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Foreword

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

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Noise calculation methods are a mathematical description on how to determine noise levels at receivers
from the emission data of sources and from data describing the acoustically relevant environment along
the propagation paths. In some cases, they include the determination of the sound emission from the
technical parameters of the sources. Even if knowledge about the physics of sound propagation grows
continuously driven by research and experience, the standardized calculation methods are adapted
to this increasing state of the art stepwise and remain constant some years for reasons of planning
stability. If obviously relevant influences on sound emission and sound propagation cannot, with

suf

icient accuracy, be derived from physical models with existing knowledge, empirically ¢
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hematical formulations are often applied as a time-limited agreement. Such a comprom
erts needs careful consideration of pros and cons and is generally derived and
nsidered by standardization or similar groups.

pme cases, software programs are designed and developed to apply a certaindocument
ware products with more than one alternatively selectable calculation taethod imple
ware platforms, often organizing many other importantjobs and operations like the user
data input and output facilities, the tools to inspect and modify the input data, and lastb
tools to present and analyse the result data.

illustration in Figure 1 shows the structure of the ISO 17534 seties. Such a subdivision ge
introduction of a row of Technical Reports is necessary because in many cases, existing st]
rnative documentations of calculation method are not complete in the sense that certairy
irring in real scenarios are not or not sufficiently covered. Existing specifications are of
allow different interpretations — in such cases, it is necessary to reduce the degrees of fr
ying interpretations by writing down the best pos§ible compromise as an “interim soluti
he responsible standardization committee or anether responsible body will not fill the g
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Figure 1 — Structure of the ISO 17534 series consisting of the main Part 1 and subordinated

©IS

Technical Reports

02015 - All rights reserved


https://standardsiso.com/api/?name=ed206e0a6b94ed2733df29053ba43e5f



https://standardsiso.com/api/?name=ed206e0a6b94ed2733df29053ba43e5f

INTERNATIONAL STANDARD ISO 17534-1:2015(E)

Acoustics — Software for the calculation of sound outdoors —

Part 1:
Quality requirements and quality assurance

1 [Scope

ISO[17534-1 describes quality requirements and measures to ensure, to indicate, and teyverify|the degree
of cpnformity of a software program with a consistently implementable calculationimethod /procedure.

Theg main objective of ISO 17534-1 is to ensure that applying a consistent implementable alculation
method with different quality assured software products on an identical set\of input data wjill produce
the[same results within a defined range of acceptable deviations.

ISO| 17534-1 enables the producer of this type of software to declare and to proof the correct
implementation of a calculation method and the software user to-verify it without the negessity of a
thind-party certification. It takes into account that software developers and software users arle members
of the same scientific-technical community and offers means-and measures for a transparert and open
conpmunication between them.

[SO[17534-1 does not cover the aspect of correctness of the calculation method itself, i.e. especially the
agreement of calculated results with results obtaine@with measurements will not be touchgd.

2 |Terms and definitions

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

21
accpracy
agreement of results calculated'with a software with those obtained by strict obedience of the method
accprding to its official documentation

2.2
beth version
version of the software notyetready for release but sentto a selected group of users for testing anjd comment

2.3
cal¢ulation.method
conjpletéset of algorithms, simulations, and other routines necessary to determine aresultin accordance
with the'scope of the method on the basis of a complete set of input data

Note 1 to entry: Asetofinput data that quantifies and describes the noise sources outputand position, the geometric
and acoustic properties of the environment that influence sound propagation, and the positions of the receivers.

» o«

Note 2 to entry: For the purpose of ISO 17534-1, “calculation”, “prediction”, or “computation” has the same meaning.

24

calculation ray

polygon line representing a propagation path from a point source to a receiver taken into account to
calculate the corresponding sound contribution

© IS0 2015 - All rights reserved 1
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2.5

correct results

results calculated with reference configuration (2.12) that are in agreement with the published
results or intervals

Note 1 to entry: In this sense, a result is correct if it is obtained by exactly applying the calculation method
according to its official documentation.

Note 2 to entry: Other aspects of correctness are beyond the limits of the normative definitions of ISO 17534-1. This
includes the error propagation with uncertain input data, uncertainties caused by simplifications in the calculation
model or other influences caused by shortcomings in the physical understanding, or mathematical formulation.

2.6

declaratiagn of conformity
Test Case Results Comparison Form (TRC-form) stating that the results calculated for the test cgses
obtained bly means of the software are within the tolerances specified and a Grade of Implementation
Form (Gol-form) stating the grade of agreement of the implementation with the officiaDdocumentatjion

—

2.7

modified ¢onfiguration
configurat]on of the software where one or more steps according to the dfficial documentation pf a
consistently implementable calculation method (2.9) necessary to obtain a result in the frame of its sdope
are approxlimated, neglected, or otherwise simplified

Note 1 to enftry: The reason to select such configurations is often to acceletaté the calculation and to performlit in
less computiational capacity.

2.8
new release
version of foftware made available to end-users having-a version or release number or date diffefent
from the previously available version

Note 1 to enftry: Beta versions of new releases are not included.

29
official documentation of a consistently implementable calculation method
clear and ynambiguous documentationsufficient to perform a calculation covered by the scope offthe
calculation|method (2.3)

2.10
point to point calculation
P2P

calculation of the sound.contribution or attenuation based on one calculation ray either in case pf a
direct ray from the source to the receiver or a reflected ray with direction changes

2.11

quality assurance
securing of anagreed acceptable quality of a software implemented calculation method (2.3) by following
the requirements and recommendations

212

reference configuration

configuration of the software where all steps according to the official documentation of a consistently
implementable calculation method (2.9) necessary to obtain a result in the frame of its scope are
performed and none of these steps is approximated, neglected, or otherwise simplified

2.13

software

programs, procedures, rules performed by an information processing system based on a set of routines
operated by computers to determine a result from a set of input data by performing a consistently
implemented calculation method (2.3)

2 © IS0 2015 - All rights reserved
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2.14

test case

unambiguous description of a scenario with one or more sources and one or more receivers by a complete
set of input data with intermediate and final results and intervals of acceptable deviations calculated in
the reference configuration (2.12)

Note 1 to entry: According to this definition, a test case is always related to a well-defined calculation method.
Note 2 to entry: See 4.5 about requirements for such test cases.

2.15

tes{scenario
conjplete description of a complex scenario to check the precision of a method implemented’|n different
soffware products operated in a specified configuration or to evaluate the uncertainty|caused by
applying a modified configuration (2.7) instead of the reference configuration (2.12)
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stafjistical description of potential deviations of calculated results from those obtainablg with best
pospible accuracy (2.1) due to ambiguous or unclear descriptions)in the calculation method (2.B), or in the

Notg¢ 1toentry: The user documentation canalsgsupportthe solving of problems. Documentation can be supported
as dpta-files or in paper form. Examples arewuser manuals, reference handbooks, online help, or websjites.

ification
ress of running test suite [2:36) calculations and comparing computational results with published
rect results (2.5)

3 |Quality assurance of software with calculation methods implemented

Qudlity assuranc¢eé-according to ISO 17534-1 is based on a clear separation between the softwafe platform
in the sense of'the licensed product on one side and the implemented calculation methods op the other
sid¢. Many features and operations supporting the modelling and the presentation and ahalysing of
Its ape independent from the calculation method applied. Calculation methods angl software
predictions
es or even
faults in the calculatlon methods are often earliest detected if the method has been implemented in
software and can be applied with realistic scenarios and input data. In such cases, it shall be avoided
that each software producer creates and implements his own solution as long as these problems are not
solved and included in official documentation. If this is not possible or as an intermediate step, agreed
solutions shall be described as “Additional recommendation” in a method-specific Technical Report

according to Figure 1.

Calculation methods shall be complete in the specified range of application and need a clear and
unambiguous documentation. Under view of quality assurance, it is not acceptable that unspecified terms
and procedures shall be interpreted during software implementation with an inevitably large spread of
different solutions. The developer implementing a calculation method in software shall be supported by
test cases with correctresults and preferably with step-by-step results. The documentation, the existence

© IS0 2015 - All rights reserved 3
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of such test suite with results, and a standardized form for the declaration of conformity of an individual
implementation are a minimum requirement for consistently implementable calculation methods.

Software products in accordance with ISO 17534-1 shall also offer a clear documentation where the
conformity of the implemented calculation methods with the underlying documentation is declared in
standardized form. They shall support the user checking the uncertainty of calculated noise maps and
noise contours caused by approximations and interpolations. They shall further allow the exchange of
data using a specified format.

This document is based on six main pillars, namely:
1y
2)
3)
4)

generdl requirements Ior calculation methods to be consistently implementable;

in thatiframe a set of test cases with acceptable result intervals;

generdl requirements for software platforms to allow the quality assured implementation;

a meth fied

config

odology to determine the uncertainties of noise maps and sound contoufsydue to modi
irations of the software;

5)
6)

the definition of a data format to allow the exchange of geometric and aceustic data;

a form|to declare conformity of the implemented calculation method with its official documentatfion.

hble
ake
part
ical

The organjzation, group, or person responsible for the official release of a consistently implement
calculation method (e.g. a standardization committee, working group, or administration) should
care that tte method-specific parts of tools according to pillars¢l,'2, 5, and 6 above are published as J
of the method. If this is not the case in the official documentation, it should be included in a Techn

Report as ¢

While the
in this mai

method-specific addendum or method-specificadditional recommendation of ISO 17534

Fequirements related to the software and @ all calculation methods generally are tred
n document, all parts related to a specific'calculation method are treated in the Techn

-1.

ted
ical

Report relgted to the method.

4 Requjrements for consistently implementable calculation methods

4.1 Doctimentation

The metho
document
part of the

d shall completely be_documented. If it consists of more than one document, a dated npain
chall give clear reference to all other documents. The parts of these documents that arefnot
method completely to be implemented shall be indicated.

This documentation shall include all mathematical routines, equations, and other information necesg
to avoid diffferent interpretations ifthe method isimplemented in software by different groups. To eng
the necessjiry participation and control by a representative group of experts, such calculation meth
shall finally be\published as standards or as comparable technlcal guides in Engllsh This is even|the
case with methaod Jare
conformity of the calculatlon method implemented in software shall be part of this documentation or
part of the method-specific Technical Report according to ISO 17534-1.

ary
ure
ods

4.2 Completeness

The range of application shall be defined clearly and unambiguously. It shall show up the frame within
which the method is completely defined to ensure an acceptable precision if it is applied by different
persons or groups with no further information but this documentation.

Inmanystandardsdealingwith sound propagation, therelevantphysicalphenomenaaretreated sequentially
in different sections. It is an important first step to structure the possible occurrences of the phenomena
taking into account all possible environments that are in accordance with the range of application.

© ISO 2015 - All rights reserved
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A section about diffraction and the calculation of barrier attenuation is not complete, if the relevant
equations are only given for one or two parallel barriers and shown in a cross section vertical to the
barrier, if the calculation of sound pressure levels in residential areas caused by roads, or other sources
is allowed inside the range of application. Information should be given on how to handle any possible
arrangement of screening objects like buildings.

If the calculation method related to a certain phenomenon does not treat the effect of this phenomenon
in certain cases occurring in typical environments, then clear specifications shall be given on how to
take this into account. This is even necessary if nothing shall be calculated in such cases.

With elevated objects with a gap between their lower edge and the ground where sound can propagate
thriugh this gap, the method should specify if such gaps should be neglected, if straight geometrical
trajsmission or even upward diffraction should be included in the calculation. In this lattér case, the
caldqulation procedure should be given for the specified calculation strategy. How to combine|diffraction
ovef the upper edge and lateral diffractions with many objects is also a common ptroblem, where clear
strdtegic specifications are necessary to avoid different interpretations with,axcorresponding large
spread of results obtained with different software implementations.

4.3| Unambiguity

Ung
nee
spe
use
firs
cled

4.4

Mos
equl
intg
isn

4.5

4.5

Tes
cas
in d

mbiguous rules are necessary to minimize the deviations caused by different interpret
ds expertise in software design - it is therefore necessary,to’include the expertise d
Cialists if physical principles are transformed to implementable equations and numerical |
 in automated routines. With respect to programming,‘diffuse expressions like “near, f
L row of buildings...” shall be avoided, if they cannot further be specified and quantified to
r applicable without ambiguity in all practically occurring scenarios.

Consideration of software strategies

tcalculation strategies of the engineering type are anaggregation of specifications, explan
ations developed and decided by physicists, acousticians, and other scientists or technici
account that all calculation methods will finally be transformed to or implemented in s
bcessary that experts in computér,science shall assist the final development of calculatio

Test cases — The verification of the correct implementation

1 The purpose ofitest cases

[ cases are an important tool to check the correctness of an implementation. An optima
s that covers)all important parts of the method is a powerful support for the softwarg
ontrolling step by step the implemented procedures. But it is also a tool for the softw

tions. This
f software
brocedures
hr, parallel,
make them

ations,and
hins. Taking
oftware, it
h methods.

set of test
developer
hre user to

validate the‘correct calculation with the method selected. Test cases for a given calculatipn method

are
cala

not ansexamination, but a support of software developers and users. The impleme
ulation method without test cases cannot be quality assured according to this part of

It is

the responsibility of the designers of a calculation method, of the authors of the standa

ation of a
[SO 17534.
d, or other

persons or groups finalizing a method to take care that such test cases are published together with
the method. Missing test cases can be developed and published in the Technical Report in the frame of
quality assurance of the calculation method according to ISO 17534-1.

4.5.2 The design of test cases and test scenarios

Test cases are designed to prove the correct implementation of equations and routines related to
different phenomena like ground effect, diffraction, or reflection.

These test cases shall comprise scenarios as simple as possible and only as complicated as necessary
to prove the correct calculation related to the issue under test. It is advantageous to include step-by-
step results in the documentation to support the quick detection of the reason for a deviation. It is also
helpful to apply spreadsheets or software individually programmed to apply the relevant parts of the

© IS0 2015 - All rights reserved 5
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method on the case under test. For each test case where a sound pressure level shall be calculated, the
step-by-step results and the final result shall be given to two decimal places and/or an interval with
lower and upper limits shall be given to one decimal place. If there are no effective degrees of freedom to
calculate the result, the lower and upper limit of the resulting interval depend only on rounding aspects
(see Table A.5). In all cases, even where results can be unambiguously calculated in agreement with the
official documentation, the intervals shall cover the possible range.

The “ideal” case where each equation and mathematical formulation is covered by a test case of this type
might often not be possible. But the main applications and the most complicated parts of the method
shall be covered.

Test scenatfios comprise realistic situations covering many aspects not detectable with precisely defined
situations as described above. With larger scenarios, the effects included in pure form in test cdses|can
occur in cgmbination and even in a way not overseen by the developers of the calculationmethof. If
calculation methods applied with such large scenarios shall produce comparable results evenif theylare
implemented in different software, it is fundamental in the frame of quality assurancejto investigate
their precision and the typical spread of results. These test scenarios can even be applied'to improve|the
method unlder test by thoroughly investigating the reason for unacceptable deviations at the releyant
points. A third aspect is to compare the results calculated with reference configurations and with a
modified cpnfiguration and to determine the uncertainties caused by these niedified configurations.

The deterrhination of the spread of results and the precision of the method according to ISO 17534-1
with realisfic a test scenario is best achieved with a confidential and reliable design of a round robin fest

NOTE

participant s informed about the mean value and the deviation of all separate results in an anonymized for

4.5.3 Thie definition of a set of test cases

In Annex A} an example of a test case\(see A.2) and another example of a test scenario (see A.3) is shgwn.
The test case A.2 is a step-by-step, calculation with ISO 9613-2 for a precisely defined scenario. The npain
calculation| procedures described’ in the official documentation of a method including the additipnal
recommenglations in the method-specific Technical Report (if these exist) shall be covered by such test cgses.

The examplle shown in A.34§ a test scenario — a complex model where a detailed reporting of step-by-§tep
results is impossible-With a round robin test using different quality assured software implementatjons
of the method undeitest, the deviation of each calculated result from the mean value at each recejver
can be detgrmined: This allows to improve the method and the included software implementations inan

2.7) and to determlne the dev1at10n or the decrease of accuracy caused by the modified conflguratlons
according to Annex C.

4.5.4 Single ray point to point calculation module P2P

The persons or groups responsible for a new calculation method can give some additional support for
the correct implementation in different software programs by publishing the source code of a single ray
point-to-point calculation module P2P (see 2.10). Such a software module does not replace the complete,
clear, and unambiguous description of the method. If cases occur where the source code is not in line
with the official documentation, this documentation takes precedence.

6 © IS0 2015 - All rights reserved
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Such a P2P module is in accordance with ISO 17534-1 if the following conditions are fulfilled:

The module calculates the attenuation along one geometrically defined path from a point
receiver (see 2.10). Input are the positions of source and receiver and the polygon line of

source to a
the terrain

with all objects in a vertical cross section above the 2D ray path in developed view with the relevant

acoustical attribute values. Output is the attenuation on this propagation path.

The responsibility for development, maintenance, and support of problem solving for this module is

clearly defined and declared.

The source code is open and can be checked to support the understanding of the documentation.

The implementation in any software program is free and the rights of use allow the active
software user to compare the results with those obtained with the software specificimpls
of the calculation method.

Comppiled software modules as “Black box” solutions with no insight into thesseurce code

acc

5
5.1

5.1

Thd
met
acc
con
(sed

If ca
of t

Gen

rdance with ISO 17534-1.

Quality requirements for software products
Product description and user documentation

1 Functionality

documentation provided with software products’shall state clearly the implemented

rdance with [SO 17534-1 and the method spegific Technical Report — if it exists. The form
formity of an implemented calculation method with the normative documentation of {
2.6 and Annex B) filled out by the software producer are necessary part of the documen

lculation methods are implemented in parts, this shall be declared in the documentation
he method not implemented shall be specified.

eral strategies and procedures that are not part of the standardized calculation metho

exp

ained if they can influence the interpretation of results.

tion by the
bmentation

are not in

calculation

hods with dated references. It shall be indicated whether the implementation is compflete and in

5 to declare
he method
tation.

. The parts

ds shall be

NOTE Examples are_the) general procedure (particles, rays), the geometric construction of rafs or sound
propagation paths (angle’scanning or ray tracing), or the methods to construct reflections (mirrg
statfstical particle or ¥ay tracing).

It i a matter of €ourse that all functionalities that can increase the applicability of the soff
be described. This includes all possible operations that modify the input parameters and th
feafures simplifying the model, and accelerating the calculation.

r images or

ware shall
b model, all

5.1{2-D User guidance and user support

The software user shall be informed about all approximations and accelerations due to the applied
configuration that can cause deviations from the complete calculation according to the selected
calculation method (reference configuration) e.g. by a protocol.

If the model, like it is defined by the input data, is internally modified before the calculation is performed,
thismodification shall be described. Itis absolutely necessary thata software user can getall information
that can influence the calculated results.

If there are alternatives in the configuration of the software, a reference configuration shall be
documented. It shall be clear to select this reference configuration explicitly.

Ifin the course of development the software is modified and updated, all modifications that can influence

the

result shall clearly be indicated and explained.
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5.2 Properties of the software to support quality assurance

5.2.1 General

It is the freedom of the software producer to rank possible features and to decide what shall be realized

and how it

will be realized.

5.2.2 Control of the model and the calculation

Tools shall
effective s¢

specified if
points, to g
to calculat

acceleration techniques of the project configuration are then calctlated by statistical analysis of]

level differ]

The receiv

inana
to qua
projec

— along 3
of the

NOTE y
procedures
524 Qu

Software i accordance with1SO 17534-1 shall be able to read and write data in accordance with the

format (see

complete npodels. Methed-specific supplements shall be covered in the method-specific Technical Rep

6 Decla

gtermination of uncertainty caused by the application of approximation-procedures

be offe

red to enable the software user to check all steps of a calculation. These are
OIl dI1d d d [ OIl dI1d COI'T Ol [ [ O' d Cd OIl I'd
This shall enable the user to identify all calculation rays (see 2.4) include

) cllld C Uld V

I Annex C. It shall be possible for the user to create a sample of randomly distributed rece
alculate the first set of result levels at these points applying théreference configuration
e again with the “modified configuration”. The uncertainty eatised by the approximations

ences according to Annex C.
br points created in the first step can be distributedrandomly

Fea that is generally the calculation area for a noise map. The resulting deviations can be
ify the uncertainty of the noise map causeddy the acceleration techniques applied with|
F configuration.

specified line of equal level. The resulting deviations can be used to qualify the uncerta
evel given by the line under test:

'his procedure will notonly checkthieaccuracy duetoacousticalaspects. Forexample, notstandard|
to model the terrain can influence the result.

ality assurance intérface (QA) to allow data exchange

Annex D). This\QA-format supports the exchange of most of the geometric and acoustic daf

ration of Conformity (DoC)

the
"om
d in
[ion

accordance with ISO 17534-1 shall offer the possibility to determine the uncertainties

hod
ver
and
and
the

sed

the

nty

zed

QA-
aof
ort.

For each

dlculation method i1mplemented 1n a SsoItware product In accordance with ISU 175

4-1,

a declaration of conformity similar to the example shown in Annex B has to be supplied and is part of the
product specification. By signing the declaration of conformity of an implemented calculation method
with the relevant documentation or standard, the software producer declares that the deviations by
calculating the test cases with the reference configuration will not exceed the acceptable limits as
published in the method documentation or in the method-specific Technical Report.
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7 Checks to be done by the program user

7.1 Applying the software with test cases

The test cases shall be supplied as importable data files together with the software. The software user
can check the correct implementation with each new installation or update by solving these test cases
in the method-specific reference configuration of the software and comparing the results with the
maximal acceptable intervals.

7.2 _Determination of the uncertainty at receiver points introduced by a modified
conffigurations

A ng¢ise map shows the 2D-distribution of levels calculated with a grid of receiver points.Pue [to the huge
numbers of receivers necessary to get an acceptable spatial resolution, it is often not'possiblefto perform
the|final calculations for the complete map in the reference configuration of the<selected falculation
method, but to enforce acceptable calculation times by applying special ac€eleration conffigurations.
These acceleration configurations are different according to technical progress with different software
profucts, but the general philosophy is always to neglect the contribution of sources and pjropagation
paths probably not relevant in relation to acceptable limits of uncertainty. But the uncertainfies depend
on the individual project and therefore they shall be checked in each.case and with a configuyration that
shall be used to calculate the final noise map (“modified configuration”).

With the statistical analysis of level differences (see Anfiex”C), the software user can|determine
chafacteristic values of the uncertainty caused by deviations from the reference configuration and by
intdrpolation techniques and include them in a legend of'graphic presentations (noise mapd) or/and in
accompanying reports.
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ral

Annex A
(normative)

Test cases/scenarios

A.1 Gen,

Test cases

ind test scenarios shall cover the relevant algorithms and procedures of a calculationmethod,

present key nominal results and acceptable tolerances, and comprise a clear definition of the input data
needed to create them unambiguously. They contain a complete data set with sources and receivers.

Test cases

comprise simple scenarios and contain intermediate and final results with accept

hble

tolerances{while test scenarios are more complex and therefore intermediate resuls‘¢annot be givejn. If

test scenaifios are designed to determine the spread of results with a method implemented in diffe

software products, final results and acceptable tolerances are expendable.

fent

A.2 Example of a Test Case (T XX) with detailed step-by-step’results for ISO 9613-2

The follow|ng example demonstrates only the principle.

Key

Al areawi
A2 area W;E

rd

h porous'ground
h mixed ground

! h=10|

source

receiver

A3 area wi h v'oﬂnl‘fing gvnnnr‘

height in metres
O

Figure A.1 — Different ground properties and different heights (upper part: side view, lower
part: top view)

Table A.1 — Source and receiver data

Point X y Zrel Zgrd

Unit inm inm inm inm
Source

Receiver
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Table A.2 — Sound power level of the source

Quantity Unit Values
f Hz 63 125 250 500 1000 2000 4000 8000
Lw dB

Table A.3 — Edge coordinates of rectangular areas with different ground properties

Ground factor G Coordinates of areas
X1 J X2 32 X3 33 N Y4
in m inm inm inm inm inm in m inm

porous ground
mixed ground

reflecting ground

Talhle A.4 — Contour lines with different heights (defining the cross-section shown in Figure A.1)
Coordinates
(ontour
lines X1 Y1 z X2 Y2 z X3 Y3 z3 X4 Jh Zy
inm inm inm inm inm inm inm inm inm inm inm inm

2
3

The frequency-dependent band levels and the A-tveighted levels at the receiver shall be calcylated for T
=..fCand F=.%.

For|the precisely defined test cases, the step-by-step results are given to two decimal pl
lower and an upper limit for results aceeptable as correct are given to one decimal place. In ¢
the|final result given to two decimalplaces is x,x5, an interval of 0,1 is always included for rounding
purposes. In some cases where even with correct calculation a certain variation of results
due|to open issues in the definitions, an adequate interval +x dB is given. Larger intervals compe into play
if extended sources are suhdivided if this partitioning can be performed in different ways a
themethod under test.

Aces and a
hses where

is possible

ccording to

© ISO 2015 - All rights reserved
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Table A.5 — Frequency dependent step-by-step and final results

Quantity Unit Values

Frequency inHz | 63 125 250 500 1000 | 2000 | 4000 8000

Lw dB

a-atm (...°C,...%)

Aatm dB

a,b’c,d forr —

Agr s 4B

Agr r dB

Agr.m dB

Agr dB

Adiv dB Total
L dB

A-weighting dB

Lp2 dB

a The resuft values in frequency bands and for the total level are consideredo be correct if the deviation dges
not exceed 0,05 dB.

a-atm atmospheric attenuation coefficient for ...° C temperature and ...% relative humidity
a,b’,c,d forr factor (see factors ISO 9613-2:1996, Table 3, Note) in dB

Aatm attenuation due to atmospheric absorption(in'dB

Adiv attenuation due to geometrical divergefi¢e in dB

Agr attenuation due to ground effect in-dB

Agr s attenuation due to ground effect.for source region s in dB

Agr m attenuation due to ground.effect for middle region m in dB

Agr_r attenuation due to ground-effect for receiver region r in dB

L level in dB

La A-weighted leveél im'dB

A.3 Example for a complex Test scenario - TestCity

A typical test scenario\is-the data-set of a city or a part of it. An example is the data-set “Test(ity”

(see Referd

Figure A.2
randomly ¢

nce [6]).

shows-an inner part of this TestCity with 100 of the total of 400 receiver points distribyted
ver the total area. These receiver positions are in accordance with the conditions formulated

hetefore theirhorizontal distance to sources and obstaclesisnotsmallerthan 2 m

in C.2 and

12
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Figure A.2 — Part of the Test scenario “TestCity” with.400 receiver points

Example 1 Checking the precision of a calculation method by a round robin test with four partici

pants based
on the calculation of a specified method

The participants agree on the calculation method to be applied and on the modified configur

htion if this
is npt the reference configuration.

whére
Ln,m calculated level at receiver n by participant m in decibel
I arithmetic mean of the levels calculated by all participants at receiver n in decibel
n
dLn,m

deviation between level calculated by participant m at receiver n and the mg¢an value
L, indecibet'dL, ,, =L, ,—L

n

1AL, | max maximum of the absolute value deviations dL, , at receiver n in decibel

Forleach of thereceivers the maximal absolute value of dL;, m and from these N numbers the q

accprding ta’C\4 is determined. It is a value showing up the precision of the calculation met}
with the different software applied.

nantile go 9
od applied
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Key
X
Y

120 -

100 H

80 rt

60

40 H

classes|- the values are upper interval limits (and larger) in decibel

number of samples

Figure

01 03 05 07 09 11 13 15 17 19 21
02 04 06 08 1 12 14 16 18 2 22

X

A.3 — Example of the distribution of maximum of the absolute value of deviations

|dL, | h.x fletermined in a round robin test with four participants applying the same calculatjion

14

method (only shown to demonstratéthe principle)
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Annex B
(normative)

Declaration of Conformity (DoC)

foll
Qud

Thd
or
Thd

situ
acc

(address)
are under our sole responsibility that the product

(company name, trade mark/software name, software;0r update package, version N
File description: Major version. Minor version{Release. Build, release date)

Fhich this declaration relates is in conformity with the following calculation method
(Title and/or number and date of issue of the calculation method)

wing the provisions of ISO 17534-1 “Aéoustics — Software for the calculation of sound
lity requirements and quality assurande”

declared conformity applies to any situation covered by the above calculation method.

declared conformity applies to situations covered by the above calculation method
ations specified in the.eénclosed Test Case Results Comparison Form (TRC-Form) and with
rding to the enclosed Grade of Implementation Form (GOI-Form).

(Plage and date of issue) (Name and signature or equivalent marking of authoriz

B.1 CTest-Case-Results-Comparison form (TRC)

utdoors —

except the
[imitations

ed person)

Table B.1 is an example showing the structure. The detailed table is part of the method-specific Technical
Report of this International Standard.

© ISO 2015 - All rights reserved
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Table B.1 — TRC form to show the grade of agreement between correct results and results
calculated in reference configuration

Test suite

Title

Place and
date of
publication:

Calculation
method

Title

Place and
date of

publication:

Test case
No.

Centre
frequency
of octave
band

Limits of certified results
(A-weighted) in dB

Uppera

Lower

Software calculation
result (A-weighted)
indB

Result
inside
tolerances

yes/no

Comme

nts

a  Test casps shall mark the largest acceptable deviation. If there are reasons to exceed themyitishall be commented.

An examplE based on the Test Case T XX (see A.2) is shown in Table B.2

Table B.2 — TRC-Form with data of Test casé T XX (A.2)

Test suite | |Title ISO/TR 17534-3 — Addendum for ISO 9613-2
Place and Geneva, International Organizationfor Standardization, 2015-01
date of
publication:
Calculation |Title IS0 9613-2 “Acoustics — Attenuation of sound during propagation outdoois
method — Part 2: General method of calculation”
Place and Geneva, International.Organization for Standardization, 1996
date of
publication:
.. . Result
Test case gril:;:gncy le(l‘:S of _Cel'l'ttlf(;;"_j rg;ults Software calculation | jpside
-weighted) in -wei
No. of octave 8 result (ﬁl ‘gglghted) tolerances | Commehts
band Uppera Lower yes/no
T XX
63 Hz 13,75 13,65 13,7 yes —
125-Hz 19,55 19,45 19,5 yes —
250 Hz 21,15 21,05 21,1 yes —
500 Hz 26,05 25,95 26,0 yes —
+060Hz 34-85 3475 34-8 yes —
2000 Hz 37,05 36,95 37,0 yes —
4000 Hz 34,15 34,05 34,1 yes —
8 000 Hz 21,65 21,55 21,6 yes —
Total 40,65 40,55 40,60 yes —
(63 Hzup to
8 000 Hz)

a  Test cases shall mark the largest acceptable deviation. If there are reasons to exceed them, it shall be commented.

16
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B.2 Grade of Implementation form (Gol)

This Gol-form is method-specific and is presented in the Technical Report for the method. Table B.3
shows the principle.

The boxes checked by the producer of the software are part of the declaration.

Table B.3 — Principle of the Gol-form

. c . . c - e L. o 2 a

T tire Teference COMMIgUration 0T appicatiol Of tile pTOgTall, it IS pOUSSIDIE to [ TEs Toatimited No
A

calculate degree

(listing of all calculation steps with all special features and choices)

XXX a O O

XXX O O O

2@ Check as applicable; if necessary marked with an index number and gxplained on an extra pag

®
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Annex C
(informative)

Estimation of uncertainty by statistical evaluation of level differences

C.1 General

Here, the diifferences of levels resulting from two different calculation runs are examined, e.g.

for co
deviat
deviat

for con
of leve

for cor
efficie

for cor

C.2 Des

To describ
estimated

NOTE 1 i
in an areao

NOTE2 1
than the 0,9
information

Receiver p
from the s¢

paring a pair of calculations made with the reference configuration and a configura
ng therefrom, where said comparison shall be made to determine the aceuracy for
ng configuration;

s at grid points, with results of the calculation for receiver points among the sound-conto

hparing a pair of variants, where this comparison serves to evalyitate the noise impact or
1cy of noise control measures; or

hparing a pair of calculations with different configurations of the program options.

jgnation of a group of single points

e a group of level differences, the 0,1-quantile*qo 1 and the 0,9-quantile gg9 are statistid
for distinguishing the value range of the aligned deviations from a random sample.

or example, the single points can be situated on a uniform grid for describing the noise receiver pd
- along a street in front of the row of houses.

0 % of all collective values are less than the 0,1-quantile while 10 % of all collective values are gre|

, see ISO 3534-1.

the setofa
ofall Nre
including

I remaining singlepoints. If a random sample size M is defined, e.g. by consecutive numbe
aining singlépeints, a uniform distribution of the random sample points can be achieve
e single points having the ordinal numbers of IP((i - 0,5) x (N/M)) in the random sam

Therein, i fanges from 1 to M, and IP is the integer part of the argument.

NOTE 3

he“distance is determined by examining the horizontal plane through the single points.

hparing sound-contours which are determined as smoothing functions,through interpolaf

Fion
the

s

on
LIT'S;

the

ally

ints

Ater

-quantile. This is a designation-deviating from that usually used for data given in acoustics. For nhore

bints having a horizdntal distance of less than 2 m from sources and obstacles are excluded
t of the level differences designated. Random sample points are uniformly distributed acy

0SS
ing
1 by
ple.

The random sample size shall be at least 20.

[t is recommended to select a ratio of random samples to number of single points of at least 1:100.

This method does not provide an accuracy factor for the calculation at single points.

If level differences originating from comparison with a calculation in the reference configuration
are examined, the 0,1-quantile and the 0,9-quantile designate the accuracy of the results which are
determined with a configuration deviating from the reference configuration.

Characteristic values go,1 and qo,9 are determined according to C.4.

18
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