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Abstract The present study undertakes the development and implementation of an algorithm for an
automatic separation of acoustic events related to aircraft flights. The data are provided by noise monitoring
stations operating as part of multi-point continuous noise measurement systems around small and
medium-sized airports and helicopter landing sites in Poland. The article presents initial assumptions of
the developed method based on the conclusions of the research. For this purpose, two different methods of
airborne noise signal detection will be discussed. The first method is based on the analysis of the value of
the changing rate of the signal being the difference between the value of the analysed sample and the value
of the h-th previous sample of the recorded sound level time history. The second method uses
a convolutional neural network operating on values recorded in 1/3-octave bands. The objective of the
study is to examine the effectiveness and limitations of the selected methods on the collected representative
input data.
Keywords: aircraft noise, noise monitoring, noise detection.
1. Introduction

Aircraft noise is the most health-threatening source of noise pollution among all modes of transport [1-3].
The literature has documented the direct and indirect impact of noise on health, involving both auditory
and non-auditory sensations [4]. First of all, noise generated by various means of transport, such as air, road
and rail traffic, have various negative effects on people [5, 6]. Snellen et al. [7] attributed the variability of
noise generated by different aircraft to aircraft characteristics such as engine, speed or changing weather
conditions. In order to counteract aircraft noise, various measures have been undertaken to reduce it [8].
Firstly, airplanes are less noisy [9], and secondly, procedures and airport operations have been introduced,
which should result in the reduction of noise generated by airplanes in populated areas [10]. Many models
of noise monitoring are viewed as approximations of such models, which, in fact, infers deviations from the
predictions of the model from actual noise levels [11]. Such approximations can include an airplane model
as a point source [12], or the assumption of predefined variability of engine thrust settings along the flight
[7]. Therefore, it is very important to compare the model values with the measured ones and to assess their
compliance quantitatively. Thus, the paper presents initial assumptions of the method being developed of
automatic separation of acoustic events related to aircraft flights.
2. Methodology

To assess the effectiveness of possible approaches to the identification of aircraft noise events, two
detection methods were selected, based on different principles. While the former method uses multithreshold triggering of A-level processed time history [13], the latter uses multi-stage processing. First, the
events are detected based on a simple detection threshold and then they are processed by
a convolutional neural network [14].
To ensure that the efficiency assessment is reliable, analyses with the use of both methods were carried
out based on the same set of input data. The noise was recorded for a month at a measurement point located
3 km from the runway threshold, within the acoustic impact range of two take-off routes and one approach
route (see Fig. 1). The main sources of background noise were two roads, one of which has a traffic volume
exceeding 3,000,000 vehicles per year. The location of the measuring point was selected to take into account
the influence of the acoustic background having high variability level.
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Figure 1. Location of characteristic points and course of routes: approach (orange), take-off (green).

The measurement results (A-weighted sound pressure level and 1/3 octave band levels, recorded with
500 ms step) were manually correlated with non-acoustic data: flight records and aircraft trajectories. The
acoustic events detected and labelled this way served as a reference for the results obtained by the analysed
methods.
2.1. Multiple-threshold method

Knowing that we measure the changing rate of the function value as the quotient of the function value
increment to the length of the interval in which the increase took place, we can estimate the variability of
the acoustic signal (A-weighted acoustic pressure level) over time. The proposed methods use the changing
rate between the current value a(t) and the h-th previous sample, a(t-h) according to the following equation:
𝑉𝑉𝑎𝑎 =

𝑎𝑎(𝑡𝑡)−𝑎𝑎(𝑡𝑡−ℎ)
ℎ

,

where a(t) is the recorded sound pressure level.
The obtained waveform is smoothed using the IIR filter:

𝑦𝑦𝑛𝑛 = 𝛼𝛼𝑥𝑥𝑛𝑛−1 + (1 − 𝛼𝛼)𝑦𝑦𝑛𝑛−1 ,

(1)

(2)

where α stands for a smoothness coefficient between 0 (0%) and 1 (100%), xn is the input sample and yn is
the filtered sample. The filtered values are analysed using the set of thresholds Th, TL1, TL2. Exceedance of Th
value detects the beginning of the rising slope, indicating the beginning of the noise event. TL1 corresponds
to the falling slope and triggers detection of TL2 threshold. Exceeding the TL2 value ends the event.
The method assumes that appropriate thresholds allow the detection and classification of an aircraft
noise event. The filter defined in this way introduced time delay, which had to be compensated to obtain
accurate event boundaries. An example of the detected event is shown in Fig. 2. The detection thresholds
were iteratively adjusted to maximize detection efficiency because of different input data characteristics:
difference in time history resolution and measurement point location resulting in different event shape.
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Figure 2. Detected event (top) along with filtered finite difference (bottom)
and thresholds:Th (red), TL1 (blue), TL2 (green).
2.2. Convolutional Neural Network method
The first stage of processing is the detection of noise events fulfilling loose criteria: sound pressure exceeds
65 dBA and is maintained at 63 dBA or higher for at least 8 seconds. Due to a difference in the location of
noise monitoring station in relation to the take-off and approach routes, resulting in an insufficient number
of detected events, the initial criteria were altered to 60 dBA and 58 dBA, respectively. The collected events
were pre-processed to standardize the dimensions of the input to the neural network.
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Figure 3. Sample spectrograms: a) aircraft event, b) non-aircraft event.

The classification of the events was performed by the convolutional neural network (CNN), implemented
in TensorFlow. The complete implementation and sample data are available at
https://github.com/neheller/aircraftnoise. The network design is based on LeNet-5 [15] architecture
enhanced with batch normalization [16] and dropout regularization [17] techniques.
Originally, the network was trained on approximately 900 events whereof majority was labelled as
aircraft noise. In our approach, a larger set of around 2000 events was used. To mitigate the bias [18], the
training samples were evenly distributed: exactly half of them were labelled as aircraft events and the other
half as non-aircraft ones. Contrary to the original approach, we used data from one measurement point,
expecting improved classification.
3. Results and analysis

The detailed analysis shows that the approach presented in the multiple-threshold method allows for more
precise acoustic events extraction in time domain (Fig. 4). Sound exposure level (SEL) calculated for the
presented example is by 0.4 dB higher for the multi-threshold method. However, such performance requires
favourable acoustic conditions: low and stable background noise level, similar source characteristics (route,
operation type, aircraft type).
Table 1 shows the event detection performance for the selected threshold values. The first presented set
displayed the highest accuracy (the lowest number of false-positives and the highest number of truepositives) and it was used in further analysis.
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Figure 4. Extracted events using: a) multi-threshold method,
b) single threshold method (first stage of CNN method).
Table 1. Analysed threshold sets.
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The method is sensitive to changes in the noise event envelope, which can be caused by a varying aircraft
operation type (change from approach to take-off) as well as by the change of aircraft route. The
performance can be potentially improved by changing the thresholds with each change of operating
conditions. Such an approach is often not possible in continuous unattended aircraft noise monitoring.
In this method, event extraction is equivalent to classification. Out of 1138 manually correlated events,
60% were correctly identified using the analysed algorithm, which is significantly less than the reported
93% [13]. 32% of the events were identified incorrectly (false positive).
During the extraction stage of the CNN method with the adopted threshold values, 4829 events were
detected. The excess events were randomly removed for network training purposes. At that stage, 1110 out
of 1138 manually correlated events were extracted.
The network performance was evaluated using 10-fold cross validation, and it was trained 5 times with
random weight initializations for each fold. The validation results are presented in Fig. 5.

Figure 5. Final classification accuracy.

The classification performance obtained during the validation reached 97%, which is consistent with
the original results. The final effectiveness of the method was determined taking into account the correction
for the number of detected events. 95% of the events were correctly identified. The false positive rate was
10%.
4. Future work

Both analysed methods turned out to be most vulnerable at the event extraction stage. Either the number
of extracted events was insufficient, or the events time boundaries were calculated inaccurately. The
discussed methods did not allow for the detection of low-level events, which should ideally be detected in
autonomous aircraft noise monitoring system, allowing for precise long term noise levels calculation. One
of possible solutions for these problems involves combining both presented extraction methods. Another
one, which seems to be the most appealing, moves the extraction stage to the end of the processing, using
continuous measurement results as the input data for the neural network, creating continuous aircraft noise
similarity classifier [20].
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Most research in the aircraft noise detection field focuses on analysing data from a single measurement
point, while most monitoring systems consist of multiple points, located in a certain relation to flight paths.
This additional piece of information can be used for the improvement of aircraft signal detection, even in
acoustically challenging environments in areas which should often be subjected to airborne noise
measurements. The foreseen direction of further work is the use of the combination of convolutional neural
network (CNN) with long-short term memory (LSTM) network architecture [21], capable of capturing
temporal relations between the analyzed data.
5. Conclusions

The performed analysis (Table 2) showed that both methods fulfil the requirements of the ISO 20906:2009
standard [19] (over 50% of successfully detected aircrafts and less than 50% of false events). The results of
the CNN method confirmed by those presented in the original paper [14] seem much more promising,
paving a way for the detection method that will be used in the emerging monitoring system. The CNN
method is definitely more effective than the method based on multiple thresholds.
Method

Multi-threshold method

Table 2. Final performance.

Convolutional neural network method

Identified events
60%

95%

Incorrect events (false positive)
32%

10%

Acknowledgments
This research was co-financed by the Ministry of Education and Science of Poland under the grant No
RJO15/SDW/003_09.
Additional information

The authors declare: no competing financial interests and that all material taken from other sources
(including their own published works) is clearly cited and that appropriate permits have been obtained.

References
1.

M. Basner, C. Clark, A. Hensell, J.I. Hileman, S. Janssen, K. Shepherd, V. Sparrow; Aviation noise
impacts: state of the science; Noise Health 2017, 19(87), 41–50. DOI: 10.4103/nah.NAH10416
2. M. Basner, S. McGuire; WHO environmental noise guidelines for the European region: a systematic
review on environmental noise and effects on sleep; Int. J. Environ. Res. Publ. Health 2018, 15(3), 519.
DOI: 10.3390/ijerph15030519
3. World Health Organisations WHO; Night Noise Guidelines for Europe; WHO Regional Office for
Europe: Copenhagen, Denmark, 2009.
4. M. Basner, W. Babisch, A. Davis, M. Brink, C. Clark, S. Jansen, S. Stansfeld; Auditory and nonauditory
effects of noise on health; Lancet 2013, 383(9925), 1325–1332.
DOI: 10.1016/S0140-6736(13)1613-X
5. M. Kaltenbach, C. Maschke, F. Hess, H. Niemann, M. Führ; Health impairments, annoyance, and
learning disorders caused by aircraft noise; Int. J. Environ. Protect 2016, 6(1), 15–46.
DOI: 10.5963/IJEP0601003.
6. A.A. Faiyetole, J.T. Sivowalu; The effects of aircraft noise on psychosocial health; Journal of Transport
& Health 2021, 22, 101230. DOI: 10.1016/j.jth.2021.101230
7. M. Snellen, R. Merino-Martinez, D.G. Simons; Assessment of noise variability of landing aircraft using
phased microphone array; J. Aircraft 2017, 54(6), 2173–2183.
8. D.G. Simons, I. Besnea, T.H. Mohammadioo, J.A. Melkert, M. Snellen; Comparative assessment of
measured and modelled aircraft noise around Amsterdam Airport Schiphol; Transportation Research
Part D: Transport and Environment 2022, 106, 103216. DOI: 10.1016/j.trd.2022.103216
9. L. Bertsch, D.G. Simons, M. Snellen; Aircraft Noise: The major sources, modelling capabilities, and
reduction possibilities; Technical Report, Deutsches Zentrum Für Luft- und Raumfahrt: Göttingen,
Germany, 2015. DOI: 10.34912/ac-n0is3
10. P. Morrell, C.H.Y. Lu; Aircraft noise social cost and charge mechanisms – a case study of Amsterdam
airport Schiphol; Transportation Research Part D: Transport and Environment 2000, 5(4), 305–320.
DOI: 10.1016/S1361-9209(99)00035-8
6 of 7

Vibrations in Physical Systems, 2022, 33(2), 2022208

DOI: 10.21008/j.0860-6897.2022.2.08

11. R. Merino-Martínez, S.J. Heblij, D.H.T. Bergmans, M. Snellen, D.G. Simons; Improving aircraft noise
predictions considering fan rotational speed; J. Aircr. 2018, 56(1), 284–294. DOI: 10.2514/1.C034849
12. European Civil Aviation Conference; Report on Standard Method of Computing. Noise Contours
around Civil Airports, Vol. 2, 2016.
13. A. Osses Vecchi, M. Glisser Donoso, C.G. Büchi, R. Guzmán López; Comparison of methodologies for
continuous noise monitoring and aircraft detection in the vicinity of airports; Proceedings of the 18th
International Congress on Sound & Vibration, Rio de Janeiro, Brazil, July 10-14, 2011; International
Institute of Acoustics and Vibration: Rio de Janeiro, Brazil, 2011.
14. N. Heller, D. Anderson, M. Baker, B. Juffer, N. Papanikolopoulos; Convolutional Neural Networks for
Aircraft Noise Monitoring; Technical report, 2018. DOI: 10.48550/ARXIV.1806.04779
15. Y. Lecun, L. Bottou, Y. Bengio, P. Haner; Gradient-based learning applied to document recognition;
Proceedings of the IEEE 1998, 86(11), 2278–2324. DOI: 10.1109/5.726791
16. S. Ioffe, C. Szegedy; Batch normalization: Accelerating deep network training by reducing internal
covariate shift; arXiv:1502.03167 2015. DOI: 10.48550/ARXIV.1502.03167
17. N. Srivastava, G. Hinton, A. Krizhevsky, I. Sutskever, R. Salakhutdinov; Dropout: A simple way to
prevent neural networks from overfitting; Journal of Machine Learning Research 2014, 15(56),
1929–1958.
18. Y. Bengio; Practical recommendations for gradient-based training of deep architectures; arXiv: 2012.
DOI: 10.48550/ARXIV.1206.5533
19. ISO, International Standard ISO 20906:2009(E): Acoustics – Unattended monitoring of Aircraft sound
in the vicinity of airports, Geneva, 2009.
20. C. Asensio, M. Ruiz, M. Recuero; Real-time aircraft noise likeness detector; Applied Acoustics 2009,
71(6), 539–545. DOI: 10.1016/j.apacoust.2009.12.005
21. S. Hochreiter, J. Schmidhuber; Long Short-Term Memory; Neural Computation 1997, 9(8), 1735–1780.
DOI: 10.1162/neco.1997.9.8.1735.

© 2022 by the Authors. Licensee Poznan University of Technology (Poznan, Poland). This article is an open
access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/).

7 of 7

