INTERNATIONAL ISO
STANDARD 17497-1

First edition
2004-05-01

Acoustics — Sound-scattering properties
of surfaces —

Part 1:

Measurement of the random-incidence
scattering coefficient in a reverberation
room

Acoustique — Propriétés de dispersion du son par les surfaces —

Partie 1: Mesurage du coefficient de dispersion sous incidence
aléatoire en salle réverbérante

Reference number

—/@\— ISO 17497-1:2004(E)

—W—

©1S0 2004

Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17497-1:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office
Case postale 56 ¢ CH-1211 Geneva 20
Tel. +412274901 11
Fax +41 22749 09 47
E-mail copyright@iso.org
Web www.iso.org
Published in Switzerland

Copyright International Organization for Standardization © |SO 2004 - A” |'|ghtS reserved
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17497-1:2004(E)

Contents Page
] =T o o iv
INErOAUCHION ... v
1 8T oo o -SSP SRR 1
2 NOIrmative referenCes ... —————— 1
3 Terms and definitioNs..........cciiiiiii i —————————————————— 1
4 e T e PP 2
5 L =Y o [ U= T oV - T ' = SR 3
6 LIS 9 L= 1 Ve 1= 14 1= L 4
6.1 Reverberation roOm ... 4
6.2 Turntable and Base PIlate........oo e s e e aan 4
6.3 JLICE 3 5= T3 11 o1 5
7 JLICE 3 A o (e e = [T - 6
71 TSt SIGNQAIS ..o 6
7.2 Source and receiving eqUIPMENL ... ssnn e e s s e nme e e e e e e e s s nmne e eeannnn 7
7.3 Measurement of iMPUISE rESPONSES ........ccccerirriiiiiiiirncrrrrr e s ss s ssssss e e e rs s s s s s s s snsne e e e s sessssssnnmnsneesessanssnnns 7
7.4 Temperature and relative humidity ... e 7
7.5 Evaluation of deCay CUIVES..........eeiiiiiiie i rsssrr s sssn e e e s s s mnn e e e e s e s s mnmn e e e e sn s nnmnnns 7
8 EXPression Of re@SUIES..... . secrrr e e e e s s s e e e e s e s amnn e e e e e e s s e e e neenn s snnmnnns 8
8.1 Method of CalCUIAtioN .........ccovciiiiieiiir i ——————— 8
8.2 g =T o = oY o 9
8.3 Presentation of reSults ... —————————— 10
9 =53 (= Yo T 10
Annex A (informative) Accuracy of the measurement results ...........cccccririimninri 11
BibliOGrapRy ...t 12
Copyright Intemational Organization for Standardization ghts reserved iii

Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17497-1:2004(E)

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 electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17497-1 was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 2, Building
acoustics.

ISO 17497 consists of the following parts, under the general title Acoustics — Sound-scattering properties of
surfaces:

— Part 1: Measurement of the random-incidence scattering coefficient in a reverberation room
The following part is under preparation:

— Part 2: Measurement of the directional diffusion coefficient in a free field

© ISO 2004 — All rights reserved

Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17497-1:2004(E)

Introduction

The degree of acoustic scattering from surfaces is very important in all aspects of room acoustics (e.g. in
concert halls, sound studios, industrial halls and reverberation chambers). Insufficient scattering may cause
strong deviations from exponential sound pressure decay. On the other hand, an approximately diffuse sound
field may be obtained with highly scattering surfaces in a room. The degree of scattering in a room can be an
important factor related to the acoustic quality of the room.

The scattering coefficient is introduced as a new concept in this part of ISO 17497. Together with the
absorption coefficient, the scattering coefficient will be useful in room acoustic calculations, simulations and
prediction models. For some time it has been known that modelling of the scattering from surfaces is very
important for obtaining reliable predictions of room acoustics. This part of ISO 17497 presents a measurement
method to quantify the scattering properties of a surface to replace formerly applied but not generally
accepted estimation methods.

The work has been coordinated with the working group of the Audio Engineering Society, AES SC-04-02 for
the Characterization of Acoustical Materials. This group emphasized the development of a measurement
method for the directional diffusion coefficient, which is different from (but related to) the random incidence
scattering coefficient. While the scattering coefficient is a rough measure that describes the degree of
scattered sound, the diffusion coefficient describes the directional uniformity of the scattering; i.e. the quality of
the diffusing surface. Therefore there is a need for both concepts and they have different applications.
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Acoustics — Sound-scattering properties of surfaces —

Part 1:
Measurement of the random-incidence scattering coefficient in
a reverberation room

1 Scope

This part of ISO 17497 specifies a method of measuring the random-incidence scattering coefficient of
surfaces as caused by surface roughness. The measurements are made in a reverberation room, either in full
scale or on a physical scale model. The measurement results can be used to describe how much the sound
reflection from a surface deviates from a specular reflection. The results obtained can be used for comparison
purposes and for design calculations with respect to room acoustics and noise control.

The method is not intended for characterizing the spatial uniformity of the scattering from a surface.

2 Normative references

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

ISO 354, Acoustics — Measurement of sound absorption in a reverberation room

ISO 9613-1, Acoustics — Attenuation of sound during propagation outdoors — Part 1: Calculation of the
absorption of sound by the atmosphere

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 354 and the following apply.

31
specular reflection
reflection that obeys Snell’s law, i.e. the angle of reflection is equal to the angle of incidence

NOTE Specular reflection can be obtained approximately from a plane, rigid surface with dimensions much larger
than the wavelength of the incident sound.

3.2

diffuse sound field

sound field in which the incident sound intensity on a plane surface is equally distributed over all solid angles
covering a hemisphere

A IO ANN A A AR
Copyright International Organization for Standardization ghtS reserved 1
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17497-1:2004(E)

3.3

scattering coefficient

So

value calculated by one minus the ratio of the specularly reflected acoustic energy to the total reflected
acoustic energy

NOTE Theoretically, s, can take values between 0 and 1, where 0 means a totally specularly reflecting surface, and 1
means a totally scattering surface. The subscript 8 may be used to indicate the angle of incidence relative to the normal of
the surface. Random incidence is understood if there is no subscript.

3.4

random-incidence scattering coefficient

S

value calculated by one minus the ratio of the specularly reflected acoustic energy to the total acoustic energy
reflected from a surface in a diffuse sound field

3.5
random-incidence absorption coefficient

Us

value calculated by one minus the ratio of the total reflected acoustic energy to the incident acoustic energy,
on a surface in a diffuse sound field

3.6
random-incidence specular absorption coefficient

Ispec
value calculated by one minus the ratio of the specularly reflected acoustic energy to the incident acoustic
energy, on a surface in a diffuse sound field

NOTE This is the apparent absorption coefficient when the losses include the scattered as well as the absorbed
acoustic energy. agpec May take values in the range from o to 1.

3.7

physical scale ratio

1.N

ratio of any linear dimension in a physical scale model to the same linear dimension in full scale

NOTE The wavelength of the sound used in a scale model for acoustic measurements obeys the same physical
scale ratio. So, if the speed of sound is the same in the model as in full scale, the frequencies used for the model
measurements will be a factor of N times higher than those in full scale.

4 Principle

The general principle of the method can best be explained by looking at the effect of reflection and scattering
in the time domain. Figure 1 shows three bandpass-filtered pulses which were reflected from a corrugated
surface for different orientations of the test sample in the free field.
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p sound pressure, in pascals
t time, in milliseconds

Figure 1 — Examples of band-pass filtered impulse responses measured at three different positions
of the test sample

Obviously, the initial parts of the reflections are highly correlated. This coherent part is identical with the
specular component of the reflection. In contrast, the later parts are not in phase and depend strongly on the
specific orientation. The energy in the “tail” of the reflected pulse contains the scattered part.

The principle of the measurement method is to extract the specular energy from the reflected pulses. This is
done by synchronized (phase-locked) averaging of the impulse responses obtained for different sample
orientations.

The principle can be directly applied to measurements in the reverberation room. In addition to conventional
measurements of absorption coefficient, the (circular) sample is placed on a turntable and impulse responses
are obtained for different sample orientations. By synchronized averaging of the pressure impulse responses,
the specular components add up in phase, whereas the scattered sound interferes destructively.

Assuming statistical independence between scattered components, it can be shown (see [1]) that after
synchronized addition of » room impulse responses, the initial decay is related to the combined effects of
absorption and an apparent energy loss due to sound scattered from the sample.

5 Frequency range

The measurements should be performed in one-third-octave bands with centre frequencies covering the
frequency range from 100 Hz to 5 000 Hz. This refers to full-scale measurements. If a physical scale factor of
1:N is used, the centre frequencies should cover the frequency range from N x 100 Hz to N x 5 000 Hz.

NOTE If the scale model is filled with a gas in which the speed of sound is different from that in atmospheric air, the
measurement frequencies should be chosen in such a way that the wavelength obeys the physical scale ratio 1:N.

NOTE High frequencies may be omitted from the measurements if the attenuation in the air is too high; see 6.1.3.
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6 Test arrangement
6.1 Reverberation room

6.1.1 General

The specifications for the reverberation room are given in ISO 354. Diffusing elements shall be in fixed
positions; i.e. moving diffusers like rotating vanes shall not be used. The room and its contents should be
invariant, as far as possible. The temperature and humidity have a very significant effect; see 7.4. Any devices

such as circulation systems that cause movement or change the properties of the air in the room should not
be operated.

6.1.2 Volume of room

The volume V of the reverberation room, in cubic metres, shall be at least
V>200x N3

6.1.3 Absorption in empty room

The equivalent absorption area of the empty room, 4,4, including the air attenuation, should not exceed

A1<0,30x 7 2/3

NOTE According to the requirements for sample size in 6.3.1, this leads to the rule-of-thumb: 44/S < 1, where S'is the
area of the test sample.

6.2 Turntable and base plate

A turntable is required in order to rotate the sample. The turntable shall be provided with a circular rigid base.
The base plate shall be symmetrical with respect to the axis of rotation. The size of the base plate shall
correspond to the maximum dimension of the test sample; see 6.3.

No part of the turntable may be closer than N =1 x 1,0 m to the walls of the room; see Figure 2.

The scattering coefficient for the base plate itself shall be measured to check the quality of the arrangement;
see 8.1.4. The frequency-dependent values listed in Table 1 shall not be exceeded.
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Key

1 turntable

d diameter
e minimum distance to the walls of the room

Figure 2 — Plan of a reverberation room with a turntable for the test sample

Table 1 — Maximum scattering coefficient for the base plate alone

Frequency (f/N), Hz 100 125 160 200 250 315 400 500 630

Scattering coefficient, s,,es | 0,05 | 0,05 | 005 | 005 | 005 | 005 | 005 | 005 | 0,10

Frequency (f/N), Hz 800 1000 [ 1250 [ 1600 [ 2000 [ 2500 | 3150 | 4000 | 5000

Scattering coefficient, s, | 0,70 | 0,10 | 0,15 | 015 | 0,15 | 020 | 0,20 | 020 | 025

6.3 Test sample

6.3.1 Area of test sample

The area should be as large as possible in order to obtain good measurement accuracy. The test sample
should be circular and the minimum diameter should be N =1 x 3,0 m.

Alternatively, the test sample may be square with a minimum edge size of N -1 x 2,65 m. In this case the base
plate shall have a minimum diameter of N 1 x 3,75 m. The test sample shall be flush-mounted if it is not
circular.
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6.3.2 Structural depth of test sample

The measurement method is intended for surface roughness. Thus, the results are only reliable if the
structural depth is sufficiently small compared to the size of the test sample. The structural depth should be

h < d/n6

where d is the diameter of the turntable.

090a®a9a®a -

¢d

Key

d diameter of the test sample
h  structural depth

Figure 3 — Definition of the structural depth
NOTE Edge effects can occur due to variations in the height of the sample along the edge of the test sample. This

can lead to scattering coefficients which are too high compared to that of an infinitely extended surface with the same
structure as the test sample. The edge effect can occasionally cause measured scattering coefficients s > 1.

6.3.3 Position of test sample on turntable

The surface of the perimeter of the test sample should be as smooth and rigid as possible. Do not cover the
perimeter with a rigid border of fixed height. Openings along the perimeter of the sample shall be sealed.

If a test sample has rotational symmetry, it shall be placed on the turntable in such a way that the centre of
symmetry is displaced from the centre of the turntable by at least d/8, where d is the diameter of the turntable.

6.3.4 Absorption of test sample

The absorption coefficient of the test sample should not exceed a value of ¢, =0,50. However, if sound
absorption is part of the sound-scattering structure, this absorption shall also be present in the test sample.

NOTE The measurement method will not produce reliable results for samples with a high absorption coefficient, see
Annex A.

7 Test procedure

7.1 Test signals

The test signal shall be deterministic since the evaluation requires a coherent averaging. The integrated
impulse response method shall be applied.

It is recommended to use periodic pseudo-random noise signals such as MLS in order to obtain the impulse
response. For other requirements concerning the test signal (e.g. sine sweep, period length, spectral energy
density, filtering), refer to ISO 354.

[ .
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7.2 Source and receiving equipment
For the specification and positioning of sources and receiving devices, refer to ISO 354.

Dimensions given in ISO 354 should be scaled by the scale factor N.

7.3 Measurement of impulse responses

Impulse responses are measured without and with the test sample following 1ISO 354 and giving the
reverberation times T, and T, respectively. At least two source positions and three microphone positions shall
be used, giving a total of six measurements. The reverberation time is the arithmetic average of the individual
reverberation times determined in each position.

For each combination of source and receiver positions, a multiple of a periodic pseudo-random signal: is
continuously radiated and received while the turntable is rotating. The total measurement duration should:be
equal to the time of one revolution of the turntable. For example, using a pseudo-random periodic signal with a
period of 5 s and a revolution speed of 1 min—1, it is necessary to continuously radiate 12 signal periods.

Alternatively, it is possible for each source-receiver position to perform » measurements with the sample
rotated between each measurement by Ag = 360°/n. The number of coherent averages n should be in the
interval 60 < n < 120. A value of n = 72 is preferred, corresponding to angular steps of A¢g = 5°.

The excitation signal shall be identical from measurement to measurement. In order to obtain a time-invariant
response, a phase-locked averaging of the » measurements is required. This can be done either by averaging
the pressure impulse responses or by averaging the received signal before calculating the impulse response.

The result of the measurement with a stepwise or continuously rotating turntable, including the base plate but

without the test sample, is the reverberation time T;. The result with the rotating test sample is the
reverberation time 7.

Table 2 — Measurement conditions for the four different reverberation times

Reverberation time Test sample Turntable
T4 not present not rotating
T present not rotating
T3 not present rotating
Ty present rotating

In order to avoid measurement errors due to air movements or other unstable conditions in the room, the
measurements should not be started until 15/N min after leaving the room and closing the door. In order to
minimize the influence of drifting temperature, etc., the measurements should be made as rapidly as possible.

7.4 Temperature and relative humidity

Changes in temperature and relative humidity during the course of a measurement can have a large effect on
the measurement results, especially at high frequencies. Reducing the air attenuation improves the measuring
accuracy. The temperature and relative humidity shall be measured in the room before and after each of the
four measurement situations (see 7.3). The mean values for each measurement situation are used for
corrections as described in Clause 8.

7.5 Evaluation of decay curves

Evaluation of the impulse responses is carried out by the integrated impulse response method as specified in
ISO 354. In particular, the backward integration shall be restricted to the linear slope of the impulse response

A 1A AnAa A
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level. The decays for Ty, T, and T3 should be linear down to the background noise level, whereas the decay
for T, consists of two superposed decay curves, and only the first decay should be evaluated.

Set the integration limit at —30 dB and evaluate the reverberation time in the range between -5 dB and —20 dB
provided that the first decay is within the range.

Carry out the spatial averaging of the reverberation time according to ISO 354.

8 Expression of results

8.1 Method of calculation

8.1.1 Calculation of the random-incidence absorption coefficient ¢,

The random-incidence absorption coefficient ¢ shall be calculated using the formula

(- ) - Loy »

Csz C1T1

ag = 55,3%

where
V  is the volume of the reverberation room, in cubic metres (m3);
S is the area of the test sample, in square metres (m2);
T4 is the reverberation time obtained without sample, but with the base plate present, in seconds (s);
T2 is the reverberation time obtained for the test sample, in seconds (s);
cq | is the speed of sound in air, in metres per second (m/s), during the measurement of 7};
¢y is the speed of sound in air, in metres per second (m/s), during the measurement of 7;

m4 is the energy attenuation coefficient of air, in reciprocal metres (m=1), calculated according to
ISO 9613-1, using the temperature and relative humidity during the measurement of 7';

my is the energy attenuation coefficient of air, in reciprocal metres (m=1), during the measurement of Ts.
The reverberation times Ty and T, are measured without rotation of the turntable.

NOTE In accordance with ISO 9613-1, the speed of sound in atmospheric air can be calculated from

c=3432 23S+ 0 (2)
293,15

where ¢ is the air temperature, in degrees Celsius.

In the same standard the sound pressure attenuation coefficient « is given in dB/m. The energy attenuation coefficient m
can be calculated by

_a o« 1
"~ J0ig(e) ~ 4,343 (m”) 3)
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Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17497-1:2004(E)

8.1.2 Calculation of the random-incidence specular absorption coefficient o

The specular absorption coefficient o shall be calculated using the formula

— 2 (my —m3) 4)

S

Vi 1 1 4y
Xspec = 55’35( J

cqTy c3T3
where

T3 is the reverberation time obtained for the rotating base plate without sample, in seconds (s);

T, is the reverberation time obtained for the sample on a rotating turntable, in seconds (s);

c3 is the speed of sound in air, in metres per second (m/s), during the measurement of 75;

¢y is the speed of sound in air, in metres per second (m/s), during the measurement of 7,;

mgy is the energy attenuation coefficient of air, in reciprocal metres (m="), during the measurement of Ts;

my is the energy attenuation coefficient of air, in reciprocal metres (m~1), during the measurement of Ty.
The other symbols are as described in 8.1.1.

8.1.3 Calculation of random-incidence scattering coefficient s

The random-incidence scattering coefficient s shall be calculated using the formula

1-« a -«
s—1 spec _ “spec s (5)
1 - ag 1 - ag

8.1.4 Calculation of the scattering coefficient for the base plate s,

Under ideal conditions, the reverberation times T, and 75 should be equal. However, a slightly non-
symmetrical base plate can cause a shorter 75. It is assumed that this error also appears with a test sample
present. The scattering coefficient for the base plate itself as mentioned in 6.2 is calculated using the formula

14 1 1 4r
=553— - - — - 6
Shase S [C3T3 c1T1J S (mg —my) (6)

where the symbols are as described above.

8.2 Precision

The accuracy of the measurement result depends on the sample size, the absorption coefficient of the
sample, and the equivalent absorption area of the empty measuring room. It may be calculated as described
in Annex A.

A 1A AnAa A
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8.3 Presentation of results

For all frequencies of measurement, the following results shall be reported, presented in the form of a table
and a graph:

— the sound absorption coefficient, o;

— the scattering coefficient, s.

In the table, the results shall be rounded to 0,01. Values < 0 shall be truncated. Values > 1 can occur (e.g. due
to the edge effects, see 6.3.2) and shall be reported.

In the graphical presentation, the points of measurement should be connected by straight lines, the abscissa
giving the frequency on a logarithmic scale and the ordinate showing the results on a linear scale. Both results
may be shown in the same graph if the two curves are clearly marked. The frequency may be given as the
equivalent full-scale frequency (f/N) with a statement of the scale ratio 1:N.

The ratio of the ordinate distance from 0 to 1 to the abscissa distance of five octaves should be 2:3.

9 Testreport

The test report shall make reference to this part of ISO 17497 and shall include the following information:
a) the name of the organization that performed the test;

b) the date of test;

c) a description of the test sample, its surface area, the structural depth and the mounting on the turntable,
preferably by means of drawings;

d) the shape of the reverberation room, its diffusion treatment, and the number of microphone and source
positions;

e) the dimensions of the reverberation room, its volume and total surface area;
f)  the temperature and relative humidity for each of the four measurement situations;
g) the results, reported in accordance with 8.3;

h) an estimate of the measurement accuracy.
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Annex A
(informative)

Accuracy of the measurement results

For each of the reverberation times (74, T,, T3 and T,) used in Equations (1) and (4) the standard deviation
(01, 05, 63 and &) can be obtained by the formula

N 7\ 2
_ (T; -T)
5= /;—N(N_D (A.1)

where N is the number of measurements of the reverberation time, and the spatial average of the
reverberation chamber is

T = _ZTi (A.2)

The uncertainties in the absorption coefficients of Equations (1) and (4) are

2 2
553V || 0 1)
¢ T3 T4
55,3 o ? ) ?
_ 95,3V 4 3
5aspec = —cS [T—z] + {T—z] (A4)
4 3
Finally, the standard deviation in the scattering coefficient is
2 2
s = (#spec ~1| [ Orepec | [ S5 (A.5)
| 1-a, | Aspec — 1 1-ag

The 95 % confidence limit in the scattering coefficient may be estimated as two times the standard deviation.

A 1A AnAa A
Copyright International Organization for Standardization ghtS reserved 1 1
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17497-1:2004(E)
Bibliography

[1]7 VORLANDER M. and MOMMERTz E. Definition and measurement of random-incidence scattering
i coefficients. Applied Acoustics, 60, 2000, pp. 187-199

[2] ISO 266, Acoustics — Preferred frequencies

[3] IEC 61260, Electroacoustics — Octave-band and fractional-octave-band filters
Copyright In?el?ational Organization for Standardization © ISO 2004 — All I’IghtS reserved

Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



Copyright International Organization for Standardization
Reproduced by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO 17497-1:2004(E)

ICS 91.120.20

Price based on 12 pages

~a 0ot oo
Copyright International Organization for Standardization -Ved

Reproduced by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale



