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80-233 Gdańsk, Poland; roksana.licow@pg.edu.pl (R.L.); natalia.brzozowska@pg.edu.pl (N.K.-B.);
karol.daliga1@pg.edu.pl (K.D.); piotr.chrostowski@pg.edu.pl (P.C.); mszafran@pg.edu.pl (M.S.);
tadwid@pg.edu.pl (T.W.); slawomir.grulkowski@pg.edu.pl (S.G.)

* Correspondence: jacek.skibicki@pg.edu.pl; Tel.: +48-58-347-29-71

Abstract: Environmental noise pollution is nowadays one of the most serious health threats. The
impact of noise on the human body depends not only on the sound level but also on its spectral
distribution. Reliable measurements of the environmental noise spectrum are often hampered by
the very high price of top quality measuring devices. This paper explores the possibility of using
much cheaper audio recorders for the frequency analysis. Comparative research was performed
in laboratory and field conditions, which showed that, with some limitations, these devices can be
useful in analyzing the frequency of environmental noise. This provides an opportunity for reducing
the cost of noise analysis experimental work.

Keywords: environmental noise measurement; spectral analysis; sound measurement devices;
railway transport

1. Introduction

Environmental noise has a negative impact on human well-being and health, and
excessive exposure to it, in addition to the obvious effect, i.e., hearing loss, causes a number
of other diseases and ailments such as cardiovascular diseases, poorer concentration,
increased stress levels, increased sugar and cholesterol levels, decreased immunity, sleep
disorders and even mental illnesses [1–24]. For this reason, monitoring environmental
pollution by noise is an important issue. The main sources of environmental noise in the
human environment are transport and industry [25–35]. The nuisance of a given noise
results not only directly from its intensity, but also from the acoustic signal spectrum [36–42].
This is due to the non-linear sensitivity of the human ear to particular sound frequencies.
As a rule, the most annoying noise is in higher parts of the acoustic spectrum. To assess the
noise level and its spectral distribution, the so-called sonometers, i.e., sound level meters
measure the sound pressure level. They allow for the immediate control of the noise level
and analysis of the frequency spectrum. However, top quality sound level meters are very
expensive devices, while cheap ones do not fulfil their purpose due to the use, during their
production, of low-class technical components. In particular, the spectral analysis of noise,
performed using cheap sonometers, is impossible due to the very limited bandwidth of
their measurement microphones. An alternative to the usage of high-class sonometers may
be to apply audio recorders, which are much cheaper but often equipped with high-quality
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built-in microphones with a wide acoustic band; sometimes they allow for the connection of
external microphones. Of course, audio recorders do not allow for the direct measurement
of sound intensity due to their ability to adjust the recording level. This assessment is only
possible by comparison with a sonometer. However, it seems that they can be used for noise
spectrum analysis. This paper assesses the suitability of a relatively cheap audio recorder
with an external microphone for the spectral analysis of environmental noise. The impetus
for the creation of this paper was also research assessing the usefulness of smartphones for
the environmental noise analysis [43–47]. The positive results of the studies cited above
provide the basis for attempting to use audio recorders as devices that can be useful to
assess environmental noise.

2. Subject and Methodology of Research

During the conducted research, usefulness of a portable audio recorder TASCAM—
model DR-40X (made by TASCAM Company, Montebello, CA, USA) for spectral analysis
of environmental noise has been assessed. Both microphones built into the device and the
external condenser microphone from AKG—model P170 (made by AKG Acoustic, Vienna,
Austria)—have been checked. The first-class sound level meter from Bruel & Kjaer—model
2250 Light (made by Bruel & Kjaer Sound and Vibration Measurement A/S, Næerum,
Denmark)—has been used as a reference device. From the metrological point of view, a
first-class sound level meter is a device which meets the requirements of the IEC 61672-1
standard [48]. The above-mentioned standard defines a number of parameters related to
linearity, operating temperature range, frequency response, etc., which the meter must meet
to be considered as a first-class device. The detailed interpretation of this standard, which is
binding in Poland, specifies that the extended uncertainty of the sound level measurement
(with level of confidence 95%) cannot exceed the value of U95 = 3 dB [49].

Table 1 presents a summary of the main technical parameters of the used equipment.

Table 1. Summary of main technical parameters of used equipment.

Device Main Parameters

B&K 2250-L 1 Dynamic range 120 dB
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135 dB SPL 
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Approximate price 80 EUR 
1 www.bksv.com; 2 www.tascam.eu; 3 www.akg.com. (accessed on 1 July 2023). 

Max. sound level 140 dB
Frequency range 5 Hz–20 kHz
Self-noise level 16.6 dB(A)

Approximate price 9000 EUR
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Comparative research was carried out in two stages. First, measurements were made
in controlled conditions, i.e., using a known acoustic signal recorded in a room with a high
degree of sound attenuation. In the second stage, the results obtained in field conditions
when measuring environmental noise emitted by trains running on the railway line were
compared. In both cases, differences in the spectrum of the signal recorded by individual
devices were analyzed in detail.

www.bksv.com
www.tascam.eu
www.akg.com
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3. Results
3.1. Results of Laboratory Experiments

Laboratory research was performed in a well-soundproofed chamber, whose approxi-
mate dimensions are width 212 cm; length 565 cm; height 250 cm. The walls and ceiling
were covered with sound-absorbing material, while the floor was a double-layer one with
layers separated by sound-damping material. Thanks to this, good insulation from external
sounds was obtained, despite the fact that the room itself only partially meets the require-
ments for anechoic chambers. The background noise level in the chamber was about 18 dB.
An overview of the room during the tests is shown in Figure 1.
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Figure 1. Equipment arranged in an acoustically insulated chamber.

Two types of waveforms were used as test signals, namely white noise and a chirp
signal, i.e., sound with a smoothly changing frequency in the acoustic band area. The sound
source was two active PreSonus Eris E5 monitors (made by PreSonus Audio Electronics,
Inc., Baton Rouge, LA, USA). For the first test signal, the results were subjected to spectral
analysis, while in the second case, the time waveforms of the relative sound level were
compared. The shape of the response, both spectral and time, reflects the image of loud-
speaker and chamber-resultant frequency characteristics. From the subject analysis point
of view, this does not matter, because the interesting issue is the differences between the
individual devices not the frequency characteristic of a given element. Microphones of the
recording equipment were placed at the height of the tweeter speaker (95 cm above the
floor), at a distance of about 130 cm. The devices were located in the central part of the
chamber, halfway across its width. During registration, individual devices were placed in
the same place, on the symmetrical axis lying between the loudspeakers (differently than
shown in Figure 1). This allowed us to obtain the repeatability of registration conditions
for all the individual devices. The acoustic signals were recorded alternately by individual
devices. Due to the very good measurements repeatability, the results of single recordings
were selected for comparison.

A comparison of the spectral analysis results for signals recorded by individual devices
is shown in Figure 2. The source sound during this analysis was white noise.
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Figure 2. Comparison of spectral analysis results obtained for signals recorded by individual devices.

The comparison of results presented in Figure 2 shows that, in the frequency range
from 100 Hz to 10 kHz, the spectrum for all three devices is very similar. Small differences in
the level do not exceed several dB. A slightly lower compliance in the range from 3 to 10 kHz
results from the presence of standing waves in the chamber which, in combination with
small differences in individual microphone transducer positions in space, gave the effect
of some differences in the spectrum shape. Greater deviations between the reference and
other devices are present in the areas of very low and very high frequency. They are caused
by less linear frequency responses of microphones embedded in the TASCAM recorder
and AKG microphone in comparison with the reference instrument—with 2250L Bruel
& Kjaer meter. However, the AKG microphone clearly has better frequency parameters
compared to the built-in TASCAM microphone, which would contradict the parameters of
both devices provided by their manufacturers.

The comparison results of sound level changes in time for the chirp signal, which is
shown in Figure 3, confirm the frequency analysis results. Both trials generally confirm
the usefulness of cheaper devices for testing environmental noise acoustic spectra. The
justification for this conclusion is the lack of local spectrum deviations between devices,
which could be misinterpreted in measurements.
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3.2. Results of Field Experiments

In order to confirm the laboratory research results, all the three analyzed devices
were compared in field conditions. For this purpose, environmental noise generated by
a passing train was measured. All the recording devices were located in accordance with
requirements of the ISO 3095 standard [50]. Measurements were performed in a flat-
terrain area. During the measurement, the air temperature oscillated around 12 ◦C, with a
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relative humidity of 45%. The comparison of the results obtained for two selected electrical
multiple units (EMUs) are shown in Figures 4 and 5. Registrations were made during a
single passage of each train. The speed of both EMU’s was approximately 110 km/h.

Metrology 2023, 3, FOR PEER REVIEW  5 
 

 

In order to confirm the laboratory research results, all the three analyzed devices 

were compared in field conditions. For this purpose, environmental noise generated by a 

passing train was measured. All the recording devices were located in accordance with 

requirements of the ISO 3095 standard [50]. Measurements were performed in a flat-

terrain area. During the measurement, the air temperature oscillated around 12 °C, with 

a relative humidity of 45%. The comparison of the results obtained for two selected 

electrical multiple units (EMUs) are shown in Figures 4 and 5. Registrations were made 

during a single passage of each train. The speed of both EMU’s was approximately 110 

km/h. 

 

Figure 4. Comparison for noise spectrum generated by EMU ED160. 

 

Figure 5. Comparison for noise spectrum generated by EMU EN57. 

The results recorded in field conditions confirm the dependencies observed during 

laboratory measurements. Basically, there is a compatibility of spectra shapes for each 

device in the frequency range from 100 Hz to 10 kHz. As a result of sound recording in 

the open area, and thus a lack of the standing wave effect characteristic for closed rooms, 

a better compatibility of individual spectra for frequencies from 3 to 10 kHz is visible. The 

most significant differences in comparison to the reference device occur in the infrasound 

range. The reason for this feature is the frequency characteristics of the microphones, both 

built into the TASCAM recorder and the external AKG one. Neither of them has a good 

frequency response below 20 Hz, so the infrasound, as well as the ability to conduct very 

low sounds in the 20–60 Hz band, is slightly limited. 

The frequency response of the reference instrument reaches 5 Hz. However, it should 

be remembered that legal provisions regarding environmental noise measurements do 

not require infrasound measurements. 

4. Discussion and Conclusions 

The considerations presented in this paper were aimed at checking the usefulness of 

using cheap audio recorders for environmental noise spectral measurements. Conclusions 

Figure 4. Comparison for noise spectrum generated by EMU ED160.

Metrology 2023, 3, FOR PEER REVIEW  5 
 

 

In order to confirm the laboratory research results, all the three analyzed devices 

were compared in field conditions. For this purpose, environmental noise generated by a 

passing train was measured. All the recording devices were located in accordance with 

requirements of the ISO 3095 standard [50]. Measurements were performed in a flat-

terrain area. During the measurement, the air temperature oscillated around 12 °C, with 

a relative humidity of 45%. The comparison of the results obtained for two selected 

electrical multiple units (EMUs) are shown in Figures 4 and 5. Registrations were made 

during a single passage of each train. The speed of both EMU’s was approximately 110 

km/h. 

 

Figure 4. Comparison for noise spectrum generated by EMU ED160. 

 

Figure 5. Comparison for noise spectrum generated by EMU EN57. 

The results recorded in field conditions confirm the dependencies observed during 

laboratory measurements. Basically, there is a compatibility of spectra shapes for each 

device in the frequency range from 100 Hz to 10 kHz. As a result of sound recording in 

the open area, and thus a lack of the standing wave effect characteristic for closed rooms, 

a better compatibility of individual spectra for frequencies from 3 to 10 kHz is visible. The 

most significant differences in comparison to the reference device occur in the infrasound 

range. The reason for this feature is the frequency characteristics of the microphones, both 

built into the TASCAM recorder and the external AKG one. Neither of them has a good 

frequency response below 20 Hz, so the infrasound, as well as the ability to conduct very 

low sounds in the 20–60 Hz band, is slightly limited. 

The frequency response of the reference instrument reaches 5 Hz. However, it should 

be remembered that legal provisions regarding environmental noise measurements do 

not require infrasound measurements. 

4. Discussion and Conclusions 

The considerations presented in this paper were aimed at checking the usefulness of 

using cheap audio recorders for environmental noise spectral measurements. Conclusions 

Figure 5. Comparison for noise spectrum generated by EMU EN57.

The results recorded in field conditions confirm the dependencies observed during
laboratory measurements. Basically, there is a compatibility of spectra shapes for each
device in the frequency range from 100 Hz to 10 kHz. As a result of sound recording in
the open area, and thus a lack of the standing wave effect characteristic for closed rooms, a
better compatibility of individual spectra for frequencies from 3 to 10 kHz is visible. The
most significant differences in comparison to the reference device occur in the infrasound
range. The reason for this feature is the frequency characteristics of the microphones, both
built into the TASCAM recorder and the external AKG one. Neither of them has a good
frequency response below 20 Hz, so the infrasound, as well as the ability to conduct very
low sounds in the 20–60 Hz band, is slightly limited.

The frequency response of the reference instrument reaches 5 Hz. However, it should
be remembered that legal provisions regarding environmental noise measurements do not
require infrasound measurements.

4. Discussion and Conclusions

The considerations presented in this paper were aimed at checking the usefulness of
using cheap audio recorders for environmental noise spectral measurements. Conclusions
of the conducted research clearly indicate that such devices may be useful, with certain
limitations. If the basic acoustic spectrum is taken into account, i.e., the frequency range
from 30 Hz to 15 kHz, the correspondence between results obtained from cheap and
reference instruments is very good. Differences are visible only at edges of the acoustic
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band and in close ultrasound and infrasound areas. Especially in this last part of the
spectrum, the results obtained from cheap devices are different than those registered
by the reference one. However, it should be noted that the difference lies only in the
acoustic level and relative level compared to other frequencies of the acoustic band, while
the characteristic frequencies which appear in these areas of the spectrum are visible
for all the analyzed recording devices. Having the possibility of comparative tests with
a first-class sound level meter, we can determine the deviation of the cheaper device
frequency response and correct it by way of calculation. Better results could certainly be
obtained by microphones with more flat frequency characteristics. Hence, further research
will be aimed at testing other types of external microphones. Having the option of a
comparison with a first-class sound level meter, we are provided with an opportunity
to calibrate a cheaper device for the possibility of noise-level measuring. The need for
calibration and comparison is a certain limitation with regard to using a cheaper recording
device. Nevertheless, the results shown indicate the possibility of employing cheaper
sound recording devices for the spectral analysis of environmental noise, which allows for
a significant reduction in the costs of experimental work. The possibility of a cost reduction
is particularly important in the case of research which requires the usage of numerous
microphones, e.g., during analysis or acoustic field distribution or during environmental
noise measurements performed simultaneously within a larger area. However, it should be
remembered that if it is necessary to measure the noise level, it is obligatory to calibrate
cheaper recorders by comparing them with a first-class meter device.
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portem. Dz. Ustaw 2011, 140, 8505–8532. (In Polish)

50. EN ISO 3095:2013; Acoustic—Railway Applications—Measurement of Noise Emitted by Rail Bound Vehicles. Polski Komitet
Normalizacyjny: Warszawa, Poland, 2013.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.apacoust.2019.03.020
https://doi.org/10.1016/0003-682X(89)90067-4
https://doi.org/10.1063/1.4902453
https://doi.org/10.1016/S0022-460X(73)80032-X
https://doi.org/10.21595/jme.2023.23279
https://doi.org/10.4103/1463-1741.140495
https://www.ncbi.nlm.nih.gov/pubmed/25209033
https://doi.org/10.1016/j.apacoust.2015.12.012
https://doi.org/10.1016/j.apacoust.2018.04.011
https://doi.org/10.53433/yyufbed.894712
https://doi.org/10.3390/urbansci3040111

	Introduction 
	Subject and Methodology of Research 
	Results 
	Results of Laboratory Experiments 
	Results of Field Experiments 

	Discussion and Conclusions 
	References

