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Abstract. This paper was presented a design of aircraft noise monitoring system using
microcontroller. This system is for monitoring noise levels to make it easier to analyze and measure
noise that can be accessed remotely. Noise monitoring has been carried out at the Soekarno-Hatta
International Airport for the Boeing 737-800 aircraft type which is located in the line 11 hangar 4
area. Where the airport is located close to residential areas, therefore it requires a noise monitoring
system. The noise measurement results can be accessed via a browser with IP address access
(Internet Protocol) from a local server esp32 and also 0.96 inc OLED. Taking the noise value for 10
seconds with data samples every 1 second with aircraft noise sources consisting of APU (Auxiliary
Power Unit), dual pack on and engine motoring. With each noise value of 61.5 dB, 75.6 dB and 82.5
dB.
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1. Introduction

Airplane noise impact is an important issue for main airports all over the world [1]. Aircraft noise
continues to be an issue at many airports, especially where capacity expansions are under way or
are being considered [2]. Noise pollution affects human health and well-being [3]. Noise pollution
around airports continues to be the most significant cause of adverse community reaction towards
airports [4]. Noise generating from landings and takeoffs at an airport remains critical issue for
residents [5].

Airports encourage development but should also impose some restrictions on the use of
residential land around airports and they are generally disturbed due to high levels of aircraft noise
emissions [6]. The problem arises when aircraft noise nuisance and imposed land use restrictions
overlap [7]. Aircraft noise disturbance is a subjective issue related to the perception or tolerance of
nuisance and actual noise level [8]. The variation among individuals in response to effects of
aircraft noise is often conceptualized as noise sensitivity [9].

Many studies to measure and analysis aircraft noise levels such as aircraft noise exposure maps
using Integrated Noise Model, noise classification using artificial neural networks [10], noise
classification using artificial neural networks [11], Neural Prediction of Aircraft Noise Levels [12],
IoT-Based Technology [13], OpenSky Tracking Data [14].

Microcontroller has been used as a device for monitoring and control systems [15]. The
monitoring system can be done with a microcontroller device with wireless communication [16].
This research focuses on designing an aircraft noise monitoring system using the NodeMCU esp32
microcontroller. To detect noise, a sound sensor is used to detect aircraft noise under maintenance
and a 0.96" OLED is used to display the noise value in dB units. Noise detectors are applied in the
hangar.
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2. Research Methodology
The system was designed by having several blocks, namely: input block, the microcontroller and
output block. The whole system can be seen in Fig. 1. Detailed explanations of each block are as

follows
user
Pre-amp —

Esp32

Sound sensor

\d

RTC OLED

l

Figure 1. Block diagram of proposed system

The noise monitoring system device consists of a KY-037 sound sensor, NodeMCU esp32, op-
amp IC LM358, 0.96 inch OLED display and RTC for timing. The signal from the sound sensor is
amplified using IC LM358 and sent to pin A0 esp32 to be converted from analog to digital. Esp32 is
connected to a computer with a USB connector. OLED is used to display noise measurement results.
Esp32 transmits data signal via wifi to be accessed wirelessly by user.
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Figure 2. Flowchart of Proposed System

password

The program for the monitoring system on the microcontroller uses C language with Arduino IDE

software. The data program for the esp32 has the following functions:

1. Reads input data from the sound sensor and pre-amp amplifier

2. Process analog to digital input signal

3. Displays the output data and displays it on the OLED and also devices connected to wifi for data
access via the local web.

The sound signal that has been detected by the sensor is amplified by a pre-amp circuit using the
LM358 IC. The amplified signal is connected to the ADC via pin 34 esp32. OLED displays the noise
value in dB. To display the noise value remotely by accessing the IP address in the browser by
opening index.html as esp32 webserver.
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3. Results and Discussions
3.1Sound sensor test in hangar

Sound sensor testing to obtain accuracy values by comparing sensor data with standard measuring
instruments. The graphic data shown in Figure 3 is the average value for 6 seconds of data
collection with 1 data per second.
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Figure 3. Measurement comparison between sensor and actual

The KY-037 sensor has the ability to read noise values in decibels in the value range of 49-89 dB
for monitoring software capabilities in the range of 47-87 dB, so beyond that value the sensor
cannot read it. There is no significant difference between the actual reading and the proposed tool

with error value < 5 %. Display noise software called sound meter which can be downloaded on
playstore for free
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Figure 4. Web monitoring display for hangar

3.2Noise Monitoring of Auxiliary Power Unit

APU (Auxiliary Power Unit) is a unit in an aircraft that provides electricity and pneumatic sources,
especially when the aircraft is on the ground. When the aircraft is in the hangar, the APU can be
operated only when the aircraft is nose in (the APU is facing out of the hangar). Even if the APU is

pointing out of the hangar, it can still cause noise in the hangar. The following is data on the noise
value in the hangar when the APU is operating
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Figure 5. Noise monitoring of auxiliary power unit
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3.3Noise Monitoring of Dual Pack ON

Dual pack provides air conditioning for IFE (In Flight Entertainment) maintenance, regulates cabin
pressure and packs assessment during aircraft maintenance. When the dual pack on operates
simultaneously with the APU on because the APU is the pneumatic source for ACM (Air Cycle

Machine) operation. The following is the data on the noise value in the hangar when the dual pack
on operates:
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Figure 6. Noise monitoring of dual pack ON

3.4Noise Monitoring of Engine Motoring

Engine motoring during hangar which is the source of the highest noise because the engine rotates
but there is no fuel supply and ignition in the combustion chamber so that combustion does not
occur. The operation of the engine motoring coincides with the operation of the APU because the
APU is the pneumatic source for the engine starter. The following is data on the noise value in the
hangar when the motoring engine is operating:
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Figure 7. Noise monitoring of engine motoring

The comparison of the noise levels of the three parameters, namely APU, dual pack on and

engine motoring, can be seen in Figure 8. In accordance with government regulations, the noise
level for office areas is 65 dB.
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Figure 8. Noise level comparison
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From the three data in Figure 8 shows that the noise value for dual pack on and engine motoring
exceeds the noise threshold according to government regulations. To reduce noise exposure, it is
recommended to wear PPE (Personal Protective Equipment) such as earmuffs or ear plugs when
operating the motoring and dual pack on engines.

4. Conclusions

From the results of the analysis, it can be concluded that the aircraft noise monitoring device in the
hangar works as expected. This device is capable of detecting and displaying noise values in
decibels in the range of 49 dB to 89 dB and has an error of < 5% when testing the KY-037 sound
sensor. According to the state minister for the Environment in 1996, it was stated that the noise for
office areas was 65 dB and in this study, it was obtained when the engine motoring and dual pack
on produce noise > 65 dB, so it is important to use PPE (Personal Protective Equipment) related to
the ear such as ear plugs, and ear muff to reduce noise exposure.

References

[1] Rosin, Christophe & Barbo, B,” Aircraft Noise Monitoring: Noise Level Shape and Spectrum
Pattern Recognition Applied to Aircraft Noise Detection”, 2010

[2] Nelson, ]J.P,”"Meta-Analysis Of Airport Noise And Hedonic Property Values : Problems And
Prospects,” Journal of Transport Economics and Policy, 38, 2004

[3] Falih, Ahmed & Qasim, Ali & Saleh, Basma & Tahlok, Walaa,” Design and Implementing
System to Study Environmental Noise Pollution Using Microcontroller”, Indian Journal of
Forensic Medicine & Toxicology, 2020

[4] Zaporozhets, Oleksandr,” Aircraft Noise Models for Assessment Of Noise Around Airports -
Improvements And Limitations, 2016

[5] Veng Kheang & TERADA, Junro & HIRATA, Terumitsu & Yai, Tetsuo,” Analysis of Aircraft
Noise Sensitivity at an Urban Airport Using the Concept of a Reference Noise Level”, Asian
Transport Studies,3. 345-361. 10.11175/eastsats.3.345, 2015

[6] Heleno, Tarcilene & Slama, Jules & Maldonado Bentes, Flavio,” Analysis of airport noise
through LAeq noise metrics”, Journal of Air Transport Management. 37. 5-9, (2014

[7] Batdg, Jacek & Forys, Iwona & Gaca, Radostaw & Gluszak, Michal & Konowalczuk,]Jan,”
Investigating the Impact of Airport Noise and Land Use Restrictions on House Prices:
Evidence from Selected Regional Airports in Poland,” Sustainability. 2019.

[8] Berglund, B., Lindvall, T., Nordin, S. (1990). Adverse effects of aircraft noise. Environmental
International, 16, 315-338.

[9] Smith, A,” The concept of noise sensitivity: Implication for noise control. Noise & Health, 5,
57-59,2003

[10] P. Andarani, T. Istirokhatun, G. Suhariani and W. Budiawan, "Model simulations of noise
pollution due to departures and approaches of passenger aircrafts around Achmad Yani
airport Semarang — Indonesia,” 2016 2nd International Conference of Industrial, Mechanical,
Electrical, and Chemical Engineering (ICIMECE), 2016

[11] B. D. Barkana and I. Saricicek, "Environmental Noise Source Classification Using Neural
Networks," 2010 Seventh International Conference on Information Technology: New
Generations, 2010, pp. 259-263, doi: 10.1109/ITNG.2010.118.

[12] T. Cerqueira Revoredo, . Ghislain Slama and F. Mora Camino, "Neural Prediction of Aircraft
Noise Levels Along a Flight Trajectory,” in IEEE Latin America Transactions, vol. 13, no. 5, pp.
1313-1320, May 2015, doi: 10.1109/TLA.2015.7111984.

[13] Abba, Sani & Beauty, Patrick.,”Smart Framework for Environmental Pollution Monitoring and
Control System Using [oT-Based Technology. Sensors and Transducers. 229. 84-93, 2019

[14] Dekoninck L. Detecting and Correlating Aircraft Noise Events Below Ambient Noise Levels
Using OpenSky Tracking Data. Proceedings. 2020

91



Ridwan & Pangaribowo, IJATEC, Vol. 02, No. 2 (2021) 87-92

[15] A. Adriansyah and A. W. Dani, "Design of Small Smart Home system based on Arduino," 2014
Electrical Power, Electronics, Communicatons, Control and Informatics Seminar (EECCIS), pp.
121-125,2014

[16] Yudhi Gunardi, Andi Adriansyah, Tito Anindhito, "Small smart community: An application of

internet of things. ARPN Journal of Engineering and Applied Sciences, Vol.10, pp. 6341-6347,
2015.

92



