Terms and definitions ( To be include on paragraph 2.
For the purposes of this document, the following terms and definitions apply.

reference point

point depending on the test purpose

reference point for gear selector indicating forward motion

front end of the vehicle

reference point for gear selector indicating rearward motion

rear end of the vehicle

external sound generation system

system that provides an acoustic signal to the external environment of the vehicle for the purpose to provide information to pedestrians
highest audible frequency

highest audible frequency of an external sound generation system as defined by the manufacturer
component

external sound generation system intended to emit sound information which can be tested separate from the vehicle
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 part of ISO 362 it refers to the definition contained in ISO 1176.

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:

a) the mass 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



full vehicle operation

operation of a vehicle with all systems and components operating as per the manufacturer’s specification for normal road use.  

simulated vehicle operation

operation of a vehicle with some systems or components disabled to reduce noise interference during testing.  Simulated vehicle operation may include external signals applied to the vehicle to simulate actual in-use signals.

lowest frequency of interest

frequency below which there is no signal content relevant to the measurement of sound emission for the vehicle under test.
Symbols and abbreviated terms

Table 1 — Symbols and abbreviated terms and the paragraph in which they are first used

	Symbol
	Unit
	Subclause
	Explanation

	AA’
	-
	Annex 3 §4.1.5.1
	Line perpendicular to vehicle travel which indicates beginning of zone to record sound pressure level during test

	BB’
	-
	Annex 3 §4.1.5.1
	Line perpendicular to vehicle travel which indicates end of zone to record sound pressure level during test

	1 7
	dB
	D.2
	Input quantities to allow for any uncertainty in A-weighted sound pressure level

	814
	dB
	D.3
	Input quantities to allow for any uncertainty in one third octave band A-weighted sound pressure level

	1521
	Hz
	D.4
	Input quantities to allow for any uncertainty in frequency measurement used for the determination of frequency shift

	CC’
	-
	Annex 3 §4.1.1
	Centreline of vehicle travel

	faudible
	Hz
	Annex 3 §4.1.6.4
	Highest audible frequency of external sound generation system

	fi, speed
	Hz
	Annex 3 §4.2.7.1
	Single frequency component of external sound generation system at a given vehicle speed

	fi, ref
	Hz
	Annex 3 §4.2.7.1
	Single frequency component of external sound generation system at reference vehicle speed

	del_f
	%
	Annex 3 §4.2.4.3
	Frequency shift expressed in percent of a reference frequency.

	∆f
	Hz
	Annex 3 §4.2.3
	Frequency resolution of narrowband analysis used to measure frequency spectrums for the purpose of determining frequency shift information.

	fs
	Hz
	Annex 3 §4.1.6.4
	Sampling frequency used by digital signal processing system

	j
	-
	Annex 3 §3.3.2
	Index for single test run within stopped or slow speed cruise test conditions

	Lst, fwd
	dB
	Annex 3 §3.1.8
	 Vehicle A-weighted sound pressure level in stationary forward condition.


	Lsta, rev
	dB
	Annex 3 §3.1.8
	Vehicle A-weighted sound pressure level in stationary reverse condition.



	Lstop
	dB
	Annex 3 §4.1.8
	Vehicle  A-weighted sound pressure level in standstill condition


	L crs
	dB
	Annex 3 §4.1.10
	Cruise vehicle A-weighted sound pressure level



	L crs, 10
	dB
	Annex 3 §4.1.10
	Cruise vehicle A-weighted sound pressure level at a vehicle speed of 10 km/h.



	L crs, 20
	dB
	Annex 3 §4.1.10
	Cruise vehicle A-weighted sound pressure level at a vehicle speed of 20 km/h.



	L crs, 30
	dB
	Annex 3 §4.1.10
	Cruise vehicle A-weighted sound pressure level at a vehicle speed of 30 km/h.



	Lcorr
	dB
	Annex 3 §3.3.2
	Background noise correction

	Ltest,j
	dB
	Annex 3 §3.3.2
	A-weighted sound pressure level result of jth test run

	Ltestcorr,j
	dB
	Annex 3 §3.3.2
	A-weighted sound pressure level result of jth test run corrected for background noise

	L bgn
	dB
	Annex 3 §3.3.1
	Background A-weighted sound pressure level.

	Lbgn,p-p
	dB
	Annex 3 §3.3.2
	Range of maximum to minimum value of the representative background noise A-weighted sound pressure level over a defined time period.

	
	
	
	


	∆L
	dB
	Annex 3 §3.3.2
	A-weighted sound pressure level of jth test result minus the A-weighted background noise level (∆L = Ltest,j - Lbgn)

	N
	-
	Annex 3 §3.2.3
	Block size of digital sample used for discrete Fourier transform or autopower spectrum analysis

	PP’
	-
	Annex 3 §3.1.5.2
	Line perpendicular to vehicle travel which indicates location of microphones

	v AA’
	km/h
	Annex 3 §2.2
	Vehicle velocity when vehicle reference point in forward motion passes line AA’. See 3.1.1 for definition of reference point.

	v BB’
	km/h
	Annex 3 §2.2
	Vehicle velocity when vehicle reference point or rear of vehicle in forward motion passes line BB’. See 3.1.1 for definition of reference point.

	v PP’
	km/h
	Annex 3 §2.2
	Vehicle velocity when reference point in forward motion passes line PP’. See 3.1.1 for definition of reference point.

	v ref
	km/h
	Annex 3 §4.2.4.4
	Reference vehicle velocity used for calculating frequency shift percentage.

	vtest
	km/h
	Annex 3 §4.1.5.3
	Target vehicle test velocity


Annex 3



Methods and instruments for measuring the sound made by motor vehicles 

1 Instrumentation

1.1 Instruments for acoustic measurement

1.1.1 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.  

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

The instruments shall be maintained and calibrated in accordance to the instructions of the instrument manufacturer.

1.1.2 Calibration

At the beginning and at the end of every measurement session, the entire acoustic measurement system shall be checked by means of a sound calibrator as described in paragraph 2.1.1.. Without any further adjustment, the difference between the readings shall be less than or equal to 0,5 dB. If this value is exceeded, the results of the measurements obtained after the previous satisfactory check shall be discarded.

1.1.3 Compliance with requirements

Compliance of the sound calibrator with the requirements of IEC 60942 shall be verified once a year. Compliance of the instrumentation system with the requirements of IEC 61672-1 shall be verified at least every 2 years. All compliance testing shall be conducted by a laboratory which is authorized to perform calibrations traceable to the appropriate standards.

1.2 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.

If testing uses independent measurements of speed, this instrumentation shall meet specification limits of at least±0,2 km/h.

NOTE
Independent measurements of speed are when two or more separate devices will determine the vAA’ vBB'’ and vPP' values. A continuous measuring device will determine all required speed information with one device.

1.3 Meteorological instrumentation

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

—±1 °C or less for a temperature measuring device;

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

—±5 hPa for a barometric pressure measuring device;

—±5 % for a relative humidity measuring device.

2 Acoustic environment, meteorological conditions, and background noise

2.1 Test site

2.1.1 General

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

2.1.2 Outdoor testing

The test site shall be substantially level. The test track construction and surface shall meet the requirements of ISO 10844:2014. Figure 1 gives information on test site dimensions.
Within a radius of 50 m around the centre of the track, the space shall be free of large reflecting objects such as fences, rocks, bridges or buildings. The test track and the surface of the site shall be dry and free from absorbing materials such as powdery snow, or loose debris.

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.




NOTE 3 
ISO document style rules require the standard to be referenced without a date.  This is to ensure the latest version of the standard is applied.  In the use of this standard, previous versions of ISO 10844, including versions as early as ISO 10844:1994 will provide satisfactory results for vehicle speeds of 20 km/h and less.  Specific surface requirements may be required in governmental regulations.  The applicability of the ISO 10844:1994 standard will be considered for removal at the next review period..

Dimensions in metres

figure
Key

	1
	area free of reflecting objects

	2
	microphone (height 1,2m)


The shaded area is the minimum area to be covered with a surface complying with ISO 10844.
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1 — Test site dimensions

2.1.3 Full vehicle indoor hemi anechoic testing

This sub clause 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. 

The test facility shall meet requirements of ISO 3745:2012, Annex A, or ISO 26101.
The test facility shall have a cut-off frequency, as defined in either ISO 3745 or ISO 26101, lower than the lowest frequency 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.
2.1.4 Indoor external sound generation system testing

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

The test facility shall meet the requirements of ISO 3745:2012, Annex A or ISO 26101.
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 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 7.2.4.1.1
2.2 Meteorological conditions

2.2.1 General

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

A value representative of temperature, relative humidity, and barometric pressure shall be recorded during the measurement interval.

2.2.2 Outdoor measurements
The meteorological instrumentation shall deliver data representative for the test site and shall be positioned adjacent to the test area at a height representative of the height of the measuring microphone.

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

The ambient temperature may of necessity be restricted to a narrower temperature range such that all key vehicle functionalities that can reduce vehicle noise emissions (e.g. start/stop, hybrid propulsion, battery propulsion, fuel-cell stack operation) are enabled according to manufacturer’s specifications.

The tests shall not be carried out if the wind speed, including gusts, at microphone height exceeds 5 m/s, during the noise measurement interval.

2.2.3 Indoor measurements

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

The ambient temperature may of necessity be restricted to a narrower temperature range such that all key vehicle functionalities that can reduce vehicle noise emissions (e.g. start/stop, hybrid propulsion, battery propulsion, fuel-cell stack operation) are enabled according to manufacturer’s specifications.

2.3 Background noise

2.3.1 Measurement criteria for A-weighted sound pressure level

The background, or ambient noise, shall be measured for a duration of at least 10 seconds
 before and after a series of vehicle tests. A 10 second sample taken from these measurements shall be used to calculate the reported background noise, taking account to ensure the 10 second 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 air handling, facility vehicle cooling, shall be reported as the background noise.

The recorded maximum A-weighted sound pressure level in both selected 10 second samples and from both microphones shall be reported as the background noise, Lbgn, along with the maximum to minimum range of the background noise from both microphones, Lbgn, p-p, and the one-third-octave frequency spectrum, corresponding to the reported maximum level of background noise, shall be reported. Figure 2 provides graphical information on the determination of the range of background noise.
When analysis in one-third octaves is required, the background noise shall meet the requirements of paragraph 3.3.3.  
NOTE   1
Background noise measurements account for the variations both in time and in both 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
The range of background noise, Lbgn, p-p , is specified to ensure the background noise is sufficiently stationary, in an acoustic sense, to be able to apply the background correction of Table 2 to A-weighted sound pressure levels. One-third octave measurements do not have the necessary background noise time stability to allow for compensation.
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2 — Determination of the range of background noise

2.3.2 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 the table below to obtain the background noise corrected level Ltestcorr,j. Except where noted, Ltestcorr,j = Ltest,j - Lcorr.

Table 2 — 0\IF >= 1 "A." 
Correction for level of background noise when measuring full vehicle A-weighted sound pressure level

	Correction for background noise

	Background noise level
Lbgn
in dB
	Range of maximum to minimum value of the representative background noise A-weighted sound pressure level over a defined time period  in dB       Lbgn, p-p

	Sound pressure level of jth test result minus background noise level
∆L = Ltest,j - Lbgn
in dB
	Correction in dB
Lcorr

	> 25 A-weighted sound pressure level


	
	Lbgn  > 10 
	0 

	
	< 2 


	8 ≤ Lbgn > 10 
	0,5 

	
	
	6 ≤ Lbgn > 8
	1,0 

	
	
	4.5 ≤ Lbgn > 6
	1,5 

	
	
	3 ≤ Lbgn > 4.5 
	2,5 

	
	
	Lbgn < 3 dB
	Do not correct, report out: Ltestcorr,j ≤ Lbgn

	< 25 A-weighted sound pressure level
	See 3.3.2, paragraph 4
	Lbgn < 10 dB
	Do not correct, report out:

Ltestcorr,j < Ltest,j

	
	
	Lbgn  > 10 dB
	0 dB


The trained technician should ensure that measurements are only performed when there is no transient disturbance that could potentially result in an inappropriate noise correction.

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

Background noise corrections to measurements are only valid when the range of the maximum to minimum background noise A-weighted sound pressure level are 2 dB or less.    In all cases where the range of the maximum to minimum background noise is greater than 2dB, the maximum level of the background noise shall be 10 dB or greater below the level of the measurement.  When the maximum 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.
Background compensation is not permitted for one-third octave band measurements.

These criteria are established to ensure accurate vehicle measurements while recognizing the practical issue that A-weighted sound pressure levels lower than 25 dB are not necessary to measure accurately for the purposes of this regulation. The use of indoor test facilities may be necessary to achieve the specifications in this regulation.

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.

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

When analysing one-third octaves according to this regulation, the level of background noise in each one-third octave of interest, analysed according to paragraph 3.3.1, shall be at least 6 dB 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.

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.

2.3.4 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 vehicle 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.

The maximum A-weighted sound pressure level in the combined 10-s samples shall be reported as the background noise, Lbgn along with the one-third-octave frequency spectrumcorresponding to the maximum level of background noise, shall be reported. For measurements where narrowband results are reported, the narrowband background noise shall be reported at the same frequency resolution as the measurement results.

3 Test procedures

3.1 Full vehicle testing

3.1.1 Microphone positions

The distance from the microphone positions on the microphone line PP’ to the perpendicular reference line CC’ as specified in Figure 1 on the test track or in an indoor test facility shall be 2,0 m ± 0,05 m.

The microphones shall be located 1,2 m ± 0,02 m above the ground level. The reference direction for free field conditions as specified in IEC 61672-1 shall be horizontal and directed perpendicularly towards the path of the vehicle line CC’.

3.1.2 Conditions of the vehicle

3.1.2.1 General conditions

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.

3.1.2.2 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 could reduce vehicle noise emissions. Any other type of rechargeable energy storage system shall be ready to operate during the test.

3.1.2.3 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, 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.

3.1.2.4 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 of paragraph 3.1.5 shall be selected.

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 regulation.

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.). This does not include transmission gear selection such as park, Drive, reverse or Neutral.
3.1.2.5 Vehicle non-pedestrian safety warning signals

No sound or noise source not related to pedestrian safety shall operate during the tests.


3.1.3 Test mass of vehicle

Measurements shall be made on vehicles at kerb mass or mass in running order, as defined by the manufacturer, with an allowable tolerance of 15 percent.

3.1.4 Tyre selection and condition

The tyres for test are selected by the vehicle manufacturer, and shall correspond to one of the tyre sizes and types designated for the vehicle by the vehicle manufacturer. 

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

NOTE 1
Tire noise will contribute to the sound emission of the vehicle at any speed over 0 km/h.  At vehicle speeds in excess of 20 km/h, tyre noise will have a significant contribution to measured sound pressure levels.

3.1.5 Operating conditions

3.1.5.1 General conditions

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’.

3.1.5.2 Test speeds

The vehicle shall reach the test speed, v test, when the reference point is at line 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.

3.1.5.3 Standstill conditions
3.1.5.3.1 General

The test speed vtest shall be 0 km/h with the reference point on the PP’ line.

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.
3.1.5.3.2 Forward testing
For forward testing, the front plane of the vehicle shall be on the PP” line.  
3.1.5.3.3 Backing testing

For backing testing, the rear plane of the vehicle shall be on the PP” line.
3.1.5.3.4 Manual transmission vehicle

The vehicle shall be tested in the appropriate stopped mode as defined in paragraph 4.1.2.4. The gear selector shall be in a gear and the vehicle shall remain at 0 km/h for the duration of the test. The manufacturer shall determine the appropriate condition for testing.

NOTE
The common situation for stopped vehicle testing would be for a manual transmission vehicle to have the gear selector in neutral. However, for the purpose of this test, the intention is to place the vehicle in a state where it is ready to move.

3.1.5.3.5 Automatic transmission vehicle

The vehicle shall be tested in the appropriate stopped mode as defined in paragraph 3.1.2.4. The gear selector shall be in the normal driving position for testing when the front plane of the vehicle is on the PP’ line.  The gear selector shall be in the reverse driving position for testing when the rear plane of the vehicle is on the PP’ line.  The vehicle shall remain at 0 km/h for the duration of the test.   The manufacturer shall determine the appropriate condition for testing.

3.1.5.4 Slow speed cruise

3.1.5.4.1 General

If a vehicle is tested in an indoor facility, the vehicle shall be located with the front or rear reference point on the PP' line, as appropriate.   The vehicle A-weighted sound pressure level shall be measured for a duration of 5 seconds and reported.  The one-third-octave frequency spectrum corresponding to the reported maximum A-weighted sound pressure level shall be reported, 
3.1.5.4.2 Automatic transmission vehicle

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

3.1.5.4.3 Manual transmission vehicle

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

3.1.5.4.4 Forward testing at 10 km/h

The test speed vtest shall be 10 km/h ± 1 km/h between AA’ and PP’. 
3.1.5.4.5 Forward testing at 20 km/h

The test speed vtest shall be 20 km/h ± 1 km/h between AA’ and PP’. 

NOTE
It is recommended that if other vehicle speeds are specified in regulations, the performance specification given here can be modified to change the test speed, retaining all other specifications.

3.1.6 Measurement readings and reported values

3.1.6.1 General

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

At least four measurements for all test conditions shall be made on each side of the vehicle and for each mode tested.

The first four jth valid consecutive measurement results for any test condition, within 2,0 dB, allowing for the deletion of non-valid results, shall be used for the calculation of the appropriate intermediate or final result.

NOTE
Satisfying the criteria listed above requires evaluation of measured sound pressure data vs. time to select the appropriate time segments for proper analysis and reporting of measured values according to this International Standard.

3.1.6.2 Measurement of a vehicle in standstill conditions
This paragraph specifies the requirements to measure the vehicle sound emission in standstill conditions.

The vehicle sound pressure level shall be measured for duration of 5 seconds.

The maximum A-weighted sound pressure level indicated during each standstill run for each microphone position, Ltest,j, shall be noted, to the first significant digit after the decimal place (for example – XX,X). 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 minimum sound emission in the condition of test in absence of any transient disturbance.  Ltest,j shall be corrected according to paragraph 2.3.2 to obtain Ltestcorr,j.

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

3.1.6.3 Measurement of a vehicle in motion

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

3.1.6.3.1 Outdoor testing

The maximum A-weighted sound pressure level indicated during each passage of the vehicle between AA’ and PP’ (Ltest,j) shall be noted for each microphone position, to the first significant digit after the decimal place (for example – XX,X). 

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 minimum sound emission in the condition of test in absence of any transient disturbance.  Ltest,j shall be corrected according to paragraph 2.3.2  to obtain Ltestcorr,j.

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

3.1.6.3.2 Indoor testing

The vehicle sound pressure level shall be measured for duration of 5 seconds.

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 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 paragraph 2.3.2  to obtain Ltestcorr,j.

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

3.1.6.3.3 Analysis in one-third-octave bands

This paragraph specifies the requirements to analyse in one-third-octave bands in any vehicle or component configuration.
Background noise shall meet the requirements of paragraph 2.3.3.  Any one-third octave spectrum measured when the conditions of paragraph 2.3.3 are not satisfied may only be reported for information and the measurement uncertainties of Table 4 are not valid.
No background correction shall be applied to any measured one-third octave result

NOTE
The test conditions are standstill,  and cruise.

3.1.7 Data compilation

For a given test condition and mode (see paragraph 3.1.2.4) the background-corrected results, Ltestcorr,j, and the corresponding one-third-octave spectrums of each side of the vehicle for each individual test shall be averaged separately. The average for each side shall be rounded to the first decimal place. 
The A-weighted sound pressure level intermediate result is the lower value of the two averages as follows:

—
for ΔL  < 3 dB, and Lbgn p-p <  = 2 dB, Lcrs,10 , , Lst,rev and Lst,fwd shall be expressed as the lower or equal to the intermediate result;

—
for all other cases, Lcrs,10 , , Lst,rev and Lst,fwd shall be expressed as equal to the intermediate result.

The one-third octave reported spectrum shall be the arithmetic average of the four individual run one-third-octave spectra corresponding to the maximum A-weighted sound pressure level for each individual measurement run.  
If individual run results are reported as an inequality, this value shall be used in subsequent averaging and the intermediate result shall be reported as an inequality.

3.1.8 Standstill results
[The Lst, fwd and Lst, rev value for each mode according to 3.1.2.4 of this annex shall be the result from 3.1.5.3 using the definitions of 3.1.6 of this annex.

For one-third-octave bands analysis, they shall use the result of paragraph 3.1.6.3.3.
3.1.9 Slow speed cruise result

3.1.9.1 Slow speed cruise result at 10 km/h

The Lcrs, 10 value for each mode according to paragraph 3.1.2.4 shall be the result from paragraph 3.1.5.4 using the definitions of paragraph 4.1.6.
For one-third-octave bands analysis, they shall use the result of paragraph 3.1.6.3.3.

3.1.9.2 Slow speed cruise result at 20 km/h

The Lcrs, 20 value for each mode according to paragraph 3.1.2.4 shall be the result from paragraph 3.1.5.4 using the definitions of paragraph 4.1.6.
For one-third-octave bands analysis, they shall use the result of paragraph 3.1.6.3.3.
3.1.10 Reported value

The reported value Lcrs,10 , Lst,rev and Lst, fwd,shall be the minimum of the Lcrs,10 , Lst,rev and Lst, fwd, values determined according to paragraph 3.1.5.3 and 3.1.5.4 for each mode according to paragraph 3.1.2.4.

3.2 Measurement of sound to determine frequency shift

3.2.1 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.

See Annex B for further information on frequency shift
3.2.2 Instrumentation

The entire acoustic measurement system including microphone(s) and any subsequent measurement apparatus 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 content that may be analysed.  It is expected that knowledgeable and trained personnel will select appropriate sampling rates.

3.2.3 Signal processing requirements

The frequency resolution, ∆f, of the measurement shall be 1 Hz or less. The sound analysis system shall be capable of performing Discrete Fourier Transform and Auto Power Spectrum analysis at a frequency resolution and over the frequency range containing all frequencies of interest. The block size, N, used for subsequent signal processing shall enable the required ∆f, where ∆f = Fs/N.
Analyser settings shall be determined by the user to provide data according to these requirements.

3.2.4 Test facilities

The test facility shall meet the requirements of paragraph 2.1
3.2.4.1 Vehicle test facilities

The test facility shall meet the requirements of paragraph 2.1

3.2.4.2 Component test facilities

The test facility shall meet the requirements of 6.1

The sound emitting component of the external sound generation system is recommended 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.

The microphone is recommended 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.

3.2.5 Frequency shift measurement test procedure

3.2.5.1 General

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

3.2.5.1.1 Full vehicle operation

The vehicle shall be installed in an indoor test facility where the vehicle can operate in the same manner as outdoors. The test facility have the capability to simulate actual road load input to the vehicle. 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.
Outdoor variant : The vehicle shall be operated in the same outdoor test facilty and according to the same general operating condition as for the full vehicle testing (paragraph 3.1). 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, fi , 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 regulation.

NOTE 1 
Typical signal analysis tools provide frequency and time coordinates of the tonal component can be obtained by using a cursor on the autopower spectrogram to pick frequency and time coordinates that correspond 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 Appendix B for further information.

NOTE 3
It is not recommended to carry out the frequency shifting measurements in outdoor facilities with the vehicle in motion. At the present time, accurate frequency measurements from a moving object over a speed range relative to the stationary PP’ microphones will not provide reliable results. It is not recommended to carry out the frequency shifting measurements in outdoor facilities with the vehicle in motion using signal from PP’ microphones. On board microphones do not have relative motion from the sound generation system and deliver a reliable signal for frequency shifting measurement.

.

NOTE 4 
It is 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.

NOTE 5 
For on-board microphone installed in the direct vicinity of the emitting surface of the external sound generating system, it is recommended :

- to position the microphones on the axis (if it exists) of the acoustic emission of the system, 

- at a distance of 8 cm from the emitting surface : not too far to be polluted by other noises, not too closed to have no any distorted signal

- to use a decoupling attachment device between microphone and vehicle body

.

It is not recommended to perform the pitch shifting measurements in indoor facilities with the tyres rotating.  This is due to the contaminating signal from the tyre/roll interface.  
3.2.5.1.2 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 plane of the vehicle shall be on the PP’ line.

A frequency, fi , 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.
NOTE 1
Typical signal analysis tools provide frequency and time coordinates of the tonal component can be obtained by using a cursor on the autopower spectrogram to pick frequency and time coordinates that correspond 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 Appendix B for further information.

NOTE 3 
It is 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 noise.

3.2.5.1.3 Component test procedure

A frequency, fi , 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.

NOTE
Typical signal analysis tools provide frequency and time coordinates of the tonal component can be obtained by using a cursor on the auto spectrum to pick frequency and time coordinates that correspond with vehicle speed or other vehicle operating parameters of interest.

3.2.5.2 Measurement procedure

The frequency 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 seconds 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% overlapp averages from the 5 second time signal

The frequencies, fi, speed, of the external sound generation system signal shall be measured and recorded. The corresponding vehicle speeds, fi,speed  and fi,ref shall be measured and recorded.
Calculate del_f, the frequency shift of the external sound generation system signal according to equation (1):

del_f = {[(fi,speed - fi,ref)/(vtest – vref)]/fi,ref} · 100
(1)

where

fi,speed
is the frequency at a given speed value;
fi,ref
is the frequency at the reference speed value;

vtest
is the vehicle velocity, actual or simulated, corresponding to the frequency  fi,speed;

vref
is the vehicle velocity, actual or simulated, corresponding to the frequency  fi,ref;

This equation is only valid when the actual vehicle speed, vtest, is higher than the reference vehicle speed, vref.

Results shall be reported using Table 3.

Table 0\IF >= 1 "A." 
3 — Vehicle speed for measurement to determine frequency shift

	Target speed
	Actual Speed (km/h)
	Frequency, fi, speed (Hz)
	Frequency Shift

	Reference vehicle speed
	
	
	Not Applicable

	10 km/h
	
	
	

	15 km/h
	
	
	

	20 km/h
	
	
	


NOTE
The reference speed should be 5 km/h unless other speeds are desired
.
�Note deleted


�Can delete - relates to uncertainty


�Need dash between numbers: 61672-1


�This is all a note in the ISO document


�Shall the regulation have seperate provisions for verifying the pitch shift at a component level?  This is a policy question.  If no, then we can delete this section.  If yes, we need to keep.


�probably better to spell this out in the regulation.  We don't have to follow the ISO format rules.


�I can see where this can be confusing.  Perhaps a flowchart can provide assitance - at least in the ISO document.


�This is not necessary.  The acquisition system could be located elsewhere if proper telemetry was provided.  Consider for deletion.


�If we are going to choose the reference speed as 5, need to change sentence: " The reference speed shall be 5 km/h"
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