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Undertaking long-term acoustic measurements on sites located near an airport is related to a problem of
large quantities of recorded data which very often represents information not related to flight operations. In such
areas, usually defined as zones of limited use, other sources of noise often exist such as roads or railway lines
treated in such context as an acoustic background. Manual verification of such recorded data is a costly and time-
consuming process. Automatic differentiation of the tested noise source from background and precise recognition
of quantitative impact of aircraft noise on the acoustic climate in a particular area is an important task. This
paper presents the idea of a method that can be used for identifying aircraft operations (flights, take-offs, landings)
supported by experimental studies carried out with the use of 3D Microflown sound intensity probe and SoundField
ST350 ambisonic microphone. The proposed method is based on determining the spatial sound intensity vector in
the tested acoustic field during a monitoring timespan. On the grounds of this information, aircraft operations are

marked in a continuous record of noise events.
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1. Introduction

Noise is one of major environmental problems in inhab-
ited areas of the world. In Poland, development of domes-
tic communication has become one of the main sources of
noise hazards in the environment over the last 20 years.
The road-transportation (traffic) noise has been the dom-
inant factor in the change of acoustic climate due to its
widespread nature and prolonged effect. However, noise
generated by flight, takeoff, and landing of aircrafts in
close proximity of airports has also been an important
factor here. Since the Poland’s accession to the Euro-
pean Union and the Polish sky becoming fully accessi-
ble for aircraft carriers, the air traffic has been growing
rapidly. The growth of the air traffic in the coming years
is predicted to be lower than current one, according to the
forecast of the Civil Aviation Office [1], however it will be
still higher than the European average. In 2012, Polish
airports tripled in the number of passengers served (24.4
million), comparing to 2003 (7.1 million), which trans-
lates into approximately doubled overall number of air
operations. Estimations for 2020 are that the number
of passengers being served will increase to approximately
38 million, which will result in further doubling of air
operations (comparing to the current level).

While exploiting the environment by emission of sig-
nificant quantities of acoustic energy, according to Eu-
ropean Union Directive 2002/49/EC the management of
an airport (alike as this of a road, a railway, or a port)
is required to perform continuous measurement of such
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emissions. Such studies are designed to collect informa-
tion about the prevailing acoustic climate and to produce
conclusions, reports, and maps of the areas most threat-
ened with the limits being exceeded. Carrying out contin-
uous monitoring of a particular area involves problems of
large quantities of the recorded data, often representing
the information unrelated to the studied source. In such
area, usually defined as the zone of limited use, there
are typically also other sources of noise, such as roads
and railway lines, then treated as a background sound.
Manual verification of related data is time-consuming and
costly. Identification and separation of background noise
sources becomes a crucial task for proper determination
of noise levels.

The aim of current research was to check concept of
method for identifying aircraft operations (flights, take-
offs, landings) noise based on determining spatial sound
intensity vector in the tested acoustic field during a mon-
itoring timespan. On this basis, aircraft operations can
be marked in a continuous record of noise events. Ex-
perimental measurements were performed by using two
different sound transducer — 3D Microflown sound inten-
sity probe and SoundField ST350 ambisonic microphone.

Specificity of an aircraft noise

Each aircraft flying above an observer emits a charac-
teristic acoustic signal. This signal can constitute the
basis for the recognition of the aircraft as well as its
flight trajectory. As compared with environmental haz-
ard caused by other sources, the specificity of air noise is
as follows [2]:

e noise influences affects relatively large areas,
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e aircraft are characterised by high levels of noise
emission, but they are usually at a large distance
from objects for which such noise is harmful,

e propagation path of sound waves (coming from
above) makes impossible the application of effec-
tive environment protections against noise, avail-
able e.g. in the case of traffic noise.

Propagation of air noise in the environment is most
often determined by using calculation procedures (e.g.
INM [3]). However, the basis for assessment of the
noise arduousness around airports consists in the mea-
surement results. Such measurements are simultaneously
performed in a few or a dozen or so characteristic points
by means of professional monitoring stations. The fol-
lowing parameters are most often recorded in individual
measuring points:

e time of event,
e sound exposure level L sg,

e maximal sound level L gmaz,

equivalent sound level L 4¢q,

duration of event g,
e sound pressure level as a function of time,
e description of event (or possible disturbances),

During acoustics measurements, the monitoring system
requires additional information that uniquely describes
the recorded acoustic event. In the case of short-term
acoustic climate monitoring, such information (acoustic
event markers) can be obtained directly from the measur-
ing team. However, during long-term studies or continu-
ous monitoring it is not possible. In such cases, the data
from airport radar system can be used [4]. This means
that the noise level is correlated with the information
derived from aircraft routes (altitude, direction, speed)
recorded by airport radar system. When the sound level
reaches a threshold value and the radar system detects an
aircraft in the vicinity of the measuring point, the noise
source is classified as an aircraft. For example, Figure 1
shows a sample of the sound pressure level (SPL) course
recorded using continuous noise monitoring station in ur-
ban areas located close to an airport and a railway line.
The first two acoustic events are related to the aircraft
flights (departure from the airport — Boeing 738 and
Airbus 320), followed by passage of train EN57. These
acoustic events have been attributed to the source manu-
ally using information coming from the virtual air traffic
radar AirNav RadarBox. The waveforms of the sound
pressure level for this three acoustic events are very sim-
ilar, so it is not possible to identify the source of noise by
observing only the course of SPL.

Another way of identifying the aircraft noise during
acoustic monitoring is using a four-microphone array the
task of which is to determine the source position with
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Fig. 1. The course of the sound pressure level (dBA)
recorded by the continuous noise monitoring station lo-
cated close by the airport.
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Fig. 2. Identification of aircraft noise by using four mi-
crophone array (after [5]).

respect to the receiver (angle of elevation and azimuth)
and the fifth microphone necessary to conduct sound level
measurements [5]. Figure 2 illustrates the main concept
lying behind the proposed method of identification of air-
craft noise sources by using such system.

Value of elevation angle 6 is estimated according to
the formula based on the sound wave arrival time delay
in reaching two microphones — MO0, M1:

6 = arcsin (%) . (1)
where: 7 is the difference between the times of arrival of
the sound at two microphones MO0 and M1, c is the sound
velocity in air, and d is the distance between microphones
MO and M1.

Azimuth angle ¢ is calculated using information from
three microphones — MO0, M2, and M3. When the ele-
vation angle is greater than three degrees, the source is
identified as an aircraft, and otherwise as a background
sound.

One of possible alternative approaches to the issue, is
a concept based on automatic "understanding" of sounds
recorded by the measuring microphone (a part of the
monitoring station) and referring to the advanced cogni-
tive techniques based on the human auditory perception.
In previous studies conducted by the authors [2, 6-10]
on identification of noise sources and the type of airplane
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operations, automated pattern recognition methods were
used. These were artificial neural networks (Multi-Layer
Perceptron, Adaptive Resonance Theory, Self Organizing
Maps), minimum distance classifiers (Nearest Neighbor,
k-Nearest Neighbors and Nearest Mean), and a proba-
bilistic method (statistical decision method based on a
threshold of discrimination). But a prerequisite for (and
also a disadvantage of ) using these solutions is the neces-
sity to collect a representative sample group of learners
and perform a successful validation of the method.

2. Spatial sound intensity vector

The sound intensity I is defined as the average value
of the sound energy flux density level and is treated as
a complex value (active and reactive intensity). It can
also be described as a time-varying product of the sound
pressure p and the medium particle velocity v [11]. Av-
erage value (over time T') of the sound intensity is given
by
T

I, = 1 pn(t)v,(t)dt [W m—2], (2)

T Jo
where n = {X,Y, Z} is the orthogonal direction.

z

Fig. 3. Sound intensity vector in the spherical coordi-
nate system.

Using geometrical relationships in the Cartesian co-
ordinate system X,Y,Z (three-dimensional Euclidean
space), while assuming the acoustic wave propagation in
free field between the sound source (object) S and the
observer O (Fig. 3), the sound intensity can be repre-
sented as a scalar value according to the formula

I=\/I2+ 12+ 12, (3)
while the azimuth angle ¢ can be calculated as

p = arctg Gy) : (4)

x
and the elevation angle 0 as

I

IR+ 12

The method proposed in this research is based on de-
termining spatial sound intensity vector in the tested
acoustic field during the acoustic monitoring. The time-
averaged sound intensity vector I = [Iz7Iy7Iz] a and

0 = arcsin
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the azimuthal angle ¢ and elevation angle fare esti-
mated. Two types of sound transducers were used, 3D
Microflown USP sound intensity probe [12] and Sound-
Field ST350 ambisonic microphone [13]. All calcula-
tions were done in post-processing mode, based on the
recorded time waveform of the acoustic velocity and the
sound pressure. Importantly, SoundField ST350 is not
a sound intensity probe but a microarray of four micro-
phones (capsules) arranged in vertices of a tetrahedron.
Due to the location of the capsules and the signal pro-
cessing method, ST350 is called the first-order ambisonic
microphone. The resulting signal set is called B-format
and contains the complete information on the sound field
around the microphone during registration. Three sig-
nals of B-format correspond to microphones with bidirec-
tional characteristics oriented along directions X, Y, and
Z, and one signal Wcorresponds to an omnidirectional
microphone. Therefore, B-Format vector can represent
components of the sound intensity vector Iaccording to
the following formulae:

p=V2W, (6)

v=1|Y |. (7

One of the first studies related to location of a sound
source using the SoundField microphone under labora-
tory conditions was carried out and presented in [14].
The first tests associated with detection and location of
an aircraft as the sound source using the Microflown
probe were conducted by its inventors and presented
in [15-17].

4. Experimental study

Experimental studies of automatic classification of air-
craft noise during long-term acoustic monitoring using
spatial sound probes were conducted in village Rzaska
near Krakéw, Poland. The measuring point was in the
close vicinity of a railway line and route of departures
and arrivals to “Krakow Airport”. The multi-channel sig-
nal acquisition LMS SCADAS MOBILE system with 8-
channel data acquisition LMS VMS8-E module was used
for data recording. The system ensures recording wave-
forms of sound pressure and particle velocity with dy-
namics exceeding 140 dB and 51,200 Hz sampling fre-
quency. All further calculations necessary to determine
the parameters described above were carried out in MAT-
LAB 7.12. Parallel measurements were performed using
a mobile noise monitoring station equipped with a sound
meter and SVAN 958 analyser with GRAS 40AE micro-
phone in an all-weather cover. Short-term example of the
waveform sound pressure level is shown in Figure 1. Mea-
surements were taken during the day, at outdoor temper-
ature ranging from a maximum of 20°C to a minimum
of 16°C, atmospheric pressure 1020 hPa, and wind speed
not exceeding 1 m/s. Both SoundField microphone and
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Microflown probe were equipped with windscreens pro-
vided by the manufacturers.
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Fig. 4. The course of sound intensity Iz, ly, Iz, az-
imuth and elevation angle of I vector averaged over time
(0.125 s) Measurements taken with Microflown probe.
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Fig. 5. The course of B-format vector components, az-
imuth, and elevation angle of B-format vector averaged
over time (0.125 s) Measurements taken by SoundField
ST350 microphone.

Figure 4 shows an example of averaged waveforms of
sound intensity (with time averaging of 0.125 s) regis-
tered by Microflown probe, each for the x,y, z direction,
as well as the courses of azimuth and elevation angle of
the sound intensity vector in the adopted coordinate sys-
tem (pointing from the receiver to the sound source).

In Figure 4, vertical lines indicate time intervals of oc-
currence of noise events associated with aircraft flights
(departure from the airport, Boeing 738 and Airbus 320)
and passage of a passenger train. In the case of plane
flights, change of the azimuth angle ranges from 0°to
180°(flight along the horizon), while the elevation an-
gle increases from 0°to about 50°and then decreases to
0°(takeoff, flight over the measurement point, and flight
to the horizon). In the case of the train passing near the
measuring point, the azimuth angle starts from about
180°and then turns to —180°(arrival, passing near the
point, and departure), and the elevation angle is negative

A-147

(the railway was in a ravine, below the level on which the
measurement point was located).

Figure 5 shows an example of averaged waveforms of
B-format vector components representing the sound in-
tensity vector I components (registered by Soundfiled
ST350 microphone with time averaging of 0.125 s), each
for the x,y, z direction, as well as the courses of azimuth
and elevation angle of the sound intensity vector in the
adopted coordinate system (pointing from the receiver to
the sound source).

In Figure 5, vertical lines indicate time intervals of oc-
currence of noise events associated with aircraft flights
(arrival at the airport, Boeing 737 and Boeing 738),
and passage of a passenger train. In the case of plane
flights, change of the azimuth angle ranges from 150°to
0°(passing along the horizon), with the angle of eleva-
tion increasing from negative (around —50°) to positive
values (about 5°). In the case of a train passing near the
measuring point, at first the azimuth angle was about
180°and then turned to —180°(arrival, passing near the
measurement point, and departure), and the elevation
angle was negative (the railway was in a ravine, below
the level on which the measurement point was located).

Conclusions

This paper presents preliminary results of new ex-
perimental research project related to the use of sound
source localization methods in automatic classification
of aircraft noise during acoustic environmental monitor-
ing. 3D Microflown sound intensity probe and Sound-
Field ST350 ambisonic microphone were used. Results
of the algorithm used to determine the position angle of
sound sources in the adopted coordinate system are quite
promising. The elevation angle of an aircraft near the
airport area can be estimated with good accuracy by us-
ing the Microflown probe. For measurements carried out
with the use of SoundField ST350 microphone, estima-
tion of the elevation angle is less accurate in comparison
with actual position of the aircraft. Further work in this
area will focus on developing optimal algorithm for pro-
cessing the recorded signals in order to make the best
possible estimate of the sound source spatial parameters
which are related to aircraft flight operations.
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