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Abstract—This paper presents the methods and tools of the
7™ Framework European project COSMA (Community
Oriented Solutions to Minimize aircraft noise Annoyance).
COSMA aims to develop engineering criteria for aircraft
design and operations in order to reduce the annoyance within
airport communities due to aircraft exterior noise. By today,
such criteria do not exist since aircraft noise engineering has
historically focused on achieving ever lower noise levels for
individual events and at close distance from the runway.

Within the frame of a unique approach, COSMA will
improve the understanding of noise annoyance effects due to
aircraft in the airport surrounding community. The results
from field studies and psychometric testing will be used for
setting up optimised aircraft noise shapes. Special techniques
for a realistic synthesis of aircraft noise around airports will be
developed for the simulation and validation of optimised
aircraft noise shapes. Associated engineering guidelines for the
necessary optimisation processes will be established, which
needs a profound knowledge management for aircraft design
practices and scientific information on aircraft exterior noise
annoyance effects. The scientific research results will help to
reduce noise annoyance at the source in the future, by
technological or operational means and through an improved
understanding of the related effects of aircraft noise in the
airport surrounding community.

Index Terms—aircraft, annoyance, flight-path optimisation,
noise, sound engineering, virtual resident

I. INTRODUCTION

OISE pollution from air traffic is a major

environmental problem affecting airport communities.
Aircraft flyover noise represents a complex auditory
scenario wherein many acoustic, psycho-acoustic parameters
other than loudness but also plenty of non-acoustical
parameters affect the annoyance perception.
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In order to investigate this, the EU FP7 project
“COSMA” (Community Oriented Solutions to Minimise
aircraft noise Annoyance) was started in 2009. The key
elements of the multi-disciplinary approach to tackle noise
annoyance include field studies more detailed than ever, to
better understand annoyance and to serve as a basis for the
so called Virtual Resident, Sound Synthesiser Machine
examinations by lay participants for the creation of better-
sounding aircraft, single- as well as multi-event flyover
optimisation for quieter procedures, laboratory examinations
for testing future aircraft sounds, procedures and airport

scenarios. Aircraft manufacturers, sound engineering
specialists,  psychologists,  acousticians,  physicists,
statisticians — a colourful team of specialists will all

contribute to reach the goals of COSMA.

The present paper will first give an overview on the
whole project workflow, followed by the detailed
description of each major work-task. Not also the actual
work tasks but also those methods to be developed in the
project will be presented, which will give significant
contribution to aircraft noise annoyance/abatement know-
how of the state-of-the art research.

II. APPROACH OVERVIEW

In Fig. 1 a simplified overview of the project can be seen.
Two heavy resource-demanding activities must first be
described in order to understand the follow-up activities: 1)
telephone interview and field studies are performed to
investigate current annoyance situations around airports and
ii) beginning from the synthesis of a single flyover, complete
airport scenarios must be synthesised to be able to analyse
the effect of optimised aircraft sounds, take-off/landing
procedures and airport scenarios.

The information gathered from the field studies are used
to build a Virtual Resident, a tool to predict human
annoyance on the basis of a set of parameters, like number
of aircrafts, noise levels, etc. at a given observation point
together with other factors that influence annoyance (so-
called moderators) like expectation of future aircraft noise,
procedural fairness, economic dependency from the airport
etc. On the other hand, synthesised sounds are tested in
laboratory examinations to see the level of their
effectiveness.

The following items seen in Fig. 1 will be discussed in
more details in Section III:
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Fig. 1. Simplified workflow of the FP7 European Project COSMA. By making use of flight-path and sequence optimisation as well as application of
psychometric examinations to create less disturbing aircraft sounds, sequences are synthetized. These sequences are tested in laboratory with lay
participants to check the level of benefit of the optimisation. On the other hand, highly sophisticated field studies are carried out to analyse current
situations around airports. The high number of hours spent by the participants in test allow an extensive exploitation of current situations, so a Virtual
Resident model can be built. which is able to estimate human annovance. The VRes will identify most annoving factors. which can be used as later

A. Psychometric testing

Four different kinds of examinations are performed in the
work group responsible for psychometric examinations:

Telephone interviews & field studies

Telephone interviews allow studying what are the key
moderators of aircraft noise annoyance around a specific
airport. They form the basis for the development of the
examination methods used in the field studies.

The real-life annoyance can only be tested in the field, in
the houses of airport residents, during their regular daily
activities. Participants fulfilling a set of requirements are
invited to take part in the examinations. During 4
consecutive days, participants give their annoyance rating
each hour, whilst the outdoor noise level is measured
continuously. Additional questions each hour and before and
after the whole testing days allows gathering information
about non-acoustical moderators which strongly influence
actual annoyance.

Laboratory studies

The laboratory studies allow to test 45 minutes sequences
one against the other. Two benefits are to be mentioned
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here: i) the same scenario is tested by several participants
(which is a big advantage in statistical analysis, but is not the
case for field studies), ii) future aircraft/airport scenarios can
be presented to the participants.

Sound Synthesiser Machine examinations

It is of high difficulty for lay people to express what are
the most disturbing sound-features of an aircraft flyover and
how much one or the other component should be modified to
come to a better sounding aircraft. The Sound Synthesiser
Machine is a unique tool to overcome these difficulties:
faders are assigned to different aircraft components, like
tones, engine-noise, etc., and by moving the faders, one can
easily create less disturbing flyover sounds.

B. Optimisation of procedures and sequences

This part of the project addresses the possible benefit of
other take-off/landing procedures, as well as the
optimisation of aircraft types in respect of a few parameters
(like constant number of passenger movements in a given
time period, etc.). The optimisation results are directly used
in the sound engineering workgroup.
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C. Sound engineering

The realistic-sounding synthesis of aircraft flyovers and
sequences play an important role in the exploitation of future
aircraft, manoeuvres and sequences. Two kinds of sound
engineering tools are realised in the project: i) an online
“Sound Synthesis Machine” for lay people (e.g. for non-
engineers or specialists in the field of aircraft industry) to
find optimal-sounding aircraft sounds and ii) an “Aircraft
Noise Climate Synthesiser” for sound engineering specialists
to synthesise from the ground aircraft flyovers/sequences
according to any aircraft assembly, flight-path, manoeuvre
parameters. This latter is also used to synthesise those
sequences and procedures specified by the optimisation
work group.

D. Virtual Resident

This highly sophisticated tool will contain and use as
much knowledge as possible to predict the most probable
human annoyance reaction to an unknown aircraft sequence.
The examinations performed in COSMA will serve as a
starting point, but it is intended to develop the tool so that
results of future field studies can also be included in it.

III. KEY STEPS IN FINDING SOLUTIONS TO LOWER
COMMUNITY AIRCRAFT NOISE ANNOYANCE

Not only an overview was given in the previous section
but also the strong interaction and dependencies were
demonstrated. In the following, more details will be given
for the key elements of the multi-disciplinary approach. In
order to better understand the dependencies, the works will
be presented in dependency order and not in work package
groups as in Section II.

A. Sound synthesiser machine

The key requirement towards the Sound Synthesiser
Machine is that lay persons, e.g., non-engineers, should be
able to use it in such a way that the end result can be used by
aircraft manufacturers as an indication, which of the
dominant noise sources of an airplane are to be suppressed
most of all. This doesn’t necessarily mean a simply noise
reduction task, as it is also possible, that making a few
components a bit louder, one can mask the most annoying
noise source without a strong reduction in its level.

It is obvious that making an aircraft quieter will make it
less annoying, but it is also well known, that sound quality
plays an important rule too. The Sound Synthesiser Machine
serves exactly this goal, namely to enable subjects to create
their own less-annoying-sounding aircraft under the
prescription that the more preferred aircraft sound 1) is of the
same loudness as the original, ii) will be technically feasible
at least in the coming 10-20 years.

For most sound design tasks, engineers are employed to
invent the best sounding, yet technically feasible sound of a
means of transport. Unfortunately those engineers, working
for years and decades on sound design, are reacting probably
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in a different way to aircraft sound, as people living around
airports. For the first time a tool has been realised, which
allows really lay people, e.g., people who never had
anything to do with sound design, to adjust their own
preferred aircraft sounds interactively.

The realisation of the sound synthesis machine consists of

3 main steps:

1. Current aircraft flyovers have to be measured under
realistic conditions. E.g., a quiet recording place has to
be found in a distance to the runway, where typically
houses can already be located. Both take-offs and
landings have to be recorded.

2. The recorded aircraft sounds have to be decomposed
into components (see Fig. 2), which can be seen as the
most dominant noise sources of an aircraft. These are
for example tonal components of the turbine, the buzz-
saw noise, the broadband noise of the airframe, etc.
The exact components have been defined by aircraft
manufacturers, in a way that they can clearly be
distinguished as a sound component (e.g., it is strong
enough), but can also be related to a major part of the
aircraft (e.g., it is not a mixture of completely different
parts of an airplane). This will assure that the level
adjustment on the sound components can later directly
be translated into the necessary modification of a
clearly defined part of an aircraft.

Fig. 2.
components, like buzz-saw, broadband noise, tonal components, etc.
(Top picture: time vs. measured sound pressure signal amplitude, bottom
pictures: time vs. spectra of decomposed signals. From left to right: buzz-
saw, broadband noise, tones.

Decomposition of a recorded aircraft flyover onto source

3. Finally, a software has to be written, where faders are
assigned to the various components, and the subject
can adjust the level of each fader such that the mix of
the level-adjusted sound components result in a better
sounding flyover than the original one. (These new
sounds are referred as rarget sounds.) Naturally, the
tool has to compensate for the level adjustments of the
individual components, making sure this way that the
new sound is perceived exactly as loud as the original
one. As mentioned already, it is of key importance that
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the tool can be used very easily. For this reason, not
only a very clean and easy graphical user interface has
been designed, but also an external controller is applied
to control the tool. This makes it possible even for
people having less experience with computers to
familiarise them with the tool very fast and to be able
to realise those sound modifications, which they think
to be the best for them.

By realising this way the Sound Synthesiser Machine,
examinations can be performed with lay participants in
laboratories. In European projects it is of great importance
that test are realised in several laboratories all over Europe.
As with all such psychometrical examinations, specialists
point out the necessity of assurance of as similar as possible
conditions at all examination places. Only this assures, that
at the end of the examinations, a common statistical analysis
can be performed, valid mean values can be computed and
cross-cultural differences/similarities can be shown. For this
reason, i) headphones were selected for sound reproduction
(because using them there is no influence of room acoustics
or loudspeaker differences), ii) exactly the same hardware
controller is used in all laboratories with the same software
(naturally labels are translated in the countries’ native
languages), iii) the sound reproduction level through
headphones is well defined and the same for all places.

In Fig. 3, a participant can be seen working with the
Sound Synthesiser Machine.

B. Optimisation of procedures and sequences

This activity is divided in two optimisation tasks, dealing
with single and multiple events, respectively, plus a final
task aimed at the formulation of the design criteria.

Single event optimum — e.g. optimised procedures

As a first step, a single-event procedure is analysed. The
optimisation objective is the achievement of an optimum
noise shape (see Fig. 4) based on one of the target sounds
synthesised during an earlier European project, compatible
with the aircraft configuration under analysis. During this
phase, particular attention must be paid on the compliance of
the manoeuvres with specific operational limits in terms of
load factor, climb and descend rate, and stall speed. These
constraints are taken into account by considering different
levels of severity for the operational bounds.

At the first level, the operation conditions are limited by
considerations related to flying comfort, in order to avoid
sharp manoeuvres and limiting the load factor to values
casily tolerable by the passengers.

The second level deals with the constraints imposed by
the applicable regulation, which depend on several factors.
Here, only the most relevant subset of constraints is applied
to the optimisation procedure.

The third level is represented by the operational limits of
the specific aircraft under analysis, and is essentially related
to airworthiness.

The use of these multilevel constraints allows for a
dynamic selection of the criteria to be applied for the
identification of the more appropriate procedure. For
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Fig. 3. Working with the sound synthesis machine

instance, when dealing with the heavy night traffic related to
air courier operations, limitations related to passengers’
comfort are not pertinent, and higher load factors (i.e.,
sharper manoeuvres) can be reached.

The outputs of this optimisation task are noise levels at
the certification points, and noise footprint. Once the
optimisation process is calibrated on earlier sounds, the
updated target sounds provided by the Sound Synthesiser
Machine examinations will be used, and the sound-matching
criterion (based on the “index of sound similarity”) will be
extended to the analysis of multiple observation points, in
order to produce a map of the matching level of the aircraft
noise with the given target.

Multiple event optimal scenario — e.g. optimised sequences
In the present task, the algorithm developed in the single
event optimisation task is extended to multiple-events
situations, in order to deal with a realistic condition and
provide to sound synthesis specialists (see next Section) the
appropriate guidelines for the final synthesis of the low

SxSkm mics grid
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60 —

Fig. 4. After optimisation, the footprint of a take-off or landing can b
computed and drawn as seen in the figure, Single event optimal procedure
result in smaller noise footprints than currently used procedures.

annoyance airport noise scenario. To this aim, the operative
framework is defined in terms of number of events, aircraft
types, and airport map. The optimisation criteria are
specified in accordance with the recommendations arising
from the results of the field studies (see Section III/E). In
this respect, a crucial aspect is the definition of an
appropriate objective function, capable to drive the
optimisation process towards optimal solutions consistent
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with the outcomes of psychometric research group. Indeed,
the identification of the proper objective function is strictly
related to the optimisation criteria to be pursued, and thus to
the chance of success in the achievement of the desired
optimal scenario. In addition, it deeply influences the choice
of the simulation models to be included in the optimisation
framework.

Another key point to the accomplishment of the present
task is the identification of the additional regulation
constraints to be included in the optimisation process. In this
case, the criteria (optimum noise shape) used during the
single event optimisation task must be completed with the
restrictions arising from the simultaneous presence of
several aircraft in the vicinity of the airport. These
restrictions must be provided in terms of event separation
time, minimum horizontal distance, minimum vertical
distance, and relative speed. In order to keep the computing
time within a reasonable limit, only the most relevant
limitations to the operations are taken into account.

C. Synthesis of individual flyovers and sequences

As mentioned before, the output of the optimisation tasks
are flyover paths defined by many points in the 3D space
accompanied by a number of aircraft setlings parameters
(e.g. a large tables). The so-called Airport Noise Climate
Synthesiser is a powerful sound synthesis tool that — among
other input types — can be fed with these “tables™ and is able
to synthesise airport noise scenarios for any location in an
airport community. Being more precise, the tool uses 5 sets
of input data: 1) source component spectra (jet, turbine, fan,
etc.), 2) operational parameters (flap settings, speed, engine
RPM, etc.), 3) atmospheric noise propagation and ground
reflection models, 4) flight path data and 5) airport scenarios
(types of aircraft, number of events, time between events,
etc.).

This tool bases on a much simpler tool developed in an
earlier European Project (SEFA), which was able to
synthesise individual flyovers with a highly limited number
of aircraft source models. The flyovers produced by the
earlier tool were recognisable, but sounded too synthetic.
However, the development of that basic version (which can
be seen as a beta version for the current one) formed
important knowledge about the necessary input data for
realistic sounding flyovers.

Several new functionalities are in on-going development
in the current approach:

* An interface to the so-called SOPRANO tool (an
extensive database of aircraft noise source
components), which will serve as a data
management tool to support and manage any kind
of source component models and data.

® Source component modification capabilities that
allow assessing the impact of modification
scenarios and technology increments.

* Improved noise propagation models [2], which cover
turbulences, wind effects and complex terrain
effects.

e The extension of the new tool to support multiple
events in real airport scenarios.

A Multi-disciplinary Approach
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e The linkage of the tool to the Virtual Resident
(VRes) model (see Section III/F). This allows
computing functional noise annoyance maps for
airport communities, which is expected as a big
improvement over simple Lpgy maps.

All software components are developed in an open way
and will be able to support additional measurement data,
new engine and aircraft technologies, new airport policies
and more realistic virtual resident models after the current
project finishes. This assures, that such a tool, which is very
hard to develop, will not vanish after the end of the project,
but can be used and further developed any time.

Without naming all the companies and institutes involved
in the actual development, it is worth to mention, that
aircraft- and aircralt engine manufacturers, experts in the
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Fig. 5. The Airport Noise Climate Synthesiser takes noise-source
components, trajectories, aircrafl Lypes, listener position etc. and computes
flyover sounds, which can be played back by regular audio software.

field noise and vibration, programmers contribute all to the
successful development of the tool.

In addition to the mono sound synthesis, also a 3D
auralisation system is under development to enhance the
perception of the synthesised aircraft sounds. This
auralisation system will take advantage of the principles and
algorithms gained during the development of the Aircraft
Climate Noise Synthesiser tool. As a spatial sound
reproduction  system closely corresponds to reality,
psychometric judgments of aircraft sound quality may be
substantially more predictive in respect to the Virtual
Resident than those that are based on standard methods
using headphones. 3D virtual airport scenarios will be
auralised using a setup of 8 loudspeakers.

The output of the Airport Noise Climate Synthesiser can
be tested in different ways. First of all, the L, contours and
the resulting spectrogram can be check. Also by simply
listening to the output gives important information to
developers about the actual quality at a given stage of the
development. However, the final approval can only be done
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by psychometric tests asking from participants for quality of
the synthesised sounds and their perceptual similarity to
measured ones. For this purpose, members of the
psychometric group will perform validation tests at the end
of the development.

D. Laboratory studies

The results of the optimisation process described in
section III/C can be used by the Airport Noise Climate
Synthesiser tool to create future aircraft (new engine, new
shape, etc.), manoeuvres (new flyover trajectories with the
according engine-, flap-, slaps-settings) and airport scenarios
(a number of aircraft taking-off and landing). This has the
big advantage, that not only numbers underlie, that a given
change would result in x dB less loudness, but also the
possibility that one can listen to them. Like real aircraft
sounds in the field (e.g. a number of aircraft during a given
observation time in listeners home), synthesised sounds can
also be tested. They have to be played back through
appropriate loudspeakers (e.g. ones with good bass
reproduction capabilities) in laboratories arranged like a
living room at everybody’s home (see Fig. 6). The word
“laboratory” means in this case, that the acoustics of the
room are well known/controlled.

Fig. 6. Participants taking part in the laboratory studies. In being in home-
like surroundings, aircraft flyovers are played back through loudspeakers.
Participants do home-like activities like reading, discussing, and in
addition also performance tests.

For practical reasons, very long tests — like in the field
studies (for details see the following section) — can not be
performed, but tests of a duration of several hours can,
which are already enough to show at least some effects.

In the present project, participants will perform home-like
activities (e.g. reading a newspapers, writing a letter,
discussing, resting, etc.). After well-defined time-periods,
participants will have to give their opinion, how much they
felt them disturbed by the aircraft. During the examination
time, participants will also perform a few objective tests
(memorisation or computation task, reaction time tests, etc.)
so the disturbance can also measured, not only asked. To
find the most appropriate objective methods, psychologists
are also involved in the project.

E. Telephone interviews — field studies
Before going into details on the field studies, the
importance of the telephone interviews should be pointed

out here. It is well known by today, that aircraft noise
annoyance is strongly influenced by many other moderators,
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than acoustics [1]. Just to mention a few of them:
expectation of future aircraft noise, procedural fairness,
economic dependency from/ attitudes towards the local
airport, social status, environmental consciousness,
information recently heard in newspapers, kind and time-
frame of activity done at home, financial support by
policymakers/the airport for window insulations, etc. All
these moderators are not directly related to the air traffic and
the noise caused by it, but influence clearly the annoyance.
So it makes sense to perform first a large telephone
interview survey (in case of COSMA, 1200 persons per
airport have been interviewed), as it costs significantly less
money, than spending measurement days at participants
home, but delivers statistically relevant information about
the airport under analysis, which are the key factors to
determine noise annoyance.

After the telephone interview, for cost saving measures, a
subsample can be selected to take part in the actual field
studies. But the question rises, why is it worth to perform
another field study, when by today many annoyance studies
around airports have been performed already?

The point is, that in these studies, the noise excitation
generating the residents’ annoyance around airports was
usually estimated by integrated measures (e.g. L., NNI).
These data are calculated for defined periods (day, night)
using acoustic data (number and levels of flyovers) of more
or less distant noise monitoring stations. Noise load
calculations from data of official noise monitoring stations
(often kilometres away from residents’ position) are quite
error-prone procedures. Accordingly, annoyance is just
poorly predicted. This becomes evident by the huge variance
as shown by numerous field studies and meta-analyses
performed in the past. Specific acoustic features, such as the
frequency spectra of the individual aircraft noise events, and
the temporal distribution over the day were usually
disregarded.

To go deeper in understanding aircraft noise annoyance,
the present project’s method records the noise levels directly

Fig. 7. In the unique approach of COSMA ficld studies, the “polluting”™
noise is directly measured outdoors at the location of participants, whereas
the indoor noise level is computed from it through out/indoor transfer
function measurements. (Note the microphone putted at 4m height on the
left hand side of the picture.)

INFOCOMMUNICATIONS JOURNAL

DECEMBER 2011 ¢ vOLUME Il * NUMBER 4



INFOCOMMUNICATIONS JOURNAL

DECEMBER 2011 ¢ voLUME |ll * NUMBER 4

at participants home (e.g. in their garden — see Fig. 7), but
also infoutdoor transfer functions are measured. There are
also time periods, when the participants are focusing on each
individual flyover. During these periods, the indoor time
signal is recorded, which allows for complete
psychoacoustic analyses. In this unique approach, standard
and special psychoacoustic parameters can be correlated to
the sound quality evaluation of participants.

In these field studies, whilst outdoor noise levels are
continuously logged during 4 days, participants are doing
regular activities at home. However, each hour, a specially
for these examinations developed software alarms the
participant to answer a few questions relating to the activity,
its disturbance, location, etc. of the participant during the
past hour. This approach — developed by field study
specialists — allows for direct correlation of annoyance and
noise and — further on — the annoyance with aircraft design
and operations.

As not only cultural differences can exist in relationship
with aircraft noise but also the various airports are highly
different in terms of capacity, operation times, number of
runways, etc. three important airports are selected for field
studies in the COSMA project:

® London Heathrow LON (one of the largest
European airports)

* (Cologne/Bonn CGN (high amount of night time
traffic)

¢ Arlanda Airport, Stockholm ARN (important
airport of a Nordic country)

F. Virtual Resident

This is a tool that has to simulate the annoyance of people
living around airports due to aircraft noise. (More precisely,
the tool should simulate a kind of “average” person. — See
Fig. 8). It collects most of the information gathered in other
activities of the project and uses them to create a highly
complex “intelligence”. The general workflow on the
development and on the prediction algorithm of the VRes is
depicted in Fig. 9.

The VRes tool will accept different types of input sounds:
single-event and multiple aircraft sounds as used in the
laboratory listening examinations, field study recordings and
combined laboratory/field audio files. The input
sounds/sound scenario can be measured or synthesised. The

Fig. 8.

The challenge of the Virtual Resident. Aircraft noise annoys
people during their various activities. One of the major difficulties in the
development of the VRes is the specification of a kind of mean annoyance
of lot of people during lot of activities. The actual prediction task begins

onlv after.
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tool consists of three main modules in serial connection; (1)
a preprocessor (parameter extraction) module, (2) the VRes
core algorithm and (3) a postprocessor.

In the case of complete sound scenario, the time signature
is first decomposed onto single events. Then, a preprocessor
module is applied to the input sound data to extract a
reduced subset of relevant parameters. This subset of
parameters is then passed to the VRes core algorithm. This

decomposition onto single events

|

Aoun
quality

| -
Core Algorithm
2

\ ’

Fig. 9. Workflow of the Virtual Resident.

supports several types of models (neural network model,
multi-regression models and categorical & regression tree
models), each generating an estimate for annoyance or
preference. Finally, the postprocessor selects the most
appropriate one or produces a combined estimate.

The VRes tool has a built-in intelligence, obtained from
different sources: former field studies, earlier EU projects,
sound machine examinations. So it comprises both
knowledge and the expertise/know-how of the partners
involved. This intelligence is applied to develop both the
preprocessor module and the VRes core algorithm models as
well.

One of the most challenging tasks in the development of
the VRes is the development of the preprocessor.
Mathematical algorithms have to be developed to describe
the input audio files by a reduced set of parameters. One of
the key issues is the definition and selection of those
parameters that are most relevant for describing annoyance.
Two preprocessor sub-modules are developed focusing on
single and multiple events respectively. In case of single
events, special acoustic and psycho-acoustic parameters
must be computed. For multi-events, the detection of
flyovers in the long SPL histories is a big challenge. After
successful detection, a few acoustical parameters can be
computed for each fly over, and for periods of time
averages, distributions, maximal values, etc. The efficient
work of the preprocessor is indispensable for the core
algorithm, which can handle only a limited number of input
parameters for predictions. On the contrary, a time signal or
an SPL history log consists of millions/thousands of samples
(the values following one after the other).

For prediction problems various algorithms do exist, in
the present approach three different types will be realised.
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These algorithms must be set up/trained by some measured
data. The psychometric examinations described earlier can
serve this goal: field/laboratory test’s noise records can be
used as input for the VRes tool, and its output, the predicted
annoyance, can be correlated to human responses. An
optimisation process assures the appropriate set up of the
internal parameters of the core algorithm. By not using all
data for setting up the core algorithms, the remaining data
can be used to validate the model.

The last step for the VRes tool is a postprocessor, which 1)
selects the result of the best core algorithm or combines
them, and ii) is able to create an annoyance colour map in
cooperation with the Airport Noise Climate Synthesiser.

IV. MORE INFORMATION

For further information generally about the COSMA
project please refer to [3, 4, 5, 6]. Details about the Sound
Synthesiser Machine can be found in [7, 8] about. About
annoyance, as a design optimisation criteria can be found in
[9]. Further information of field/laboratory examinations can
be found in [10, 11, 12]. The Virtual Resident model is
described in [13] in more details.

V. CONCLUSION

The present paper demonstrated a complex approach to
further understand and lower communities aircraft noise
annoyance. As one could see, this kind of annoyance can not
only be handled by simple engineering tools because not
only loudness plays an important role, but also other non-
acoustical moderators as well. On the other hand, even the
acoustical effects are not easily to understand, because
aircraft noise annoyance is a long-term reaction. The
“combination” of single events to estimate the long-term
annoyance is far not obvious.

As these factors are not easy to “measure”, the importance
of a multi-disciplinary collaboration of researchers and also
the broadening the examinations to different places around
Europe or the World must be underlined here.
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