recorded.

Calcuylate del_f, the frequency shift of the external soundwgeneration system signal 3

Formula (1):

wherte

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

Jlispeed is the frequency at a given speed value;
fliret  is the frequency at the referenhce speed value;
Ytest 1s the vehicle velocity;actual or simulated, corresponding to the frequency fispe

wref  is the vehicle velocity, actual or simulated, corresponding to the frequency f; ref.

Fornjula (1) is only valid when the actual vehicle speed, viest, is higher than the refer
speef, Vref.

Resullts shall beiréported using Table 3.

Table 3 — Vehicle speed for measurement to determine frequency shift

plution of at

nd recorded.

ccording to

ey

bd;

bnce vehicle

Test results at target speeds
5km/h
(Reference) 10 km/h 15 km/h 20 km/h
Reported speed km/h
Frequency, fispeed, left side Hz
Frequency, fjspeed, right side Hz
Frequency shift, left side % n.a.
Frequency shift, right side % n.a.
The reference speed should be 5 km/h unless other speeds are desired.
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7.3 Measurement uncertainty

The measurement procedure described in 71 and 72 is affected by several parameters (e.g.
environmental conditions, measurement system uncertainty, test speed variation, actual centring
of a driven vehicle in the test lane, etc.) that lead to variation in the resulting level observed for the
same subject. The source and nature of these perturbations are not completely known and sometimes
affect the end result in a non-predictable way. The uncertainty of results obtained from measurements
according to this International Standard can be evaluated by the procedure given in ISO/IEC Guide 98-
3, or by inter-laboratory comparisons in accordance with ISO 5725 (all parts). 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 associated with this International Standard. The uncertainties given below
are based on existing statistical data, analysis of tolerances stated in this International Standard, and
engineering/judgement. The uncertainties so determined are grouped as follows:

a) variatigns expected within the same test laboratory and slight variations in ambient‘Condifions
found within a single test series (run-to-run);

b) variatigns expected within the same test laboratory but with variation in ambient condition$ and
equipment properties that can normally be expected during the year (day-té-day);

c) variatigns between test laboratories where, apart from ambient conditiohs, equipment, staff and
road sufface conditions are also different (site-to-site).

If reported, [the expanded uncertainty together with the corresponding coverage factor for the stated
coverage piobability of 80 % as defined in ISO/IEC Guide 98-3:shall be given. Information onp the
determinatipn of the expanded uncertainty is given in Annex D.

NOTE1 AmnexD gives a framework for analysis in accordance'with ISO/IEC Guide 98-3, which can be uged to
conduct futufe research on measurement uncertainty for this {fiternational Standard.

These data pre given in Table 4 for three different.measurement types. The variability is given [for a
coverage prbability of 80 %. The data express the variability of results for a certain measurement
object and do not cover product variation.

Table 4 — Variability of measurement results for a coverage probability of 80 %

Measurement type Run-to-run Day-to-day Site-to-site
A-weighted gound pressure level, indB (indoor/outdoor) 0,3/0,5 0,5/0,9 1,4
A-weighted ¢ne-third-octave sound pressure level, in dB 1,5 2,5 3,5
Frequency shift, in del_f 1,0 % 1,0 % 10,0 %

NOTE 2 The measuremrent uncertainties listed here are the results after averaging the four indiyidual
measuremenf runs ofthis International Standard. The individual measurement runs will have variation in excess
of these valug¢s.

NOTE 3 Théwuncertainties for indoor measurement are taken from ISO 362-3

NOTE4  The uncertainties for site-to-site measurements are strongly dependent on the vehicle speeds actually
used. The uncertainties for outdoor measurements in Table 4 are based on ISO 362-1.

Until more specific knowledge is available, the data for site-to-site variability can be used in test reports
to state the expanded measurement uncertainty for a coverage probability of 80 %.
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Test report

The test report includes the following information:

a)
b)

g)
h)

j)

k)

areference to this International Standard, i.e. ISO 16254;

the details of the test site, site orientation, and weather conditions including wind speed, air
temperature, wind direction, barometric pressure, and humidity; or if an indoor facility is used,

description of the facility, including dimensions and cut-off frequency of facility;

the type of measuring equipment, including the windscreen;

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

the identification of the vehicle, its engine, its transmission system, including@available t
fatios, size and type of tyres, tyre pressure, tyre production type, power;test mass, vq
and location of the front reference plane and rear reference plane;

the technology content of the vehicle’s propulsion system ‘(¢.g. internal combus
gtop/start, battery electric, hybrid, plug-in hybrid, extended=range electric, fuel cell);

dny special test or vehicle conditions, including operating modes of the vehicle or settin
f the technology content listed in h);

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

11 valid A-weighted sound pressure levelvalues measured for each test, listed accordin
f the vehicle and the direction of the yeliicle movement on the test site;

the flnal resultS, Lcrs'lo, Lst'rev and Lst‘fwd,

4ll valid individual narrowband frequencies measured and all one-third-octave frequg
measurements for each test;

the expanded measugement uncertainty for a coverage probability of 80 % for each of t}
quantities.

the auxiliary equipment of the vehicle, where appropriate, and its-gperating conditions;

ransmission

hicle length

fion engine,

os reflective

brnal sound

g to the side

ncy spectra

1e measured
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Annex A
(informative)

Information on development of ISO 16254

The development of this International Standard 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 vehiicles.
Additional analyses or specification are necessary to provide correlation between the.objective
measures df vehicle noise emission specified in this International Standard and the)subjective
evaluation ¢f human subjects to detectability, annoyance, perception, or any other psychoacqustic
analysis of gound. Such psychoacoustic parameters are by their very nature subjective parameterg that
can only belaccurately presented as percentages of a given population that will repert a response to a
certain sound in the presence of a specified background noise.
This test prpcedure was based on the existing vehicle noise emission test proeedures of ISO 362-1 and
SAE J2805. These existing noise test procedures for maximum noise emission, which form the techfnical
basis for global vehicle exterior maximum noise regulation, have been developed over the past 50 years
to provide |objective, reproducible, repeatable, and a technically)cerrect manner for condufting
exterior veljicle noise emission measurements. Issues relating texthie acoustic characteristics gf the
measurement site, the road surface used for measurement, the ifistrumentation used for measureinent,
the environmental conditions necessary for accurate measurement, and an understanding of the
sources of, and bounds on, measurement uncertainty; thesehave all been considered, developed, and
refined in IS0 362-1 and SAE ]J2805.

To ensure the fitness for purpose of this International Standard, the following adaptations have |been

made to the[ISO 362-1 and SAE J2805 specifications:

a) The midrophone location has been moved from 7,5 m to 2,0 m. This change is to improve the sjgnal
to noisegratio of the measurement.

b) The specifications on the background (ambient) sound have been extended to provide condifions
suitablg for the typical sound préssure levels at the vehicle operating conditions specified iy this
International Standard. ConSistent with the use of this International Standard, it is the maximum
backgrqund sound level that'is reported and used for determining the suitability of the test s]te or
in any cprrection of measured vehicle noise emission levels.

c) The vehficle operating conditions have been modified to conditions representative of both minimum
vehicle pound pressure level and conditions where vehicle noise emission is highly likely to capise a
safety concern:xThe conditions so specified cover a wide range of real world conditions of corcern
and ar¢ judged to provide a practical set of conditions suitable for carrying out testing wjith a
reasongble‘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.

e) The selection of the minimum, as opposed to the maximum, average of the left and right average
result for reporting a vehicle test condition result is consistent with the purposes of this
International Standard.

f) 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 International
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h)

j)
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Standard. This applies when testing multiple operating modes according to the details given in

71.2.4.

When using this International Standard for the purposes of determining the noise emission of a

specific external sound pressure generating system, the measurement requirement

is specified

to use the maximum recorded sound pressure level to provide accurate measurement of both

continuous and intermittent sources.

The vehicle level test procedure was extended to provide support to determine th

e change in

frequency of a vehicle’s emitted sound as a function of vehicle speed or other operating parameters.

This is termed the frequency shifting of the sound.

his International Standard was extended to be able to measure an ESG system at-

vel. Measurements of an external sound generation system at a component, lev
dditional accuracy of measurement and control of the background noise level thatare
vailable when conducting an outdoor or full vehicle measurement. Componeht testiy
he frequency content of an ESG system at a sufficient precision to allow [for the fre
information to be determined.

For the purposes of use in a regulation, it may be necessary to detérniine that additior]
roduction process or replacement units are sufficiently similar to an original unit. Thi
%ay be accomplished by using the frequency shift measurement procedures and §
ecessary tolerances to the frequency (Hz) information™and the level (dB) inforn
¢valuation may also be accomplished by verifying the/réspective sound source h
goftware.

component
el allow for
ypically not
|g measures
quency shift

al units of a
s evaluation
pplying the
hation. This
as identical
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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 emjitted
by road vehjicles and the velocity of the road vehicle. In broad terms, the acoustic charactetistics of
the propulsive motor generate higher frequencies at higher vehicle speeds, and humans haye’ corpe to
associate these characteristics to provide information on how fast a vehicle is travelling,\er if a vehicle
is acceleratipg.

As the meagurement of the frequencies and/or the change of frequencies relative to vehicle spe¢d or
other vehicle operating conditions may be useful to characterize necessarypedestrian informgtion,
measuremeht procedures have been provided to accomplish this purpose.

The following assumptions have been taken when developing this test ptocedure.

a) The petsons conducting the test are familiar with the latest a€oustic measurement procedures,
equipment and standards.

b) The perfsons conducting the test are trained on the test eqitipment to be used during the test.

c) There i§ at least one frequency component that may-be tracked as a function of vehicle spe¢d or
other vehicle operating condition.

d) The nedessary hardware and software is available to simulate vehicle operating conditions where
an external sound generation system can.bé accurately tested as a component.

e) The persons conducting the test know'what frequencies should be produced by the external spund
generatjon system or vehicle undersmeasurement.

f) The sound is a stationary signalwithin all time periods used for measurement.

The procedyire is specified as-@manual process but may be automated if the measuring equipment
provides sufh capability. The€process operates using the same frequency tracking principles as jused
for rotating machinery order tracking measurements. Figure B.1 provides an example of sych a
measuremeht process Where multiple frequencies are present, and a single frequency has been chosen
to provide the tracking information.
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X yehicle speed (km/h)

Y firequency (Hz)

Figure B.1 — Example of measurement of frequency vs. vehicle speed information
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(informative)

Relevance of objective acoustic data to pedestrian safety

This International Standard provides measurement procedures for the following:

a) A-weighited sound pressure level (SPLjat the full venicle;

b) one-third-octave frequency information at the full vehicle level;

c¢) narrowpand (1 Hz resolution) frequency information at the full vehicle level;

d) narrowpand (1 Hz resolution) frequency information at the component level;

e) thefrequency shift of either a full vehicle or a component vs. vehicle speed or.other vehicle operating
parametger.

In regulator]
terms used {
in the case (
vehicles ma

y discussions, the concepts of presence (detection), direction, location, and operatio
o attempt to specify the needed information transmittedfrom the vehicle to the pedest
f this International Standard, transmitted by acousticimeans. It is recognized that all
ke some acoustic signal; the only relevant question.for regulatory authorities is wh

n are
rian,
road
bther

the signal ig
information
any assump
allow them

The primar
to measure
vehicle sour
case is ther
is present;

regulatory |

of sufficient magnitude and of a character to allowpedestrians to have necessary aco
to enable the pedestrian to travel safely in the presence of road vehicles. In no cas
Lion been made that pedestrians need acoustitiinformation in all cases, and in all plac
o distinguish individual road vehicles.

ustic
b has
bs, to

y and reasonable assumption behind“the development of this International Standalrd is

the sound emission of vehicles in.atange of sound emission that will correspond to
d emissions that can be reasonably expected to be heard in a residential situation.
b any expectation that vehicles could be, or should be, heard when loud or unusual
for example, constructionssites, in the presence of vehicles exceeding maximum
imits, or in situation where/the natural sound level would exceed the level where a p4g

road
n no
hoise
noise
rson

with normal hearing would reasonably expect to hear a road vehicle.

ction
cient
plied
ignal
hicle
ence,
y. As

3 . The
f1rst is the A- welghted sound pressure level the second is the frequency content of the sound emission
of the vehicle, and the third is the shifting of the frequency(ies) of the vehicle with respect to the vehicle
velocity.

The term “gresence” is closely. related to the acoustic term “detection”, but is not identical. Dete

has a specific meaning and\definition in signal processing (acoustic or electromagnetic) of suffi
y in excess{@f*natural or background signal energy. Detection is also (usually) ap,
assumed, stationary character. Therefore, detection is specifically related to the s

signal energ

The A-weighted sound pressure level [SPL, with sound pressure in units of Pascal (Pa), and expressed
in this International Standard 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. Finally, 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
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characteristic of frequency shifting provides the means by which a wide number of undesirable sounds
may be excluded from use.

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.

: aa

Fally detect the spatial change of th

rehiele—relative e—pe aty; 2 g processes
e sound source relative to their current location. From this
mation, including both changes in amplitude (volume) and changes in relative angleydetprminations
e made on the direction and movement of a vehicle. In addition, this process works sirilarly if the
strian moves relative to the vehicle, with the additional source of information that 4 human can
ge the orientation of their head relative to the sound, exploiting the binaural hearing ¢apability to
jde additional information on the direction of a vehicle.

infon
can k
pede]
chan|
prov

The {
rang
as uf
reinf
vehigq

The 1
being
slow
by th
SPL.
can fi

All o
butn
SPL,
infon
crite

appr

© ISO

erm “location” is similar to direction, but in this usage incorporated the additional in
b in addition to spatial orientation. The development of locationinformation uses the s
ed for direction information, with the additional integratiofy of the frequency shiftin

le is moving closer or further away, and by how much.

erm “operation” is used in this context to mean the'pedestrian understanding how t

ng down gradually; or is the driver accelerating the vehicle? This information is provid

herefore make judgments on the actionand intent of the driver.

mation to pedestrians toallow them to safely interact with vehicle traffic. Finally, t

ria provide a limiting set of specification that may be used by regulatory authoriti
bpriate sounds to be Uised and produced.

e frequency shifting of the vehicle sound,.angmented by additional information fron
From both of these sources of information; a pedestrian can determine the vehicle o

"the objective criteria specified inthis International Standard operate independently g
ot sufficient criteria to provide adéquate information to pedestrians. In combination, the criteria of
frequency content, and frequency shifting, provide a set of measures which provide tH

formation of
hme process
g to provide

orcing information to the change in sound pressure levelf allowing improved determjinations if a

he vehicle is

p operated by the driver: is the driver moving atd-steady speed; is the driver brakinjg quickly or

bd primarily
1 the vehicle
eration and

S necessary,

e necessary
he objective
bs to enable
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Annex D
(informative)

Measurement uncertainty — Framework for analysis according to

D.1 Gendral

ISO/IEC Guide 98-3 (GUM)

The measurpment procedure is affected by several factors causing disturbance that lead to'variatipn in
the resulting level observed for the same subject. The source and nature of these perturbations arje not
completely known and sometimes affect the end result in a non-predictable way. Thé accepted format
for expressjon of uncertainties generally associated with methods of measurement is that given in
ISO/IEC Guifde 98-3. This format incorporates an uncertainty budget, in which all the various sofirces
of uncertainty are identified and quantified and from which the combined standard uncertainty can be

obtained. Ujlcertainties are due to the following factors:

variati
devices

ns in measurement devices, such as sound level meters, ealibrators and speed-measfiring

variatigns in local environmental conditions that affectisound propagation at the time of
measurpment of Lst fwd, Lst,rev,and Lx band;

variati]ns in vehicle speed and in vehicle position during the pass-by run;
variatiogns in local environmental conditions that affect the characteristics of the source;

effect df environmental conditions (air pressure, air density, humidity, air temperature)| that
influeng¢e the mechanical characteristics-of'the source, mainly engine performance;

effect of environmental conditions_that influence the sound production of the propulsion syjstem
(air prepsure, air density, humidity;air temperature) and the rolling sound (tyre and road sufface
temperature, humid surfaces);

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

The uncertpinty determined according to 7.3 represents the uncertainty associated with| this
Internationgl Standard. It does not cover the uncertainty associated with the variation in the produgction
processes of the manufacturer. The variations in the sound pressure level or frequency of identical pinits

of a productiion precess are outside the scope of this International Standard.

The uncertdintyeffects may be grouped in the three areas composed of the following sources (see|7.3):

a)

b)

c)

uncertainty due to changes in vehicle operation within consecutive runs, small changes in weather
conditions, small changes in background noise levels, and measurement system uncertainty; these
are referred to as run-to-run variations;

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;

uncertainty due to different test site locations, measurement systems, road surface characteristics
and vehicle operation; these are referred to as site-to-site variations.

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).

28

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=97386304ce9fae8e7ada7c80e8070983

ISO 16254:2016(E)

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, Ly, is given

by Formula (D.1):

L

x = Lymeas + 01 + 62 + 03 + 84 + 65 + 06 + 07

where

(D.1)

I

NOTH
the s
could

NOTH
consi

purp

NOTH
and i
or hig

D.3

radl A P, R | | 1 1L 1 ded i s o s laa
x,meas IS UIT ATWTISIIITU SUUITU PITSSUITICTVETNITUHT AITY TTITVAIIT LTST SPTULITITU TIT IS

International Standard;

b1 is an input quantity to allow for any uncertainty in the measurement system;

Y is an input quantity to allow for any uncertainty in the environmghtal conditio
affect sound propagation from the source at the time of measurerment;

b3 is an input quantity to allow for any uncertainty in the vehiel¢'speed and posit

b4 is an input quantity to allow for any uncertainty in the local environmental cof
affect characteristics of the source;

b5 is an input quantity to allow for any uncertaintjxin the effect of environmental
on the mechanical characteristics of the powerunit;

b6 is an input quantity to allow for any uncertainty in the effect of environmental
on the sound production of the propuilsion system and the tyre/road noise;

b7 is an input quantity to allow for any uncertainty in the effect of test site proper
primarily related to road surface characteristics and surface absorption chara

1  The inputs included in Formuta{D.1) to allow for errors are those considered applicablé

ate of knowledge at the time whenthis International Standard was being prepared, but fur
reveal that there are others.

2 The estimated valués of the delta functions can be principally positive or negative alth
dered to be zero for thieygiven measurement (see Table D.1). Their uncertainties are not ad
bse of determining a@measurement result.

3 The estimfated value of §7 is a nonlinear function of vehicle speed. It is effectively zero

\creases nonlinearly with potential significance on the measurement result at any vehicle speg
ther.

Expression for the calculation of one-third-octave-band sound press

ns that

on;

1ditions that

conditions

conditions

ties,
rteristics.

according to
her research

ugh they are
Hitive for the

at zero km/h
d of 20 km/h

ure

leve

ls-of vehicle lowspeedoperation ——————— |

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

Lyband = Lx,band,meas + 08 + 89 + 010 + 811 + 612 + 613 + 014
where
© ISO 2016 - All rights reserved
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Ly band,meas 1S the A-weighted one-third-octave-band sound pressure level from any test specified

g
69

610
011

612

613

014

NOTE 1
the state of K
could reveal

NOTE 2
considered t
purpose of dd

NOTE 3
and increase
or greater.

D.4 Expr
operation

The general
is given by H

del f={

where

Tlhe inputs included in Formula (D.2) to allow for errors are those considered applicable accord

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

The estimated value of d14 is a nonlinearfunction of vehicle speed. It is effectively zero at zero

in this International Standard at a band specified in [EC 61260-1;

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

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;

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

tndat aItect characteristics or tne source;

is an input quantity to allow for any uncertainty in the effect of environmengal
conditions on the mechanical characteristics of the power unit and any external s
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, afiy)external sound
eration system, and the tyre/road noise;

is an input quantity to allow for any uncertainty in the effectof test site properties,
primarily related to road surface characteristics and stirface absorption characteri

nowledge at the time when this International Standard‘was being prepared, but further res
hat there are others.

be zero for the given measurement (see Tableé“D.2). Their uncertainties are not additive fd
termining a measurement result.

nonlinearly with potential significance on the measurement result at any vehicle speed of 20

ession for the calculation of frequency shift of vehicle low speed

expression for the calculation of the frequency shift a low speed operation condition,

ormula (D.3):
(fispeed<fitef)/(Vtest - Vref)l/firef} - 100+ 615 + 816 + 617 + 618 + 619 + 620 + 621

bund

gen-

stics.
ng to

barch

y are
r the

km/h
km/h

el f,

(D.3)

fi,ref

fi,speed

Vtest

Vref

615

30

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

frequency;

is the frequency identified at any vehicle speed higher than the reference speed which
the shifted reference frequency due to the increase in vehicle speed;

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

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

is
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016 is an input quantity to allow for any uncertainty in the signal processing functions used
for identification of a frequency;

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

618 is an input quantity to allow for any uncertainty in the input of measured vehicle speed to
any external sound generation system;

619 is an input quantity to allow for any uncertainty in the identification of reference or
shifted frequencies by the responsible test engineer;

NOTHE 1

NOTE 2

purpgse of determining a measurement result.

D.5

Table D.1 — Uncertainty budget for determination of A-weighted sound pressure leve

low speed operation

20 ISanm MMput quantity to alfow forany Uncertainty in the effect of environmentat
on the sound production of the propulsion system, any external sound generat
and the tyre/road noise;

d21 is an input quantity to allow for any uncertainty in the effect of testsite proper
The inputs included in Formula (D.3) to allow for errors are those considered applicable
the state of knowledge at the time when this International Standard was being prepared, but fur

could reveal that there are others.

The estimated values of the delta functions can be principally (positive or negative alth
considered to be zero for the given measurement (see Table D.3). Their uncertainties are not ad

Uncertainty budget for determination of A-weighted sound pressurg

conditions
on system,

ties.

according to
her research

ugh they are
Hitive for the

2 level

2] of vehicle

Quantity Estimate Standard Probability Sensitivity Uncertainty
in dB ungertainty, distribution coefficient, contribution,
Uj Cj UiCj
indB indB
Lx,meas Ly — — 1 —
61 0 — — 1 —
62 0 — — 1 —
03 0 — — 1 —
04 0 — — 1 —
05 0 — — 1 —
b6 0 — — 1 —
o7 0 — — 1 —
From—theindividual uncertainty contributions,uc;—the combined standard uncertaintly, u, can be

T OO T oo ta I rta oo rre e tarre )y

calculated according to the rules of ISO/IEC Guide 98-3, taking into account potential correlations

between various input quantities.

NOTE

The uncertainty evaluation described represents a framework that provides useful information

to users of this International Standard. This information represents the state of technical information at the
time when this International Standard was being prepared. Further work is necessary to provide uncertainty
information on all terms in Formula (D.1) and all interactions between such terms.
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D.6 Uncertainty budget for determination of one-third-octave-band sound

pressure levels

Table D.2 — Uncertainty budget for determination of one-third-octave-band sound pressure

levels of vehicle low speed operation

Quantity

Estimate
in dB

Standard
uncertainty,
uj
in dB

Probability
distribution

Sensitivity
coefficient,
Ci

Uncertainty
contribution,
ujcj
indB

d

=y

Lx,band,m s

1
X oana

08

&9

610

611

612

613

614

oS|o|Oo|Oo|O|O

e = S N T

From the individual uncertainty contributions, ujc;, the

combined stdndard uncertainty, u, can be

calculated g4ccording to the rules of ISO/IEC Guide 98-3, taking info“account potential correlafions
between various input quantities.

NOTE

The uncertainty evaluation described represents a framiéwork that provides useful information to

users of this [nternational Standard. This information representsithe state of technical information at this|time.
Further work is necessary to provide uncertainty information.on all terms in Formula (D.2) and all interadtions

between suclp terms.

D.7 Uncertainty budget for determination of frequency shift

Table D{3 — Uncertainty budget for determination of frequency shift of vehicle low speed
operation

Quantity Estimate Standard Probability Sensitivity Uncertainty

indB uncertainty, distribution coefficient, contributipn,
Uj Cj UiCj

indB in dB

del_fmeas del_f — — 1 —
615 0 — — 1 —
016 0 — — 1 —
617 0 — — 1 —
618 6 — — T —
619 0 — — 1 —
620 0 — — 1 —
021 0 — — 1 —

From the individual uncertainty contributions, ujc;, 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

The uncertainty evaluation described represents a framework that provides useful information to

users of this International Standard. This information represents the state of technical information at this time.
Further work is necessary to provide uncertainty information on all terms in Formula (D.3) and all interactions

between such terms.
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