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Abstract: The EC-funded project COSMA (Community Oriented Solutions to Minimize aircraft noise Annoyance, 7th
Framework Programme) started in June 2009 with an ambitious, twofold goal: improve the understanding of the
annoyance induced by aircraft noise on the population
and identify the engineering guidelines to establish appropriate design strategies and operational procedure to reduce these effects. The project was conceived within the
context of the X-Noise Collaborative Network, a worldwide network of experts and institutions committed to the
commercial aviation noise challenge. The COSMA objectives were addressed using a highly multi-disciplinary approach, integrating competences pertaining to psychoacoustics, sound engineering, and aeronautical engineering. The work of twenty-three research groups from nine
European countries was structured in six, strongly interconnected work packages. Aim of the present paper is the
review of this cross-disciplinary research from the point
of view of the aircraft designer. The attention is focused
on the Optimisation of Airport Noise Scenarios work package, where the aeronautical technology context was established in detail and where, eventually, the design criteria
and operational recommendation were defined on the basis of the outcomes of the annoyance examination experimental campaign.
Keywords: Aircraft noise; noise acceptance; noise annoyance; low-noise technologies; noise abatement procedures; multi-objective optimization
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1 Introduction
The project COSMA (Community Oriented Solution to Minimize aircraft noise Annoyance) was conceived to develop
engineering criteria for planning of airport operations and
design of new aircraft aimed at the reduction of the annoyance induced on the residential communities surrounding airports. At the time of COSMA preparation, this idea
was highly innovative, since the aeronautical engineering community was historically focused on the noise level
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abatement as the only strategy to cope with the community noise problem. The main COSMA objective was the development of a new design paradigm complementary (and
not alternative) to the classic one, in order to provide to designers and air traffic managers additional degrees of freedom to address the aviation noise challenge. COSMA was
thought as a follow-up of the 6th Framework Programme
project SEFA (Sound Engineering For Aircraft). That first
pioneering project integrated, for the first time within a
single research program, the disciplines of aeronautical
engineering, sound engineering and psychoacoustics. The
project goal was not only the improvement of the understanding of the effect of the civil aviation noise on the
population, but also, and that was an absolute novelty,
of the identification of possible engineering strategies to
mitigate these effects. COSMA was conceived to continue
on the same path, extending the study beyond the evaluation of a single aircraft noise event, as in SEFA, and aiming at the synthesis and analysis of a complete airport scenario. This ambitious goal required the establishment of
a deeper interaction between the disciplinary domains involved, i.e. the aeronautical engineering, the sound synthesis and the psychometric assessment. The human response to noise exposure is nowadays recognized as a key
aspect in the estimate of the environmental quality, and
depends on a complex combinations of factors. This is
true for the disturbance produced by all the transportation
media [1, 2], and assumes, in the case of exposure to aircraft noise, specific characteristics that deserve dedicated
analyses. In particular, the concept of annoyance is critical since it does not depend merely on the characteristics
of the noise signal, nor on purely perceptive features, but
also on the context in which the disturbance occurs and
the activity performed [3–10]. Despite the extensive literature existing on psychoacoustics applied to aviation noise
and the significant amount of work currently in progress
on the topic, an approach integrating the noise annoyance
assessment with the development of reliable engineering
strategies and design tools is still missing, and represents
the novelty of COSMA [11].
The present paper is focused on the review of the
project from a point view strictly pertaining to the aeronautical engineering domain. The reader is addressed to
Lambert et al. [12] for the description of the analysis of
the human response to noise completed in COSMA. The
paper is organized as follows. Section 1 deals with the
overview of the COSMA structure, the work package interaction scheme, and the methodology adopted in the analysis. The detailed description of the formulation and set up
of the optimized scenarios involving standard technologies is given in Section 2. Sections 3 and 4 are dedicated

to the analysis of the effects of low-noise-technologies and
future unconventional concepts, respectively. Section 5 reports the definition of the design criteria and procedural
recommendations based on the results of the psychometric tests. Concluding remark are drawn in Section 6.

2 COSMA structure and workflow
Aim of this section is the description of the overall structure of COSMA and the methodology adopted to accomplish its goals. One of the aspects that emerged as critical since the early phase of preparation of the project was
the management of the complex interaction scheme expected. The definition of the work packages and the resulting workflow, which is always a non-trivial task in large
projects, was complicated by the deep interdependency of
the intermediate subtasks, and by the substantial cultural
and technical differences existing between groups with
completely different backgrounds. The identification of a
reliable and effective strategy to address the large amount
of work foreseen was soon recognized as the key to success. The project activity was partitioned into the six work
packages indicated in Table 1. The first two were dedicated
to the management of the project, the definition of the initial specifications, and the planning of the most appropriate dissemination and exploitation activities. The remaining fours constituted the technical core of the project. A
schematic view of the workflow is depicted in Figure 1.
On the basis of the initial specifications (fleet composition, reference airport, set of procedures), five different
technological scenarios were defined. Table 2 reports their
schematic descriptions. Each scenario represents a variation of the baseline, scenario SC1, in terms of aircraft technology and/or procedures.
Table 1: The COSMA work packages.

WP0
WP1
WP2
WP3
WP4
WP5

Project coordination
Specification assessment and exploitation
Annoyance examinations
Sound engineering
Virtual resident
Optimization of airport noise scenarios

Each scenario was defined to investigate on the potential benefits on annoyance of specific improvements introduced at design level or in the daily operations. Scenario
SC3 dealt with the influence of two-dimensional noise

Community-oriented design of aircraft in COSMA |

61

Table 2: - The five technology scenarios.

Scenario
SC1
SC2
SC3
SC4
SC5

Aircraft technology
Current
Current/target sounds
Current
Fuel/noise optimized wings
Low noise tech. on standard A/C Future unconventional concepts

Figure 1: Schematic view of COSMA workflow.

Figure 2: Sequence of airport events comprising the departure of
five twin-engine mid-range (2eMR) and two four-engines long-range
(4eLR) aircraft in a 45 minutes time slot, and spectrogram of the
synthesized sound file.

abatement procedures, whereas scenario SC4 was built using optimized wing design and three-dimensional procedures optimized with respect to noise emissions and fuel
burned. Finally, scenario SC5 was conceived to include the
effects of the most advanced low noise technologies on
the most energetic noise source (fan, flaps, combustors
and landing gears), and to assess highly innovative configurations like Rear-Fuselage-Nacelles (RFN) and BlendedWing-Body (BWB). Scenario SC2 was based on the con-

Procedures
Standard
Standard
Optimized NAP (2D)
Fuel/noise optimized (3D)
Optimized for new aircraft

cept of target sound, which will be introduced and briefly
discussed at the end of this section. The final step in the
setup of the operational database was the definition of sequences of takeoff and landing events compatible with the
operative condition of one runway of the reference airport
in the time slot considered.
A schematic view of the construction of a sequence is
shown in Figure 2 for a daily time slot (DTS) corresponding
to the late afternoon of a working day, and a time of the
day (TOD) corresponding to 45 minutes between 18:30 and
19:15.
This set of initial information was the input of WP5,
Optimization of airport noise scenarios, where the initial
guidelines were translated into an exhaustive database of
takeoff and landing procedures through computationally
expensive numerical simulations that will be described
with more detail in Section 3.
This database included the accurate and detailed description of position, speed, and settings of all the aircraft considered, for standard and optimized procedures.
This large database was the input for the Sound engineering work package (WP3), where advanced techniques of
sound decomposition, source modeling and sound synthesis were developed and used to generate a set of realistic sounds from the description of each single event [13,
14]. The single sound signals were then assembled into
long tracks corresponding to each sequence (Figure 2
shows the spectrogram of the sound file for the sample sequence visualized) and passed to the Annoyance examination work package (WP2) to be used in the extensive campaign of psychometric tests. A detailed description of the
methods adopted and results achieved in WP2 and WP3 is
beyond the scope of the paper, which focuses on the aspects of the project more related to the aeronautical design and optimization. It worth mentioning here an original analysis tool developed in COSMA and used in the laboratory tests: the interactive Sound Synthesis Machine. It is
an interactive console equipped with a set of virtual sliders, each one associated to a specific noise source (fan, turbine, aerodynamics. . .), and linked to a sequencing software. The subjects of the laboratory listening tests could

62 | U. Iemma

modify in real time the characteristics of the noise by operating the sliders to make it more acceptable. The software
designed by the research groups involved in the realization
of the tool implements a complex set of constraints to ensure that the modifications applied by the subjects would
lead to a feasible aircraft sound (i.e., a sound compatible
with the physics of the phenomena involved) and avoid arbitrary modifications unachievable in the real world, such
as, for example, shutting down all the tonal components
or removing completely one of the sources. The statistical analysis of the modifications applied by the tested subjects led to the definition of the so-called target sounds, i.e.
weakly annoying noise signals (see [15] for details). These
reference sounds were used to build the sequences in scenario SC2, and to develop an innovative approach to the
multi-disciplinary, multi-objective optimization of procedures and design. The entire set of results of the WP2 experimental campaign was used to draw recommendations
for the improvement of the community acceptance of the
aviation noise. These guidelines were sent back to WP5,
where they were translated into design criteria and best
operational practices. This specific activity has closed the
COSMA multi-disciplinary loop, providing the engineering
feedback to mitigate the impact of the aviation noise on the
residential community. As already pointed out, this outcome can be considered as a step beyond the classic approach based on noise level abatement, and has been one
of the innovative aspects of the project. It will be discussed
in detail in Section 5.

3 Optimization of procedures
This section deals with the optimization of the
environment-friendly three-dimensional procedures used
to build the scenario SC4. Specifically, the arrival and
departure trajectories of all the aircraft considered were
optimized to minimize the fuel burned and the community noise impact. The analysis was performed within a
range of 50 km from the runway, thus requiring the threedimensional tracking of the aircraft, being the assumption
of a trajectory lying on a vertical plane not applicable in
this case. The merit factor considered to measure the noise
impact was the area bounded by the 60 dB, A-weighted,
Sound Exposure Level (SEL) contour.
The optimization was performed using the Framework
for Innovative Design in Aeronautics (FRIDA), a multidisciplinary tool for the conceptual design of aircraft developed
by the author and his collaborators. The tool is mostly
based on prime-principle models for all the disciplines

Figure 3: Analysis modules present in FRIDA.

Figure 4: Detail of the FRIDA flowchart involving noise modules.

involved in the design of commercial aircraft. The optimization core relies on both local, gradient-based minimization schemes, as well as global, evolutionary algorithms at the state-of-the-art. Although a detailed description of FRIDA is beyond the scope of the present paper,
a brief summary of its main features may certainly help
the reader in the interpretation of the results presented
throughout the paper. The FRIDA framework comprises
all the disciplines involved in the conceptual design of
an aircraft, i.e., propulsion, aerodynamics, aeroelasticity,
performance, flight mechanics, structural analysis, aeroacoustics and life-cycle-costs assessment (see Figure 3 for a
schematic layout). During the projects SEFA and COSMA,
the framework has been enriched by a module for noise
annoyance estimate (see Section 5). All the modules are
dynamically linked to the multi-objective optimization engine, in charge of the search for the extrema of the objective functions. The optimization core implements two
evolutionary global search methods: an original deterministic Particle Swarm Optimization (PSO) method [16] and
the classic Multi-Objective Genetic Algorithm (MOGA) [17].
The interested reader can find additional details about the
analysis methods adopted in FRIDA in [18, 19].
Figure 4 shows a detail of the complex flowchart of the
code, limited to the portion of the algorithm dedicated to
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Figure 5: Optimized approach and landing procedures to minimize noise and fuel burned. Influence of the α and β coeflcients.

the estimate of the environmental impact. Flight mechanics and aerodynamics impose the operating condition of
the aircraft. The engine simulator and the noise models
use the flight conditions as input and provide the fuel consumption and noise spectra at the observation points. In
COSMA, the problem was first addressed in form of tradeoff between fuel consumption and noise. The optimization problem was formalized as minJ(x) = αF(x) + βA(x),
where x is the vector of the procedural variable (position
and orientation, speed, angle of attack, flaps setting, and
engine rate), F(x) is the normalized fuel burned, A(x) is
the normalized area bounded by the 60 dB(A) contour, and
α + β = 1. The scheme was completed with a set of constraints to guarantee the structural integrity of the aircraft,
safe flight conditions, and mission accomplishment. A genetic algorithm was used, to ensure the finding of a global
optimum.
Figure 5 shows the results obtained for an approach
and landing procedure of a twin-engine, mid-range aircraft, using different values of the coefficients α and β.
Specifically, the minimum noise (red) and minimum fuel
(blue) trajectories and noise contour were obtained with
α = 0 and β = 0, respectively, whereas the trade-off solution (green) was obtained with α = β = 0.5. The picture
shows clearly how the extension of the residential area affected by a noise level higher than 60 dB(A) is definitely
not acceptable for the minimum fuel solution.

4 Effect of the low-noise
technologies
The approach based on the linear combination of the
two objective functions produced satisfactory results and
demonstrated to be reliable and computational effective.
Nevertheless, it relies on the a priori choice of the α
and β coefficients, which can be reliably done only with
well-assessed technologies, for which an extensive design
and operational experience is available. Scenario SC5 was
defined to investigate on the influence of the most advanced low noise technologies available to aircraft designers. These technologies were experimentally assessed and
validated in previously completed research project, such
as SILENCE(R) (5th Framework Programme), but never
brought at production level, and so, not yet operative. For
this reason, a pure multi-objective approach to the optimization was considered as preferable. In such an approach, the multiple objectives are collected into a Mdimensional vector objective function J(x). In our case,
M = 2 and the components of J are the two merit factors
used in the previous approach, i.e., the fuel consumption
and the area where SEL ≤ 60 dB(A), J(x) = [F(x) A(x)]T .
The advantage of such an approach is that no a priori assumptions are made. The optimization provides the entire
set of solutions that cannot be improved simultaneously in
both objectives without violating the constraints (the nondominated solutions). This set constitutes, in the plane of
the two objective functions, the so-called Pareto front¹. Ac-

1 Wilfredo Pareto (1848–1923) was an Italian engineer and economist
who first introduced the definition of optimal allocation of economic
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Figure 6: SEL contour levels for a complete sequence of optimized arrival and departures operated at Rome international airport using α =
β = 0.5.

Figure 7: Multi-objective optimization of takeoff for a mid-range,
twin-engine aircraft. The blue square solution was selected as the 5
% deviation from the minimum noise.

cording to the definition of Pareto efficiency, any solution

resources. The concept of Pareto efficiency or Pareto optimality states:
“The optimum allocation of the resources of a society is not attained
so long as it is possible to make at least one individual better off in
his own estimation while keeping others as well off as before in their
own estimation”. The concept has become standard to evaluate the
optimality of a solution in presence of multiple objectives.

belonging to this border cannot be improved in one of the
objectives without deteriorating the remaining one.
The choice of a pure multi-objective optimization has
significantly increased the computational effort required
for each optimization, but with the major advantage of
providing a complete catalogue of optimal solution. As a
consequence, the designer gained the possibility to pick
a posteriori different solutions along the front, according
to specific selection criteria. A typical solution of a multiobjective optimization is the one depicted in Figure 7. The
complete evolution of the genetic algorithm is shown, with
colors indicating the generation index. The population of
individuals converges clearly to the boundary of the feasible region in the F-A plane (the darkest green dots) and
draws an approximation of the Pareto front of the problem.
The selection of a specific solution of the front is up to the
designer. In the example shown, the criterion used was to
pick the 5% deviation from minimum noise (blue square).
Clearly, this criterion can change, depending on the
design needs and specifications. In particular, one can
identify an additional merit factor (for example, the manufacturing cost or the takeoff gross weight) to rank the nondominated solutions and make a choice. This possibility
has been exploited at the end of the project to derive design recommendations conforming to the outcomes of the
WP2 experiments (see Section 6). In order to build the sequences of scenario SC5, the effect of the LNT (Low Noise
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Figure 8: Noise abatement spectra produce by LNT at flyover for the fan (left) and jet (right) noise.

Figure 9: Effect of the low-noise technologies on the Pareto front of
the fuel/noise multi-objective optimization (twin-engine, mid-range
aircraft).

Technology) was introduced in the algorithm in form of a
correction at the source, based on the results published at
the end of the SILENCE(R) project. The corrections were
made available in form of noise-level-loss spectra for each
source of noise. Figure 8 shows an example of the noise
abatement spectra at flyover for the fan noise (left) and the
jet noise (right).
These values at flyover were adjusted to take into account the directivity of each source at observation points
different from the flyover, and then used to correct the output of the noise models (see Figure 4). The results obtained
applying these corrections are shown in Figure 9 (blue circles), compared to those obtained with standard technologies (red squares). The simulation refers to the same aircraft of Figure 7. The overall benefit of the LNT on the extent of the area affected by a SEL ≤ 60 dB(A) is evident,
with a reduction of the minimum noise limit of about 35%.
Figure 10 shows the contraction of the SEL contours for

two solutions selected along the two fronts on the basis of
their compliance to one of the standard low-noise departure procedures. The corresponding reduction of the target
area is about 15% in this case. The remarkable noise reductions achieved with the LNT are certainly a major technical advancement, as confirmed by the fact that some of
them have been installed on the latest generation of aircraft. Nevertheless, their relevance to the COSMA objectives resides only marginally in the noise level reduction,
but rather on the modifications induced on the spectral
content of the signals, and its time evolution, being the
corrections not constant in frequency (see Figure 8), and
having each source its specific directivity pattern. This aspect has been considered in the synthesis of the sound files
related to the optimized procedures.

5 Unconventional aircraft concepts
According to all analysts, the expected growth of the market demand in the next two decades would require the
introduction of breakthrough technologies to guarantee a
sustainable development of the system. Indeed, the foreseen rate of increase of the number of flights in the European sky will result in a substantial expansion of the
residential area directly affected by the noise produced
by civil aviation. The intensification of the traffic will increase the exposure of residential areas surrounding the
airports, due to the higher number of flights operating on
the same runways. In the worst cases, it will impose the
opening of additional runways in the existing airports, and
the building of new ones, enlarging the exposed areas and
raising significantly the number of citizens impacted every day. A clear and exhaustive picture of the development
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Figure 10: Contraction of the SEL contours produced at takeoff by LNT for the twin-engines, mid-range aircraft. The overall reduction of the
area bounded by the 60 db(A) contour for the two compared solutions is about 15%.

Figure 11: Pictorial rendering of the BWB concept developed during
the OPENAIR project.

roadmap towards 2050 is given in the ACARE (Advisory
Council for Aviation Research and Innovation in Europe)
Strategic Research and Innovation Agenda, where “dramatic changes in future air vehicle concepts for airframe
and propulsion” are explicitly indicated as indispensable
requirements to meet the 2050 goals². The ACARE has published a comprehensive forecast of the technological improvements required in the next three decades to compensate the traffic increase and keep the environmental impact of the civil aviation within the sustainability threshold. The Flightpath 2050³ fixes the envisaged reductions in
90% of the nitrogen oxides emissions and 65% of the perceived noise (percentages referred to year 2000). Although
part of the path towards these targets has been already

2 ACARE SRIA Vol I, Section 3.5. Available on http://www.acare4eu
rope.com/sria.
3 Flightpath 2050, Europe’s vision for Aviation, EC Technical Report,
doi:10.2777/50266.

accomplished, further improvements will be subordinate
at the introduction of revolutionary solutions, because of
the substantial saturation reached by classic technologies
that makes incremental improvements very difficult and
costly.
The research group coordinated by the author has followed the development of a Blended-Wing-Body aircraft
within the context of the FP7 integrated project OPENAIR
(Optimisation of low Environmental Noise Impact), running in parallel to COSMA. A pictorial sketch of the developed aircraft is shown in Figure 11. It was designed
for a payload of 300 passengers on a long-range mission
profile, equipped with two ultra-high-bypass-ratio turbofans installed on the top of the center body. The basic
layout was based on a previous design developed within
the ACFA2020 project (Active Control for Flexible Aircraft,
7th Framework Programme), radically adapted to the OPENAIR objectives through a complete redesign of the airframe. Although there are still technical and operational
issues to be solved before the entry into service of this kind
of aircraft, it appears as extremely beneficial from the environmental point of view because of the very high aerodynamic efficiency (i.e., less thrust required to fly the same
payload) and the significant shielding effect of the center
body on the noise produced by the engines. In order to exploit the results of the OPENAIR’s activity from the COSMA
point of view, the two consortia have established a link between the two projects⁴.
One of the core activities in OPENAIR was the aeroacoustic assessment of the configuration through accurate

4 The public reports of the OPENAIR project can be found on the XNoise web site http://www.xnoise.eu.
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Figure 12: Total SPL distribution induced, at 200 Hz, by the fan on the surface of the BWB and a classic configuration of the same class.

Figure 13: Total SPL distribution induced by jet noise at 200 Hz on the surface of the BWB and a classic configuration of the same class.

simulations of the aircraft scattering effect. The simulations were performed for all the engine noise components,
i.e., fan (forward- and backward-propagating), compressor, combustors, turbine, and jet, at all the relevant operational rates, for all the one-third-octave center frequency
up to 1 kHz. The models of the noise sources were developed through the optimization of equivalent distributions of monopoles and dipoles. Examples of the results
obtained are presented in Figure 12 and Figure 13 for the
fan forward-propagating noise and jet noise, respectively,
where green lines represent the location of the equivalent
noise sources distributions.
The SPL of the total noise is depicted on the surfaces of
the BWB and that of an equivalent classic configuration. In
both cases, the shielding effect of the cabin of the innovative aircraft is evident. Similar results were obtained for all
the 168 entries of the test matrix (6 sources times 2 engine
rates times 14 frequency bands), producing the extensive
database that was the basis of the collaboration between
the two projects.
The method adopted to include the acoustic benefits
of the BWB concept within the COSMA work flow was

the definition of directivity filters based on the evaluation of an installation or insertion loss defined as I L =
20 log10 (p cl /p bwb ), where p bwb and p cl is the root mean
square sound pressure evaluated at a circle of reference
virtual microphone around the blended-wing-body and
the classic aircraft, respectively. The distance of the microphones was set at 43 m for compatibility with the available
laboratory measurements. Figure 14 shows left the superposition of the SPL evaluated at the circle of microphones
for the two aircraft. The area between the two curves is
filled with different colors to visualize the polar sectors
where the I L is positive (p bwb < p cl ) or negative (p bwb >
p cl ). The benefit induced by the shielding effect is evident,
with significant reduction of the noise propagated towards
the ground. A least square fitting of the I L as a function of
the directivity angle was applied to derive a directivity filter
(Figure 14, right), to be used as a correction of the COSMA
noise models (see Figure 4). Also in this case it must be emphasized that the relevance of these results to the COSMA
objective resides in the modification of the directivity patterns of each single noise sources, rather than on the overall noise level reduction.
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Figure 14: Superposition of the SPL directivity patterns due to fan
noise on the BWB and classic concepts (left) and corresponding
synthesized filter (right).

6 Engineering guidelines and
design criteria
The work presented so far was referred to the first major
commitment of the design work package, i.e. the definition of the technological scenarios, and the generation of
the simulations needed by the sound engineering work
package to produce the sequences of sound files. In this
section, the second contribution expected in COSMA from
the aeronautical engineering domain is outlined: the formulation of engineering guidelines to turn the annoyance
assessment into design and procedural constraint. To the
author’s knowledge, the translation of the psychometric
assessment of aviation noise into specific technical recommendations was never attempted before. At the end of
COSMA, two different approaches were developed, both
relying on the target sounds concept as defined in Section
2. The first one started from the results of the sound machine test, made available by the Annoyance Examination
work package during the final part of the project. From the
analysis of the movements applied to the sliders by the interviewed subjects to make the noise less unpleasant, it
was possible to rank the single noise components in terms
of average subjective pleasantness.
For some of the sources, emerged a clear common tendency in reducing the relative noise level. This was the
case, for example, of the fan noise tonal components and
the buzz-saw noise, a specific noise source caused by the
complex interaction of shock waves at the turbofan inlet, characterized by an inharmonic sequence of tones. On
the basis of these results, some of the multi-objective optimizations performed for scenario SC4 were repeated, limiting the analysis to the noise sources ranked as the least
agreeable. Aim of the analysis was the quantification of
their relative contribution on the overall noise, to concentrate the technology efforts on the most annoying noise

Figure 15: Pareto front limited to tonal fan noise and buzz-saw noise
(light blue dots), compared to the total noise front with (blue dots)
and without (red squares) low noise technologies.

features, and compensate the difficulties in level abatement with sound quality improvement, coherently with
the COSMA objectives. A preliminary result is presented in
Figure 15, where the contribution of the fan tonal components and the buzz-saw noise (light blue) is isolated and
compared to the total noise solution, with (blue) and without (red) low noise technology. The analyzed procedure
is the approach and landing of a twin-engine, mid-range
aircraft. The result shows that the largest contribution to
the extent of the 60 dB(A) SEL isophonic comes from the
broadband aerodynamic noise, as to be expected, because
in this flight condition the engine rate is less than 60%.
This means that the application of the LNT to fan and buzzsaw tones would make them almost completely masked
by the aerodynamic noise, and thus barely audible. In a
few words, the modifications applied by the subjects during the sound machine tests to improve the noise quality
turned out to be technically achievable using the available, though innovative, technology. The same analysis is
currently being extended to the whole database of procedures, to assess the approach in all the relevant flight conditions.
The second approach developed in COSMA to derive
engineering criteria is inherited by the project SEFA, where
for the first time, an optimization driven by noise annoyance considerations was attempted. The approach was
based on the measure of the matching of the noise produced by the configuration under analysis with a previously defined weakly annoying sound [16]. The method
has been applied here using the target sounds as reference
sounds. As in [16], the measure of the matching level, I M ,
has been defined as the L2 -norm of the difference of the
spectra of current and target sound, S c and S t , evaluated
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of the sound machine tests. Preliminary analyses completed after the end of COSMA have provided promising
results [17, 18]. The systematic application of the method
to the extensive COSMA database of optimized procedures
is currently in progress, and represents the foundation of
the evolution of the COSMA approach towards a consistent, community-oriented design perspective.

7 Concluding remarks

Figure 16: Spectral matching at flyover time for two landing procedures of a twin-engine, mid-range aircraft.

over the duration of the event, T, and the frequency range
of interest, F − f .
⎯
⎸
∫︁T ∫︁F
⎸
1
⎸
|S c − S t | 2 df dt
(1)
IM = ⎷
T(F − f )
0

f

This measure of the distance between the two sounds
was used in SEFA as the objective function of a single objective optimization. An example of spectral comparison is
presented in Figure 16 for two different landing procedures
of a twin-engine, mid-range aircraft. The different level
of matching between the target (grey squares), solution A
(red dots) and solution B (green dots) is evident. It is important to notice that the two solutions are both “flyable”,
i.e. satisfy the aeronautical constraints, and that solution
B was obtained through a complete design/procedural optimization of the aircraft. The sound-matching index I M
was considered in COSMA as an excellent candidate for
the identification of a ranking criterion of the solutions
belonging to the Pareto front. Specifically, for each solution along the front, the noise at the observation points
could be synthesized using the noise models implemented
in FRIDA. The so-obtained time-varying spectrum is compared to the relevant target sound and the I M is calculated
according to Eq. (1). The direct comparison of the values
obtained for the matching index could provide a rank of
all the Pareto optimal solutions. The solution that exhibits
the closest matching to the target could be legitimately assumed to be the most agreeable, according to the outcomes

An overview of the research activity performed in the ECfunded project COSMA was given. The focus was on the
role covered by the Optimization of airport noise scenarios work package, in charge of all the topics pertaining
to the aeronautical engineering disciplinary domain. The
unconventional, highly multi-disciplinary nature of the
project was discussed, including an outline of the network
of interactions between the different disciplines, and the
sketch of the basic workflow. The definition of the technology scenarios, a peculiarity of the COSMA approach, has
been discussed in detail. Emphasis was given to the link
with other past and current projects, to include in the analysis the technical advancements foreseen in next threedecades. The results obtained by processing and analyzing the airport scenarios in the Sound Engineering and Annoyance Examination work packages have been eventually
the basis for the definition of design criteria and procedural recommendations aimed at the improvement of the
noise community acceptance. This was one of the major
advances produced by COSMA, being the consideration of
citizens’ annoyance as a design or procedural constraint
an absolute novelty in the aeronautical community. The
community-oriented approach developed in COSMA has
produced an additional tool for the sustainable development of the civil aviation system in the constantly growing market. The preliminary simulations completed have
shown promising results, currently being extended to the
analysis of the whole database of optimized scenario produced during the project.
Acknowledgement: The European Commission has supported the project COSMA through grant ACP8-GA-2009234118 and project OPENAIR through grant IP-234313.
The author wishes to warmly acknowledge his collaborators, Dr. Vincenzo Marchese, Dr. Matteo Diez, Dr. Lorenzo
Burghignoli, Dr. Francesco Centracchio, Dr. Cecilia Leotardi, and Dr. Simone Menicucci for the invaluable contribution given to the success of the projects.

70 | U. Iemma

References
[1]

Laszlo H.E., McRobie E.S., Stansfeld S.A., Hansell A.L., Annoyance and other reaction measures to changes in noise exposure
- A review, Sci. Total Environ, 1 (2012), 551–562.
[2] Brown A.L., van Kamp I., Response to a change in transport
noise exposure: A review of evidence of a change effect, J.
Acoust. Soc. Am., 125 (5) (2009), 3018–3029.
[3] Fidell S., Silvati L., Haboly E., Social survey of community response to a step change in aircraft noise exposure, J. Acoust.
Soc. Am., 111 (2002), 200–209.
[4] Janssen S.A., Vos H., van Kempen E.E.M.M., Breugelmans
O.R.P., Miedema H.M.E., Trends in aircraft noise annoyance: the
role of study and sample characteristics, J. Acoust. Soc. Am., 129
(4) (2011), 1953–1962.
[5] Fidell S., Mestre V., Berry B., Gjestland T., Vallet M., Reid T., A
first principles model for estimating the prevalence of annoyance with aircraft exposure, J. Acoust. Soc. Am., 130 (2) (2011),
791–806.
[6] Guski R., Felscher-Suhr U., Schuemer R., The concept of noise
annoyance: how experts see it. J. Sound Vib., 223(4) (1999),
513–27.
[7] Zimmer K., Ghani J., Ellermeier W., The role of task interference
and exposure duration in judging noise annoyance. J. Sound
Vib., 311(3–5) (2008), 1039–51.
[8] Moran S.L.V., Loeb M., Annoyance and behavioural aftereffects
following interfering and noninterfering aircraft noise. J. Appl.
Psychol., 62(6) (1997), 719–26.
[9] Janssen S.A., Centen M.R., Vos H., van Kamp I., The effect of the
number of aircraft noise events on sleep quality, Applied Acoustics, 84 (2014), 9–16.
[10] Lavandier C., Barbot B., Terroir J., Schuette M., Impact of aircraft sound quality combined with repetition of aircraft flyovers
on annoyance as perceived activity disturbance in a laboratory
context. Applied Acoustics, 72 (2011), 169–176.
[11] Bauer M., Collin D., Iemma U., Janssens K., Marki F., Mueller U.,
COSMA – Community Oriented Solutions to Minimise Aircraft
Noise Annoyance, Proceedings of Internoise 2010, Lisbon, Portugal, 2010.

[12] Lambert J., Champelovier P., Blanchet R., Lavandier C., Terroir
J., Márki F., Griefahn B., Iemma U., Janssens K., Bisping R., Human response to simulated airport noise scenarios in homelike environments. Applied Acoustics, 90(1) (2015), 116–125.
doi:10.1016/j.apacoust.2014.11.009.
[13] Janssens K., Dubail P., Thirard C., Leotardi C., Iemma U., Marki
F., Bisping R., Bauer M., Synthesis of Aircraft Noise Operations, Proceedings of Internoise 2013, Innsbruck, Austria, 15–18
September 2013.
[14] Bisping R., Janssens K., Dubail P., Thirard C., Combined flight
pass and acoustical measurements for psychometric analysis
of aircraft sounds. Proceedings of Internoise 2013, Innsbruck,
Austria, 15–18 September 2013.
[15] Márki F., Gulyás K., Augusztinovicz F., Bisping R, Bauer M.,
Bellmann M., Remmers H., Sabbatini D., Van der Auweraer H.,
Janssens K., Sound synthesizer tool for on-line sound quality
analysis and target sound design of aircraft flyovers, Proceedings of Internoise 2011, Osaka, Japan, 4–7 September 2011.
[16] Campana E.F., Diez M., Fasano G., Peri D., Initial Particles Position for PSO, in Bound Constrained Optimization. In Advances
in Swarm Intelligence, 7928 (2013), 112–119, Springer, Berlin
DOI:10.1007/978-3-642-38703-6_13.
[17] Deb K., Pratap A., Agarwal S., Meyarivan T., A fast and elitist multiobjective genetic algorithm: NSGA-II, IEEE Transactions on Evolutionary Computation, 6(2) (2002), 182–197. DOI:
10.1109/4235.996017.
[18] Diez M., Iemma U., Multidisciplinary conceptual design optimization of aircraft using a sound-matching-based objective function. Engineering Optimization, 44 (2012), 591–612.
DOI:10.1080/0305215X.2011.591791.
[19] Iemma U., Diez M., Leotardi C., Centracchio F., Multi-Objective,
Multi-Disciplinary Optimization of Take-Off and Landing Procedures to Minimize the Environmental Impact of Commercial Aircraft: The Noise Vs Fuel Consumption Trade-Off within the EC
Project COSMA. Proceedings of 19th International Congress on
Sound and Vibration ICSV19, Vilinius, Lithuania, 8–12 July 2012.
[20] Iemma, U., Leotardi, C., Centracchio, F., Diez, M., Decision
Making Based on Community Noise Annoyance in the MultiObjective Optimization of a Commercial Aircraft. Proceedings
of 20th International Congress on Sound and Vibration ICSV 20,
Bangkok, Thailand, 7–11 July 2013.

