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Introduction

This part of ISO 13472 describes a test method for measuring, in situ, the sound absorption coefficient of road

surfaces as

a function of frequency under normal incidence.

This method provides a means of evaluating the sound absorption characteristics of a road surface without

damaging t
studies. It
testing. Ho

This metho
surface and

ay also be used to qualify the absorption characteristics of road surfaces used for vehicle
ever, the standard uncertainty is limited to 0,05.

in this part of ISO 13472 is based on free-field propagation of the test signal from the source tg
back to the receiver, and covers an area of approximately 3 m? and a frequenty‘tange, in

octave bandls, from 250 Hz to 4 kHz.

To complen
transmissio
an area of g

Both metho|
They are bq

The measu
bore cores

The measu
method (IS
reverberatig

nent this method, a spot method (will be part 2) is under development{ This method is basq
pproximately 0,1 m? and a frequency range, in one-third-octave bands, from 315 Hz to 2 kHz.
(s should give the same results in the frequency range from 315)Mz to 2 kHz.

th applicable also to acoustic materials other than road surfaces.

ement results of this method are comparable with the.fesults of impedance tube methods, perf

aken from the surface (e.g. ISO 10534-1 and 1SO.10534-2).

D 354), because the method described in,this part of ISO 13472 uses a directional sound field,
n room method assumes a diffuse sound field.

ic noise
and tyre

the road
bne-third-

d on the

h of the test signal from the source to the road surface and back to the.réceiver inside a tube and covers

brmed on

fement results of this method are in general.not comparable with the results of the reverberation room

while the

Vi
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Acoustics — Measurement of sound absorption properties of road
surfaces in situ —

Part 1:
Extended surface method

1 Sco

This par
surfaces

Normal i
limitation

De

of 1ISO 13472 describes a test method for measuring in situ the sound ahsorption coeffic
as a function of frequency in the range from 250 Hz to 4 kHz.

5 (see annex F). The test method is intended for the following applications:

— determination of the sound absorption properties of test tracks aceording to 1ISO 10844, with limi
othersimilar standards;

— determination of the sound absorption properties of road surfaces in actual use;

— comgparison of sound absorption design specifications,ef\road surfaces with actual performance

surfa

The com

Ce after completion of the construction work.

plex reflection factor can also be determined by this method.

2 Normative references

The follo
this part
do not a
possibilit
the lates
currently

ISO 1053
Part1: M

ISO 1053

Df 1ISO 13472. For dated references, subsequent amendments to, or revisions of, any of these

of applying the most tecént editions of the normative documents indicated below. For undated
edition of the normative document referred to applies. Members of ISO and IEC maintain
valid International’Standards.

4-1, Acoustics — Determination of sound absorption coefficient and impedance in impedan
ethod using standing wave ratio

4-2,“Acoustics — Determination of sound absorption coefficient and impedance in impedan

Part 2: Tlansfer-function method

ent of road

ncidence is assumed. However, the test method can be applied at ohlique incidence although with some

ations, and

data of the

ving normative documents caentain provisions which, through reference in this text, constitute grovisions of

publications

pply. However, parties to ‘agreements based on this part of ISO 13472 are encouraged to investigate the

references,
registers of

ce tubes —

ce tubes —

IEC 60651, Electroacoustics — Sound level meters

IEC 61260, Electroacoustics — Octave and fractional-octave-band filters

GUM:1993, Guide to the expression of uncertainty in measurement. BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML

3 Terms and definitions

For the p

urposes of this part of ISO 13472, the following terms and definitions apply.

© 1SO 2002 - Al rights reserved
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3.1
angle of incidence
angle between the normal to the surface under test and the direction of the sound wave impinging on the test surface

3.2
sound power reflection factor

Qw

fraction of the impinging sound power which is reflected from the surface material of the road (see 3.4)

3.3

sound absorption coefficient
o
ratio of the sound power entering the surface of the test object (without return) to the incident sound powert

a=11+Qw
34
sound pregsure reflection factor
p

complex ra:lio of the pressure amplitude of the reflected wave to the pressure amplitude of the incident wgve at the
surface of tipe road

NOTE This|quantity is necessary in order to understand the correction procedure’ described in annex B. The sodnd power
reflection facfor is equal to the squared modulus of the sound pressure reflection’factor: Qw (f) = |Qp (f)|.

35
geometrical spreading factor
attenuation|of the magnitude of a sound pressure wave travelling from one point to another due to the [spherical
spreading

3.6
plane of reference for the road surface
hypothetical plane tangential to the majority of thelelements of the surface under test

3.7
maximum $ampled area
surface areg, contained within the plane_of reflection, which must remain free of reflecting objects causing| parasitic
reflections (see annex A)

3.8
backgrounf noise
noise comirjg from sourcés-other than the test signal

3.9
signal-to-npise fatio
S/N
difference, indecibels _hetween the leve| of the nominal useful signal and the level of the background nolise at the

moment of detection of the useful event

3.10
impulse response
time signal at the output of a system when a Dirac function is applied to the input

NOTE The Dirac function, also called § function, is the mathematical idealization of a signal infinitely short in time which carries
a unit amount of energy.

3.11
transfer function
Fourier transform of the impulse response

2 © 1SO 2002 — All rights reserved
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4 Summary of the method

4.1 General principle

A sound source driven by a signal generator is positioned above the surface to be tested and a microphone is located
between the source and the surface. The measurement method is based on the assessment of the transfer function
between the output of the signal generator and the output of the microphone. This transfer function is composed of
two factors, one coming from the direct path (from the signal generator through the amplifier and loudspeaker to the
microphone) and a second coming from the reflected path (from the signal generator through the amplifier,
loudspeaker and surface under test to the microphone) (see Figure 1).

The over
impulse
travelling

With suit
can be s¢

Hr(f)a

factor Qv (f) from which the sound absorption coefficient can be calculated (se€ clause 3), apart from|

due to ge

Taking in
as:

a(f

where

NOTE The complex reflection factor,.‘necessary for propagation calculations or comparison of measurement]

theoretical

Qp (J" =

with A7 the time differénce between arrival of the direct and the reflected impulses.

No speci
over the

bll impulse response containing the direct and reflected sound is measured in the time domain«
rfesponse consists of the impulse response of the direct path and, after some delay-due tg
distance, the impulse response of the reflected path.

hble time domain processing (e.g. signal subtraction and temporal separation, see“4.2), thesq
bparated. After a Fourier transform, the transfer functions of the direct path Hi{f} and of the re
re obtained. The ratio of the squared modulus of these transfer functions gives’the sound pow
ometrical spreading.

to account also this factor K, due to geometrical spreading, the/sotund absorption coefficient i

2

H,
:1_QW(f):l_% HIE;;
ds_dm
ds + dn,

is the distance between the sound.source and the reference plane for the surface under test;

is the distance between the microphone and the reference plane for the surface under test.

calculations can be found as_follows:
1 H (f) ,
= —. “exp (i2n AT
) K. H(f ( )

bl requirement is placed upon the signal source as long as it enables determination of the impuls
lesignated frequency interval (see also 5.2).

This overall
the longer

responses
flected path
er reflection
a factor K,

5 computed

results with

e response

The method considers the part of the energy that is reflected in a non-specular way as being absorbed. Thus, the
sound absorption coefficient may be slightly overestimated.

© 1SO 2002 - Al rights reserved
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Migrophone amplifier

Sufface under test

Loydspeaker amplifier

Imgulse response time windows andFourier transform
Sighal generation

Analyser or computer

0 N O WN R

Figure 1 —SKetch of the essential components of the measurement set-up

4.2 Signal separation techniques

This part of ISO_13472 specifies how the sound source and the microphone shall be positioned over the surface
under test dnd’how the overall impulse response shall be measured.

The impulse response consists of a direct path component, a reflected path component coming from the surface
under test and other parasitic components [see Figure 3 a)]. The separation of those different components can be
achieved in two different ways.

a) Temporal separation: if geometry is arranged such that a sufficient time delay exists between the arrival of the
direct and reflected time signals, the relevant components can be extracted from the overall impulse response by
application of time windows. Figure 2 shows a simple time separation technique for the case where the geometry
is arranged such that the reflected component occurs after the direct one has decayed to zero.

b) Signal subtraction technique: the impulse response of the direct path is not extracted from the overall impulse
response; instead, it is removed from the overall impulse response by subtraction of an identical signal (see
Figure 3).

4 © 1SO 2002 — All rights reserved
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The subtraction technique is preferred over temporal separation because it allows a longer sampling interval
(necessary for low-frequency measurements) within a certain geometrical size of the system. Furthermore the
microphone can be placed closer to the road surface so as to improve the S/N ratio and decrease the effect of
geometrical spreading. Therefore in this part of ISO 13472 the subtraction technique is required.

The distance d,, between the microphone and the plane of reference for the surface under test can be relatively
small. For source and microphone distances from the plane of reference for the road surface, this part of ISO 13472
requires the following values: d; = 1,25 m and d,,, = 0,25 m (see Figure 1). These distances shall be kept constant
during the averaging process (£ 0,005 m).

The direct impulse response has to be exactly known in shape, amplitude and time delay. This is obtained by
performifg a

using a fixed and stable connection between the source and the microphone. If the direct impulse responsge has been
subjected to a small time shift between the free field measurement and the reflection measurement, this shall be
corrected for (see annex G).

In order fo avoid temperature differences between the free field measurement and the measurement on|the surface
under tegt, it is recommended to perform the two measurements within a short time (less than 10 min).

/N /M\

3
Key
1 Direct component
Reflected component
3 Time window (Tw,direct Y~ Tw,reflected)

Figufe 2 — Example of separation of the impulse response of the direct and the reflected path using
time windows

© 1S0 2002 - All rights reserved 5
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|

a) Overall impulse response b) Free-field direct wave

-
S

1 |

1

c) Direct wave cancellation from the overall d) Result
impulse fesponse using the free-field directwave

is the direct incident wave

is the reflected wave

is Unwanted parasitic reflections
is the free-field direct wave

S~ BT

Figure 3 — Principle of the signal subtraction technique

4.3 Test jnethod

The measufement shall take place in an essentially free field, i.e. a field free from reflections coming from objects

other than the-surface under test. However, the use of a time window cancels out reflections arriving afterfa certain
time period, and thus originating from locations further away than a certain distance (see clause 7).

In order to minimize the effects of the background noise and meteorological variations, it is recommended that at
least 50 impulse responses be acquired and averaged.

Often, very small sound absorption values are measured in the low-frequency range. Accurate values in this range
are very difficult to obtain. Small variations in the assessment of the sound pressure levels of both the direct signal
and the reflected signal can induce high inaccuracies in the sound absorption values. In order to avoid this problem,
and in order to improve the accuracy of the method, a reference measurement on a totally reflective surface shall be
performed (see annex B).

6 © 1SO 2002 — All rights reserved
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5 Test system

5.1 Components of the test system

The test equipment shall comprise an electroacoustic system, consisting of an electronic signal generator, a power
amplifier and a loudspeaker, a microphone with amplifier and a signal analyser capable of performing cross-
correlation and transformations between the time and the frequency domains.

A sketch of the essential components of the measuring system is shown in Figure 1.

The complete measuring system shall meet the requirements of at least a type 2 instrument in aecefdance with
IEC 60681. For the purposes of this part of ISO 13472, the measurement frequency range is displayed in one-third-
octave bands, from 250 Hz to 4 kHz.

5.2 Sopnd source

The loudgpeaker shall
— haveleither a single or a coaxial cone in a closed cabinet, and

— havela smooth frequency response without sharp irregularities thrgughout the measurement frequency range,
resulfing in an impulse response under free-field conditions with alength not greater than 2 ms.

5.3 Test signal

The test|signal shall consist of a repeatable short signal with a low peak-to-RMS ratio, typically below 2, and an
energy cpntent that covers the one-third-octave bandsfrom 250 Hz up to 4 kHz with an acceptable S/N ratio. Several
signals may be used, such as maximum-length seq@énces (MLS, see annex D) or short frequency sweeps.

6 Data processing

6.1 Calibration

The meapurement procedure‘described in this part of ISO 13472 is based on the power ratio of two transfer functions
extracted from the same electroacoustical chain. An absolute calibration of the measurement chain with regard to the
sound pressure level js,\therefore, unnecessary. However, a reference measurement as described in[ annex B is
required.

6.2 Sampling frequency

The subtraction principle implies knowledge of the exact wave form, especially for checking change of time delays in
the measurement chain. The sampling frequency fs shall therefore have a value greater than 40 kHz.

NOTE Although the signal is already unambiguously defined when the Nyquist criterion is met, higher sampling frequencies
facilitate a clear reproduction of the signal. Errors can be detected and corrected more easily, such as corrections needed to
account for time shifts due to temperature changes.

6.3 Recovery of the overall impulse response

The overall impulse response is obtained through a cross-correlation between the electronic source signal and the
received microphone signal (see annex D).

© 1S0 2002 - All rights reserved 7
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6.4 Temporal separation of the signals
Before measurements, it shall be ensured that no parasitic signals appear in the temporal windows (see 7.3).

The separation of the direct and the reflected signals is obtained by applying the signal subtraction technique
(see 4.2).

The low-frequency limit of the analysis is proportional to the reciprocal of the width of the narrowest temporal window
used. A 220 Hz lower limit implies a minimum length of approximately 5 ms.

The temporgtw , —iy e-oy-q suitable
trailing edgg (e.g. a cosine squared or Blackman-Harris), so as to suppress signal oscillations in the|ffequency
domain (se¢ Figure 4)

—

In every cage the shape and the lengths of the selected temporal window shall be reported in the test repof

—

¥

Figure*4 — Example of temporal window

7 Positipning of the equipment

7.1 Maximum sampled area

The size of [he maximum sampled area is defined by the distances from the sound source and the microphgne to the
surface under tést] together with the length of the time window. For normal incidence, the maximum samplgd area is
bounded by a-circle with its centre at the point of incidence and radius r given by the relationship in annex jA.

The mandatory reference surface shall at least comprise the MSA (see annex B).

7.2 Positioning of the measuring equipment

The measuring equipment shall be placed above the surface under test or above the reference surface according to
the arrangement as shown in Figure 1 and the positions given in 4.2.

The sound source shall be located at a height d at 1,25 m above the plane of reference for the road surface. The

receiver microphone shall be located at a height d,,, of 0,25 m above the plane of reference for the road surface. The
distances shall be kept constant to within 0,005 m.

8 © 1SO 2002 — All rights reserved
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The acoustic centre of the sound source and the acoustic centre of the microphone shall lie on a line normal to the
plane of reference, and the axis of the microphone shall be parallel to the plane of reference.

This location of the source and the microphone shall be such that the maximum sampled area (see 7.1 and annex A)
is totally included in the road surface under test.

7.3 Reflecting objects

Any object other than the road pavement shaII be considered a reflecting object WhICh could cause parasitic

(o fa ol baoveiare aor kad ecara) _Tha abicectachall xama o of th

reflectio
sampled

Care sha

7.4 Ba

The sign
4 kHz.

NOTE C

7.5 Sal

This test

ntl
[S—(C~ 3 lullu\.o, luul\o, SRt-Re1Se DT C TS PartCo—cTrsy~ Hese qu\.ulo SHha—fFerat—eutot+thRe

area at a distance to the microphone greater than ds.

Il be taken that the microphone stand does not influence the measurement.

ckground noise

pl-to-noise ratio S/N shall be larger than 10 dB within each one-third<octave band between

bherent detection techniques, such as the MLS cross-correlation, providé.high S/N ratios (see annex D).

ety considerations

method may involve hazardous operations when, méasurements are performed on roads wh

e maximum

P50 Hz and

ere there is

traffic. This part of ISO 13472 does not purport to address-all of the safety problems associated with its lise. It is the
responsibility of the user of this part of ISO 13472 to establish appropriate safety and health practices anfl determine
the appli¢ability of regulatory limitations prior to use(

8 Road surface and meteorological conditions

8.1 Condition of the road surface

The road| surface under test-shall be visually homogeneous and free of changes in the material propertigs.
Measurements shall not-be carried out unless the road surface is dry. If the road surface can be expected to have a
significant void content; then it should be verified that the pores are dry.

Measurements\which for study or research purposes specifically aim at determining the influence of weather or other
environnlental*conditions on sound absorption may be carried out when the road surface is not dry, buf the results
cannot be-dsed-for-elassiication-ergqualification-of-theread-surface-undertest

8.2 Wind

The wind speed at microphone height shall not exceed 5 m/s during the measurements.

8.3 Temperature

The ambient air temperature shall be between 0°C and 35 °C during the measurements. The road surface
temperature shall be between 0 °C and 50 °C during the measurements.

© 1SO 2002 - Al rights reserved
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9 Measurement procedure

The measurements shall be carried out as follows.

a)

b)
c)

d)
e)
f)
9)

h)

)

k)

m)

n)

0)

10 Meag

The accura

a)
b)
c)
d)

e)

Check the road surface and meteorological conditions to ensure compliance with the specifications in 8.1 to 8.3.

Otherwi

se, the measurements cannot be carried out.

Place the measuring equipment on site as specified in 7.2. The safety considerations given in 7.5 apply.

Compute the radius of the maximum sampled area as specified in annex A. Check that no reflecting objects are
inside the maximum sampled area. Otherwise, the measurements cannot be performed.
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e the test signal.
the total signal as received by the microphone with a sampling frequency selected according tq

rophone response data shall be repeatedly averaged until a stable impulse response function is
50 averages; see 4.3).

the free-field impulse response with the measurement set-up removed from any reflecting surfg

could in

Isolate the impulse response of the reflected path using the signal subtractiontechnique. Parasitic refleg
cancellgd by a suitable temporal window (see 6.4).

Multiply|the direct impulse resonance and the reflected impulse resonance with a temporal window and
the power spectra of the two signals extracted using time windows by means of Fourier transforr
necessary to calculate the complex reflection factor, the complex spectra should be used.

Compu
factor a

Repeat
procedu

Compu
octave

If neces

Write a

The zer|

The refe

luence the measurement and keeping the same geometrical configuration.(see 4.2).

the sound power reflection factor (see 4.1 and anpex™C), taking into account the geometrical s
5 specified in 4.1.

the whole procedure from point a) to point k)xon a highly reflective reference surface, and
re specified in annex B.

the road surface sound absorption _coefficient by linear averaging narrow band absorption in
ands (see 4.1 and annex B).

sary, repeat measurements at different points on the road surface.

measurement report (see clause 11 and also annex E).

urement uncertainty

Ly in the outcome’ of the measurement is limited due to several factors as follows.
bing out af'the direct response will not be perfect, leading to a small but significant error.

rence-surface will not be perfectly reflecting, especially when a portable construction is used.

6.2.

obtained

ce which

tions are

compute
n. If it is

preading

hpply the

bne-third-

The me

hSurement chain will not be absolutely stable, leading again to non-perfect zeroing of the direct

esponse.

Determination of the geometrical spreading factor K is implicitly based on the reference measurement situation
with a reflective surface. In the case of thick absorptive surfaces, the plane of reflection is not unambiguously

defined,

which will lead to an underestimate of the reflection factor.

Absorptive properties of the road surface can vary, leading to a non-representative measurement result.

In order to improve the accuracy in the case of highly reflective road surfaces, it is recommended to average several
measurements on the same location until a stable result is obtained.

On the basis of experiences gained with the method a standard uncertainty of 0,05 over the entire frequency range
can be expected under normal conditions. However, testing over the entire range of temperature and wind conditions
allowed in this part of ISO 13472 and cases with thick absorptive layers can result in larger variations.
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The uncertainty shall be stated in the test report. The uncertainty should be stated as the expanded uncertainty for a
coverage probability of 95 %, e.g. U = 0,1 (k = 2) in accordance with GUM.

This part of 1SO 13472 encourages the acquisition of additional environmental conditions, to improve the
understanding of the influence of these factors on the measurements. This part of ISO 13472 also encourages the
acquisition of additional data in order to improve the understanding of the possible effects of different instrumentation
on the measurements.

11 Test report

The test
refergnce to this part of ISO 13472;

a)
b)

c)
d)

e)

f)
9)

h)

The test
coefficier
presente
The valu

An exam

namse
date

desc
refled

desc

thickmess(es), material specification, porosity, etc.];

road

mete
temp

test g
sourd

equif
desc
type

shap
testr|
unce

signg

PRESNE U T I TR Y | fomrdd : ok "
CPuUrt sriair mrieiauc ure Tonowiny mnortiatiurt.

and address of testing organization;

hnd place of the test;

ting objects near the maximum sampled area (if any);

iption of the road surface under test: age, measurement conditions,,-eomposition [numbe

surface conditions with regard to dryness and temperature;

brological conditions prevailing during the test (wind speed and direction, air and rg
bratures);

rrangement, indicating on a scale drawing or a sketch with dimensions marked on it the posit
e and the microphone;

iption of the sound source used for the test (see 5.2);

bhnd characteristics of the anti-aliasing filter-and sample rate of the sampling/analysis device;
b and lengths of the temporal windows: used for the analysis;

bsults;

tainty of the test results;

ture of the person responsible for the measurements.

results shall be given in the form of a graph and a table, showing the values of the sound

t in one-third-oetave frequency bands from 250 Hz up to 4 kHz. In addition, the test results 1
 in narrow freguency bands.

bs of thessound absorption coefficient shall be rounded off to two decimal places.

ble’of a test report is supplied in annex E.

iption of the test site: drawing or pictures showing the road surface under.tést, measurement set-up,

r of layers,

ad surface

on(s) of the

ment used for measurement and analysis, including name, type, serial number and manufacturer;

absorption
nay also be
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Annex A
(normative)

Radius of the maximum sampled area

The surface area, contained within the plane of reflection which shall remain free of reflecting objects causing
parasitic reflections, is called the maximum sampled area. For normal incidence, the maximum sampled area is

bounded by-a-citcle-with-its-centre-at-the-point-of-rcidence-andtradivs—r—in-metres—given-by-the rnl:fir\neh'p'
Vet H-H He—-at+ P t & <H - t —g Y+ ah .

r— Em (ds +dn+ %) (ds + %) (2dm + ¢Ty) T
where
ds s the distance from the sound source to the reflecting plane (m);
dm s the distance from the microphone to the reflecting plane (m);
c s the speed of sound in air (m/s);
Tw s the width of the temporal window used to isolate the seund pressure wave reflected by the surface

under test (s).

EXAMPLE With the values of ds, dr, and Ty, specified in this part of9SO 13472 and ¢ = 340 m/s, the maximum sanpled area
radius is 1,34 m.

NOTE The Jradius of the surface area which contributes to the measured values of absorption is a decreasing function of
frequency, but is not necessarily equal to the radius of the maximum sampled area previously defined. A calculation of the radii of
the Fresnel zpnes in the plane of the sample will assist the:determination of the area of influences across the range of frequencies
of interest.
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Annex B
(normative)

Reference measurement and correction procedure

The reference measurement shall be performed on a highly reflecting surface with at least the same size as the
maximum sampled area. The highly reflecting reference surface shall be a plane smooth dense surface without

joints. If

nortahle siirfaca is annliad it shall hae clear that no maovemaent of tha siirfacae is nassibla whic
PO < a4 —H = af—that E t <H P

might lead

to resong

The mea
of the ref
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A samplg
ISO 1053
0,05 in tH
If the refe

Qp,re

then the

Qp,re

A secon

Qp,road,me
measure

Qp,ro

and thus

Qp,ro

Recalling
reflection

nt absorption of the surface.

sured sound pressure reflection factor Qp,,ef,meas (f) is considered to be the product of-the refl¢
prence surface, Qpref (f), and the error function, e (f):

,meas (f) = C>2p|ref (f) € (f)

of the reference surface material shall be measured in an impedance-tube according to 1ISO
4-2 to confirm that the reference surface may be considered as having.an absorption coefficien
e measured frequency range.

rence surface is assumed to be totally reflective over the whole frequency range:
(f) =1
measurement gives directly the error function:

meas (f) = e (f)

d measurement, this time performed on the road surface under test, gives the refle
as (f) which, assuming that the errar;function does not vary during the time period betws

ments, corresponds to:

hd,meas (f) = Qp,road (f) € (f) = Qp,road (f) : Qp,ref,meas (f)

Qproad (f) being the reflection factor of the road surface under test:
_ Qproageas (f)

) = Qs (1)

that the-sound power reflection factor, Qw road (f) is equal to the squared modulus of the sou
factor Qp,mad (f) the final sound absorption coefficient of the road surface becomes:

pction factor

10534-1 or
t lower than

ction factor
en the two

nd pressure

Qroad

L [N 12 pay LL
(f) —1_ |Qp,road (f)|2 —1_ Wproadmeas \J ]| 1— /W road,meas \J )

Qp,ref,meas (f) B QW,road,ref (f)
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Annex C
(informative)

Physical principle of the measurement

The source emits a sound wave that travels past the microphone position to the surface under test where it reflects.
The microphone placed between the sound source and the surface under test detects the direct sound pressure
wave travellirg-from-the-seunrd-seurce-to-the-surface-uhdertestHfolewed-by-the-sednd-pressure-wave-reflected by the

surface under test.

The overall [microphone response, hy, (t) can be described by:

he () 3 1 (8) + Kohi (t) % 1y (= A7)+ Ky jhi(t) * 15 (E— A1;) + ha (1)

J

hi (t) s the impulse response of the direct path;
o (t) Js the reflection factor of the surface under test;

hn (t) |s the background noise response;

* s the convolution sign;
J denotes the “parasitic” reflections;
K, s the geometrical spreading factor accounting for the path length difference between the djrect and

reflected paths (see Figure 1):

_ ds — dn
" de+dy
where
ds is the distance between the sound source and the reflecting plane;
dm is\the distance between the microphone and the reflecting plane.

AT s the delay time, resulting from the path length difference between the direct and reflected paths, as
detected by the microphone:

L
20m
Ar ="

c

where c is the speed of sound in air.

The overall microphone response A, (t) contains the impulse response of the reflected path coming from the
surface under test:

he (t) = K H; (t) xrp (t — AT)

The impulse response of the direct path h; (t) and impulse response of the reflected path coming from the surface
under test h, (t) can be extracted from the overall microphone response in the time domain by using a suitable
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windowing function, provided that the amplitude of h; (t) decays to an insignificant value with respect to A, (t) within
the delay time AT.

Alternatively, the impulse response of the direct path can be measured in a free field, keeping the distance of the
microphone from the sound source strictly constant; then, the road surface response can be obtained using the
subtraction technique as described in 4.2.

Fourier transform of the preceding expression for h, (t) yields the sound power reflection factor in the frequency
domain:

Qy (T =7 i

H, (J) is the transfer function of the reflected path (from the signal generator 'through the amplifier,
loudspeaker and reflection at the surface under test to the microphone);

H(f) is the transfer function of the direct path (from the signal genérator through the amplifier and
loudspeaker to the microphone).

From here, the sound absorption coefficient can be computed:

2

) , 1 |H (f)
a(f)=1-1Qy(f) T x ‘m
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D.1 The

Annex D
(informative)

Measurement using an MLS test signal

MLS test signal

To obtain a
electrically

A maximury
recursively
deterministi

L =20

The larger i
the required

D.2 Rec

The pseudd
random res
clock rate o

the analysis

N MLS signal as test signal, an electroacoustical sound source (loudspeaker) must be used,fe
jenerated maximum-length sequence (MLS), repeated continuously.

h-length sequence (MLS) is a pseudo-random sequence of binary values conveniently d
by a digital /V-stage shift register with a feedback loop. /N is called the order ofjthe MLS. N
c and periodic. The period of an MLS is:

-

-1

5 IV, the larger are the number of points of the sampled overall microphone response, and the |
memory and processing power.

pvery of the overall impulse response

-random MLS, s (nAt), is continuously fed to thexSound source; one period of the stationary
bonse picked up by the microphone is sampled.. The sampling interval At must be the recipro
f the MLS generator.

In order to fecover the overall microphone response, the sampled microphone response, as electrically re
device
At) = s (nAt) * hy (nAt) & h, (nAt)

hm,pre (

must be pe
a convolutid

D (N

where D,
microphone
generating

iodically cross-correlated with the input MLS continuously fed to the sound source. This is equ
n with the time-reversedyMLS:

At) [9(nAL) * hy (RAL) 4+ hy (RAL)] * s (—nAt) = hy, (nAt)

T L4

(nAt).derotes the circular cross-correlation between the MLS s (nAt) and the data receive
. P pre (nAt). Usually, this operation can be performed by the same electronic device
he MLS. It could also be performed by a Fourier transform analyser receiving at its input both

d with an

enerated
ILSs are

arger are

pseudo-
cal of the

ceived by

ivalent to

ed by the
used for
the MLS

fed to the sd

und source and the cnmplnrl mirrnphnnn response A _East Hadamard Transform (I:I—lT) nlgnrifh

m can be

used.

D.3 Sampling rate and MLS time length

The sampling rate affects the duration of one cycle of the MLS signal emitted by the loudspeaker. In fact, the time
length of one cycle of an MLS signal, 15, depends on the length of the binary sequence, L, and on the time gap
between two pulses, At, that is the reciprocal of the sampling rate:

T.= L

16

L
At = —
fs
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The values reported in Table D.1 usually enable good outdoor operations.

Table D.1 — Recommended values of some MLS parameters

D.4 Im

Measure
immunity|
gives in

In practid
ratio S/
generatig
If M cyc

A(s

The follo
accuracy

MLS order MLS Length | Filter cut-off freq. | Sampling rate | MLS signal length
N L Jeo s T
kHz kHz S
15 32767 10 44,1 0,74
15 32 767 10 48 0,68
15 32767 10 56 0,59
15 32767 10 75 0,44
16 65 535 10 44,1 1,49
16 65 535 10 48 1,37
16 65 535 10 56 1,47
16 65 535 10 75 0,87

provement of the signal-to-noise ratio
ments performed as stated before using an MLS signal should“have an excellent backgn
because the background noise picked up by the microphone when cross-correlated with the ML
rinciple a result of zero.

e, the background noise may have a marginal influence;\eéspecially when measuring with a sig
|l < 0. In this case, the sampled impulse respense can be further averaged by rej
n/sampling/cross-correlation cycle M times.

es of an MLS of length L are averaged, the S{Nratio is improved:

N),, = 101g[LM)]

ving formula enables determinatior’ of the number of averages M needed to reach a give
E (Ls.n — Ls) of the sampled.sound pressure level under a given S/N ratio:

1 1
- 06fi6S

is the expeeted value of its argument;

is theisound pressure level due to the recovered signal in the presence of the background ng

ise;

is the sound pressure level expected from the signal alone;

is the number of averages, i.e. the number of MLS cycles.

© 1SO 2002 - Al rights reserved
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S (see D.2)

nal-to-noise
beating the

N degree of
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Annex E
(informative)

Example of a test report

ACOUSTIC TEST AS SPECIFIED IN INTERNATIONAL STANDARD ISO 13472-1

Testing ordanization (name, address): XXXXX.
Date of theltest: 26 January 1998.
Place of the test: XXXXX.

Description of the test site:

(Uxl
m

250 m

Key
SOJII’CE
Midrophone

Mobile laboratory (van)
Measurement point
Porous asphalt track
Maximum sampled area

o U WN P

Description of the road surface under test:
Age: 8 years.

Measurement conditions: surface layer in good condition.
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Composition:  porous asphalt: 0/10 mm;
porosity: 20 %;
thickness: 0,04 m.

Road surface dryness: apparently dry; suspected slight water infiltration from adjacent areas.

Road surface temperature: 5 °C.

Meteorolegteat-econdittonsprevaH
Wind spged and direction: 4 m/s from S-E.
Ambient pir temperature: 4 °C.

Test arrgngement (with dimensions):

IIP=N

025-m
1,25 m

20

Key

1 L oudspeaker
Microphone

3 Burface under test

Equipment used:
Loudspegker XXXXX in a closed cabinet.

Loudspeaker, amplifier XXXXX.

Microphone: XXXXX with power supply.

XXXXX board equipped with XXXXX software for impulse response acquisition.
Software by XXXXX for on-site processing.

Portable computer XXXXX.

Sample rate: 75,5 kHz.

© 1S0 2002 - All rights reserved 19
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Temporal windows shape and length: Sharp leading edge; 5 ms flat portion; Blackman-Harris trailing edge.

)

¥

Results of the measurement in one-third-octave bands:

Hz 250 315 400 500 630 800 | 1000 | 1250 4~14600 | 2000 | 2500 | 3150(| 4 000

a o1 | 0,02 | 001 | 0,08 | 0,20 | 0,39 | 0,69 | 0,65¢| 0,34 | 0,23 | 0,26 | 0,55|| 0,29

Measurement uncertainty (95 % confidence interval): 0,10.

0,9

0,8

0,7

0,6

0.5

0,4

0,3

0,2

0,1

250 '
315 '
400 i

i
500 _

630

800
1000
1250
1600
2 000
2 500
3 150
4 000

Frequency, Hz

Date of the report: 26 February 1998.

Signature: XXXXX
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