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Abstract: Acoustic monitoring is necessary in the acoustic assessment of both airports and aircraft, to be able to determine exactly how the acoustic events
due to flights affect the quality of life of people living in their vicinity. An assessment of the noise produced by aircraft requires the use of monitoring stations
whose location must cover the inhabited area, placed on the active runways of the airport, so that the information obtained can be correlated with the traffic
data. The development aims to achieve sound pollution management with real data and a smartphone application that will allow the population to directly
access this system.
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1. INTRODUCTION

The noise produced by road, air, railway traffic, agricultural works or various factories has come to
represent a major environmental concern in terms of evaluating the quality of everyday life. More
and more recent surveys show that the percentage of those who are dissatisfied and annoyed by
the noise at home has increased a lot, to over 85% (Morel, J,, et al, 2016), and among the noise
sources mentioned, air traffic and road traffic are the ones that cause the most discomfort.

The total economic impact of noise-related ilinesses in Western European countries alone amounts
to more than €80 billion per year (Morel, J.,, et al, 2016, Basner, M. et al, 2017). Addressing this issue,
especially in large urban agglomerations, it can be done by drawing up noise maps for different
community noises: road traffic, railway, aircraft and industrial noises (Yang, W. et al, 2020), by
evaluating the noise exposure of the population according to the network noise data and
population density (Cai, M. et al, 2019) or through permanent noise monitoring (Bello, J. et al., 2019;
Maisonneuve, N., 2009).

The concrete aspects related to unattended monitoring of aircraft near airports are stipulated in
ISO 20906-2009, which describes in detail what such monitoring involves. Certain aspects
regarding the identification of specific sound events produced by aircraft must be analyzed from
an objective point of view, in terms of the data to be analyzed and correlated. Many of the world's
major airports are acoustically monitored to the above standard.

Internationally there is a wide range of monitoring equipment and all existing systems are based
on a sound level meter. The most important equipment manufacturers that offer precision class 1
sound level meters are: 01dB, EMS Bruel & Kjaer, Svantek, Larson Davis, Rion CO, which also offer
monitoring systems (Acoem;, Larson D).

There are research centers or companies such as: Cirrus, Topsonic Systemhaus GmbH, NLR,
AnotecEngineering, which use equipment from major manufacturers, offering expertise in noise
monitoring (Cirrus, Topsonic, Anotec Engineering). The basic package offered for noise monitoring
contains the measuring equipment (consisting of: sound level meter, weather station, control panel,
GPS unit) and a web/software platform for on-site and remote configuration and monitoring of the
stations/stations. In addition to the basic package, EMS Bruel & Kjaer, Rion CO and Topsonic add
an ADS-B receiver with which to take the identification data of only the ADS-B system aircraft, and
the noise data is then correlated with the data received from this receiver.

This technique improves the percentage of validated aircraft and excludes unwanted events such
as traffic noise or airport utility vehicles from the measurement. In addition to the technique of
correlating the data received from the receiver with the noise, Svantek and Rion CO implemented
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a technique to detect the direction of the dominant noise source both vertically and horizontally, a
technique based on measuring the signal from multiple microphones MEMS located on the surface
of the sound level meter, such as the one from Svantek.

This noise source direction detection method is based on the plane wave method and calculates
the cross spectrum between each microphone to identify the phase shift and amplitude difference
between the microphones. A similar system is the one developed by RION CO, which provides that
the location of the microphones should be on a metal support and the angle of incidence of the
acoustic wave is almost the same for all microphones. However, identifying the direction of the
noise source alone is not sufficient for airport noise and it is necessary to identify the aircraft that
produced the event.

2. LEGISLATIVE RESTRICTIONS ON NOISE

The ongoing development of air transport leads to the adoption of complex measures to ensure
both the efficient operation of transport systems and compliance with environmental
requirements. For the population who lives in the vicinity of airports, noise exposure, which
sometimes creates discomfort, must be taken into account in the context in which it is forecasted
a 42% increase in air traffic by 2040 compared to 2017, ie from 9.56 million to 13.6 million of flights
(take-offs and landings). For example, in 2011, 3.2% of the world population was exposed to Lz,
levels> 55 dB, due to aviation.

The number of major airports (with over 50,000 annual aircraft movements) will increase from 82
in 2017 to 110 in 2040, a situation in which the effect on the population may extend to much larger
areas. According to GD 944/2016 there are 20 urban agglomerations in Romania, 261 main roads,
5 sections of railway and 3 ports for which strategic noise maps must be made and according to
the new noise assessment trends, its monitoring with monitoring stations is foreseen (Decision no.
944/2016; Neda, T. et al, 2012).

Noise operating restrictions imposed on Romanian airports since 16.07.2019 are detailed in the
legislation (Decision no. 944/2016).

The quantities measured during monitoring to identify a sound event are characterized by the noise
exposure level, Lgs, and the maximum sound pressure Lpasmax OF Lpaeq 1smax iN Which (Figure 1):

Lp, as —A weighted sound pressure level on Slow scale; Ly, asmax — maximum A weighted sound
pressure level ; t - time; tio= t'10t+ t"10— maximum A weighted sound pressure level time interval with
variation of 10 dBA;
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Figure 1 — Identifying a sound event (150 20906—2009)
1 —range of primary indicators / dynamic range; 2 — overload interval; 3 — domain considered; 4 — ignored interval; 5 — intervals not transmitted; 6 —
upper limit of the main indicator range / dynamic range; 7 — threshold level; 8 — lower limit of the linear operating range.

3. MATERIALS AND METHODS - MONITORING ISSUES

i Location of the monitoring station (Decision no. 944/2016)

The analyzed monitoring station is located in the area of Avram lancu International Airport in Cluj-
Napoca, near its eastern end, with the following coordinates: latitude A=46.79113, longitude: ¢ =
23.69418 and altitude 315 m (1033 feet) placed in the marked area (Figure 2).
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Figure 2 — Monitor station position near the Avram lancu International Airport runway (Decision no. 944/2016)
For an accurate graphical analysis, two points located on the main runway of the airport were
chosen, A (9=23.67206, A=46.78463) and point A; (23.69494, 46.78989), which are, with
reasonable approximation, the closest points of the runway axis, about 150-200 m away.

If it is considered that the horizontal axis is "x" and the vertical one "y", the elementary variations
have the expressions

T s
dx=——R, docosh;dy =——R,d\r (1)
g0 Y? Y180

wheregr, =6370km IS the radius of the Earth.

In this case, a variation of 0.000001=10"* of ¢ or A, leads to:
dx=0.07611[m/ gradx10°°]; )
dy=0.111[m/ grad x 107°]

By graphical measurement, using the image scale, the length of the track |A1A2| figurative in Figure

3 has value 1848m, close to the approximate theoretical value

T P 5 5
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Also, the law of planar variation of latitude as a function of longitude for the runway axis can be
approximated by the expression

L =41.342539 + 0.2298951¢p (4)
i Some aspects of the data measured and archived by the monitoring system
Monitoring the airport noise involves the collection and processing of sound pressure values with
the help of properly calibrated sound transducers, in a correctly chosen position, respecting the
criteria imposed by the ISO 20906-2009 standard. It is also necessary to obtain information on the
flight data of the aircraft so that a completely correct identification of the event produced by a
particular aircraft can be made, especially in conditions of high air traffic.
The data obtained by measuring the sound pressure are sufficient to determine: Lpss — the A
weighted sound pressure level and Lyasma — the maximum level of the A weighted sound pressure,
values required according to the mentioned standard. Also, by processing the measured values,
the 1/3 octave spectra are saved every second, in a * .txt file, in the form of a table with 36 columns.
These results can only provide partial information about acoustic events at an airport, without
accurate information about the aircraft producing the sound event. For example, the file
NMS2_ 20210701 _1.txt contains information from 00: 00-12: 00, 01.07.2021.
The exact determination of the sound events of the aircraft that produce them requires the
development of specialized programs of numerical analysis, which make a correlation of the
measured acoustic data with the received ADS-B traffic data. The traffic data were obtained by
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using the Radarcape from Jetvision, which was installed in the same position as the noise
monitoring station. The archived ADS-B files are in the form of a text file.
In example: B738_20210617_4CA703_RYR2698_ EGSS_LRCL.txt,, the title of this file provides
important information on: aircraft type B738, flight date 17/06/2021, flight code 4A09AC, airline and
flight RYR2698 (Rynair, flight 2698), abbreviation of departure airport: EGSS (London Stansted) and
the arrival airport - LRCL (Cluj-Napoca).
Table 1.1-3 shows the data contained in such afile. It can be seen that the file provides information
about the spatial (latitude, longitude and altitude) and temporal (time in hhmmss) position of the
aircraft near the airport on take-off or landing procedure. Even if a small airport is monitored, such
as the one in Cluj-Napoca, where there are still between 25-35 flights a day, identifying and
classifying an aircraft is difficult.
This is obvious if you consider the daily schedule of flights, which are mostly grouped only in certain
time slots, and delays of any kind can lead to wrong correlations regarding the association of a
sound event with a particular aircraft.

Table 1. Flight data

Fly Company Lat Long Alt[feets] Departure Landing Plane Time[hhmmss]
4A0SE7 ROTAZ | 4678866 | 23.68973 875 LROP LRCL B737 185543
4A08E7 ROTGAZV | 4678825 | 23.68799 850 LROP [RCL B737 185545
IA09AE BLAST38 | 4678826 | 23.68791 1025 LK [RCL B738 002056
1A09AE BLA3738 | 4678810 | 23.68719 1025 LCLK [RCL B738 002057

A detailed analysis shows that certain values of the flight data have large deviations from the real
ones. For example on line 2 of table 1, marked, two significant deviations can be identified, applying
the relation (4).The landing takes place at a point offset of 180 m from the track axis and the altitude
indicate 55.77 m (183 feet) below the real one. Also the flight data are not transmitted continuously
from a temporal point of view, marked in table 1.

4. RESULTS OBTAINED BY PROCESSING THE DATA ARCHIVED BY THE MONITORING SYSTEM

i Determination of acoustic events

From the analysis of the data saved by the monitoring system, the sound events that can be
associated with an aircraft, according to the ISO 20906-2009 standard are exemplified in Figure 1.
In this sense, Figure 5 shows a sound event, a landing of a B738 aircraft (4A08EA, ROT641V,
46.78895, 23.69091, 875, LCLK, LRCL, B738, 001548), see Table 1.

From the analysis of the graph in Figure 3 it is observed that around 00: 21: 00 a sound event takes
place, identified as a landing.
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Figure 3 — Acoustic event ( LAeq in dB(A)) Figure 4 — Acoustic events during the day ( L ” indB(A))

Determining the acoustic events during the day is more complex due to the large number of events
(see Figure 4).

Ae
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As noted above, there are some discrepancies and differences between the values that are

reported by the ADS-B system and obviously stored by the monitor, which can lead to some

confusion in identifying an aircraft sound event, especially if the incidence of flights is extremely

high. Finding an alternative method of identifying an aircraft in parallel with the direct one, especially

in the case of multi-runway airports, can provide much more accurate information.

To this end, programs have been developed in the Matlab environment that allow a detailed

analysis of airport acoustic events, which can be more easily associated with flight data. With such

a method, the spectra and multispectra of aircraft noise could be done in order to find their spectral

finger prints for possible spectral modeling (Georgieva, H. et al, 2018).

i Processing of stored information and analysis of obtained results

Although the purpose of monitoring is to identify sound events in real time (Cristea, L. et al, 2021,

Decision no. 944/2016) and possibly classify aircraft according to take-off / landing noise, as

mentioned earlier, there are many question marks in crowded airports related to the exact

correlation of a sound event with a particular aircraft. Clarifications are needed for the method of

finding the position in which an aircraft generates a maximum level of noise, its spectral

composition, precisely in order to predict how these noises may affect neighboring inhabited areas.

Another significant point is the accuracy of the flight data received from the aircraft (ADS-B) and as

a consequence the corrections that we may consider. For this purpose, Matlab programs have been

developed to process the noise data archived by the monitoring station to obtain important

numerical and graphic information, sometimes necessary in the case of complaints whose solution

requires concrete and correct answers.

The necessary steps for developing of such data-processing programs consists, first of all, in

splitting of the large file data in smaller files, as follows:

— traffic data, were processed in the form of tables with 432400 rows and 37 columns (1/2 day);

— creating daily folders containing both the traffic data files and all the ADS-B files of the aircraft
that had events that day.

The programs do the following:

— converting the data from files type *.txt in Matlab format *.mat;

— converting the time format [hhmmss] in numerical format [ss];

— identify from the flight data of each aircraft, the location in time, the type of maneuver (takeoff /
landing) and then search for the sound event produced by it in the traffic data;

— identifies from the traffic data the maximum values of the Lseq level and the time at which this
happens;

— identifies from the flight data the position of the aircraft at the time when the noise level is
maximum;

— the program can perform spectra depending on the type of aircraft and the type of takeoff /
landing maneuver, figure 3, 4;

— can interactively display the position in which an aircraft has produced a maximum noise level,
figure 7;

— it can plot a multispectrum (FFT in time domain) depending on the time at which the Lsq noise
level is maximum, figure 8, 9.

In the following section different noise spectra computed from different aircraft are presented, the

x axis represents the number of the octave band as is presented in Table 2, figure 5, 6.
Table 2. The 1/3 octaves center frequency used in the figures

no.—f[Hz] | no.—f[Hz | no.—flHz] | no.—flHz) | no.—flHz] | no.—flHzl | no.—flHz | no.—flHz] | no.—f[Hz]
1-10 2-125 3-16 4-20 5-25 6-31.5 4-20 5-25 6-31.5
10-80 11-100 12-125 13-125 14-160 15-200 16315 17-400 18-500
19-630 20-800 21-1000 22-1250 23-1.6k 24-2k 25-2.5 26-3.15k 274
28-5k 29-6.3k 30-8k 31-10k 32-12.5 33-16k
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Figure 5 — Spectra of 4 aircraft types (X axis — 1/3 octave bands number; Y Figure 6 — Spectra of A320 (X axis — 1/3 octave bands number; Y axis —
axis — sound pressure level) sound pressure level)
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Figure 7— Position where the noise level is maximum

Multispectrum of A320, LAeq max for =40, landing Multispectrum of B737, LAeq max for t=40, departure
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Figure 8 — Multispectrum of a landing A320 Figure 9 — Multispectrum of a departure B737
5. CONCLUSIONS
This paper presents in a briefly manner some of the results acquired during the monitoring process
at Cluj International Airport and how this activity can be improved as a result of processing the
obtained noise and air traffic data. It can be stated with certainty that, through the developed
Matlab program package, additional useful information can be presented both in solving concrete
issues such as notifications, complaints, reports on a certain type of aircraft, the correction of flight
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data or the evolution in time and frequency of an acoustic event. The results presented can be

accessed in other forms, both graphical and numerical.

It should also be noted that the set of the developed programs can make an exact correlation

between the graphical image of the monitored area, the traffic data of a particular aircraft and the

data measured and processed by the monitoring system, sound pressure, A weighted sound

pressure level, spectra, etc.

The obtained results provide useful information, which together with the data provided online, can

fill specific needs on a certain level.

In addition to the results mentioned above, a clear distinction can be made between a landing and

a takeoff, which leads to an increase in the identification level of the noise produced by an aircraft.

Although attempts have been made to find spectral fingerprints for a particular type of aircraft, the

results obtained in this regard have not been satisfactory because even aircraft of the same type

may have different features in terms of noise reduction (Bennamia, 1. et al, 2018), and also because

the level of noise emitted may differ depending on the aircraft load, weather conditions, flight mode,

etc. Itis well known how important acoustic prediction is (Bratu, P., 2021), so the ideal solution would

be if each aircraft could be distinguished by a distinct, spectral, distinct noise footprint.

However, this can only be achieved through a statistically large-scale project, accurate information

with flight operators, complete destination and weather data, and other issues such as the way of

flighting by pilots. In other words, only through artificial intelligence systems could such a goal be

achieved.
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