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Introduction

This paper briefly describes the state of the art of development of environmental noise calculation
software in Europe, concentrated on the following areas:

e The Harmonoise and Imagine projects and the Good Practice Guide on Strategic Noise Mapping
e Therole of combining measurements and calculations for more flexible problem solving

e Uncertainty: qualitative methods to determine uncertainty levels of noise calculations

e Optimising environmental noise calculation capacity

The Latest Developments in Standards in Europe

Overview

There are three main areas of development in Europe on environmental noise cal culation methods —
Harmonoise [1], Imagine [2] and the Good Practice Guide on Strategic Noise Mapping produced by
the European Commission’s Working Group on the Assessment of Environmental Noise [3].

Harmonoise

The Harmonoise project, completed at the start of this year, has devel oped state-of-the-art
environmental noise calculation methods. These include the Harmonoise Engineering Model that is
expected to achieve widespread use and is already implemented in commercial software [4, 5]. The
Harmonoise project has made available a wide range of documentation on its website including its
summary report that, however, has not yet been accepted by the European Commission. It has been
developed to give good results in acceptable calculation times for large models. A road source
model has been developed allowing input data based on road properties (traffic flow, composition,
speed, driver behaviour, pavement, etc) to be used. No railway source model was developed — this
task was handed over to the Imagine project.
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Fig 1 Harmonoise input parameters for road sources




Imagine

The Imagine project, started in late 2003, is devel oping new cal culation methods for railway, road,
industrial and aircraft noise based on the results of the Harmonoise project. Due to be completed at
the end of Dec 2006, it will standardise the Harmonoise methods and provide guidelines on using
these methods for noise mapping and noise action plans. The main deliverables are practical
guidelines that describe how to measure source data for the Harmonoise methods, and methods for
dealing with aircraft and industrial noise. Information is provided on the project’s homepage, at
major conferences, and at afinal conference in 2006. A few reports are already published.

The Good Practice Guide on Strategic Noise Mapping

In December 2003, the European Commission Working Group Assessment of Exposure to Noise
(WG-AEN) produced a position paper entitled the “ Good Practice Guide for Strategic Noise
Mapping and the Production of Associated Data on Noise Exposure” (the Good Practice Guide) to
assist in producing the noise maps and associated data required by the Environmental Noise
Directive [6]. It recommends ways of dealing with general issues and specific technical challenges
for strategic noise mapping. In addition, a series of toolkits to help solve a number of the technical
challenges are included. An open invitation to comment on the Good Practice Guide was made in
order to assist in its development. Subsequently, various members of the WG-AEN, together with
assistance from external organisations, such as Bruel & Kjaer, have worked on revising the
document during this year. A 2" version, expected this autumn, includes, among other things,
guantification of expected result accuracies due to the quality of the input data.

The Role of Combining Measurements and Calculations

Using measured data as the input for calculating levels at another location has been used with

varying degrees of complexity for many years. However, as both calculated and measured levels

can be uniquely identified by parameter, level, location, time, etc., a common database can be used

to store both [7]. With suitable software [8], combining measurements and cal cul ations can provide

more flexible problem solving, enabling new possibilities in environmental noise management, e.qg.:

e Semi-automated determination of optimised Ly levels of multiple source categories from a
number of measurement positions using reverse engineering methods

e Showing temporal variationsin relation to strategic map results for analysing differencesin
popul ation response to event-based noise exposure

e Real time measurements and “live maps’ (dynamic mapping)

e Noise assessment at “inaccessible” sites by reverse engineering

e Comparing measured residual noise levels with calculated specific levelsfor overal levels or
differences, e.g. comparing “relatively quiet facade” levels with noisiest facade levels

Uncertainty

The sources of uncertainty can be grouped [9] into uncertainties due to the method, the input data,
the software and the measurements used to determine the measurand (the true value). Mgjor sources
of uncertainty are the input data and the user influence on modelling, including the necessary
processing of the input data. Professional, qualitative methods to determine uncertainty levels of
noise calculations both at individual receiver points and globally for noise maps are now becoming
commercially available in software [5] including the effects of uncertainties regarding:

e the description of the sources



e thequality of the model itself, in particular, regarding the quality of the height information that
isimportant for determining the important screening attenuation term

e the propagation distance from source to receiver

e and the quality of the noise contours produced by interpolation between receiver/grid points

1

F 05-Teu calosdation

Mo distence 10 S0W0 o bames () [
Smmypling rete of sest calulation (11 Me
Rdeirrsm gradiont st recedar (dlfm)
™ Unceasink

Distence reisied standerd diriatonhdinmun distance (m)
Mcoeirmrun dhstanCe ()
Shoshing fecior E1
Soneos ralosed standard deviatonDesash seting (55)
Beauriar rilatd sandeand diniatonDivintion in relate beight (Farcen i)
Faflecton rilated standard deviation Dinviason of sefiction propeny (Parces) 10|

Ok I Accagi Cancal

Fig 4 Determining uncertainty of environmental noise calculations in software

Optimising environmental noise calculation capacity

Environmental noise calculation capacity can be optimised by increasing the calculation capacity
through networking computers or by increasing the calculation speed in the software.
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Fig. 5 Monitoring the calculation progress and the loading of the active clients

Client-server network calculations significant increase calcul ation capacity by installing calculation
clients on one or more workstations in the same network networks. A server distributes and
monitors cal cul ation jobs among the avail able workstations with running clients. Calculation clients
can have minimal impact on network and workstation performance, even while calculating. Failed
jobs (for example, when a workstation shuts down) can be redistributed automatically. Thus, large
models for compl ete agglomerations can be made efficiently and quickly. The Hague noise map
with 675,000 calculation points on a 10 by 10 m grid, calculated in octaves with first order
reflections, 40,000 buildings and 350 km of roads was cal culated on a 30 GHz capacity network in
just over 8 hours.



Optimisation routines and algorithms in software can reduce calculation load without significantly
affecting result quality:

To optimise calculation speed, all objects of the relevant model area need to be kept in memory.
To reduce the number of relevant obstacles between receiver and source, a maximum source-
receiver distance can be defined. For good results at the edges of any “calculation tile” the
relevant model area should exceed the result area by this distance. For calculating 1 km?in
Bonn 2 km was used, resulting in a 25 km2 model with about 212,000 obstacles. Hong Kong's
hilly terrain required 3 km, needing a PC with 256 MB memory to handle the 1,000,000 objects
Irrelevant emitters within the fetching radius can be neglected. However, simply neglecting
“small” emittersfailsin severa cases, e.g. when the bend of a highway junction has been
modelled as small segments. Thus, the potential influence of neglected emitters needs to be
analysed. In software, one may define an acceptable maximal total error margin due to
neglected sources (e.g. 1 dB) that optimises result quality and calcul ation speed

Reflections from buildings close to sources and receivers strongly influence results. And, the
influence of reflections decreases with distance from reflectors. Thus, fetching radii for
reflectors can be introduced. In practice, including reflections 30 m from source or receiver
produces sufficiently good results with significantly faster calculations

Conclusion

This paper has briefly described the state of the art of development of environmental noise
calculation software in Europe, concentrated on the following areas.

The status of the Harmonoise and Imagine projects and the revisions of the Good Practice Guide
on Strategic Noise Mapping.

The role of combining measurements and cal culations for more flexible problem solving
Uncertainty: qualitative methods to determine uncertainty levels of noise calculations both at
individual receiver points and globally for noise maps

Optimising environmental noise cal culation capacity
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