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Abstract: This study is concerned with an advanced noise reduction approach for an infrasound observation system using
a Micro-Electro-Mechanical Systems (MEMS) atmospheric pressure sensor. The infrasound is defined as atmospheric
acoustic waves with frequencies lower than 20 Hz which are in an inaudible range of the human ear, and is excited by
natural phenomena such as volcanic eruptions and tsunamis. In recent years, the MEMS atmospheric pressure sensor
has been used for realizing multipoint observation of the infrasound. However, the noise ratio of the MEMS pressure
sensor is higher than that of the dedicated sensor. In this study, we propose the noise reduction approach using a Finite-
Impulse-Response type Zero-Phase Filter (FIR-ZPF) for visualizing clearly the infrasound. In the acceptable short time
batch processing for updating the infrasound observation data, the FIR-ZPF is useful to the noise reduction with no phase
delay. The efficacy of the proposed noise reduction approach is verified by the experiments with the lifting device for
generating the artificial pressure variations. The three type MEMS atmospheric pressure sensors are installed into the
lifting device. It was shown that the proposed approach using the FIR-ZPF enables to show precisely and clearly the trend
of the atmospheric pressure sensor signal with suppressing the noise.
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1. INTRODUCTION noise components in infrasound signals and proposed the
It is known that global-scale natural phenomena, such MCWGCC-NMF method, which combines spatial and
as tsunamis, volcanic eruptions, and lightning, gener- frequency domain information. This method attempts to
ate acoustic waves called infrasound at the time of oc- extract the signal components using non-negative matrix
currence [1]. The infrasound is defined as atmospheric factorization and generalized cross-correlation, and re-
acoustic waves with frequencies lower than the audible move noise using mask weighting. However, it has been
range of the human ear [2]. Since the human audible noted that when the frequency components of the sig-
frequency range is generally from 20 Hz to 20 kHz, the nal and noise overlap, misclassification of components
upper frequency limitation of the infrasound is approxi- tends to occur, and it is especially limited in suppressing
mately 20 Hz. Due to its long wavelength and low attenu- low-frequency noise. Furthermore, the disaster can be de-
ation caused by air molecule viscosity, the infrasound can tected precisely by spreading widely the sensors for ob-
propagate over thousands of kilometers through the at- serving the infrasound. However, since dedicated sensors
mosphere and has been used as a remote sensing tool for for the infrasound are expensive, it is difficult that a lot of
volcanic eruptions and nuclear tests [3]. In recent years, the sensors are located on the wide area. Therefore, uti-
research on the generation mechanisms and propagation lization of Micro-Electro-Mechanical Systems (MEMS)
characteristics of infrasound caused by earthquakes and atmospheric pressure sensors is promoted for observing
tsunamis has also advanced, and its application for early the infrasound [8]. The MEMS pressure sensors are rea-
disaster detection is expected [4][5]. sonable and expected to be useful for multipoint installa-
A major issue in infrasound observation is the pres- tion and large-scale observation networks. However, the
ence of significant noise within the signal of interest. In MEMS pressure sensor tends to display a lower perfor-
[6], it has been reported that the infrasound detection at mance than the dedicated sensor for the infrasound. The
the Lutzow-Holm Bay in Antarctica is difficult by the noise ratio of the MEMS pressure sensor is especially
noise occurred by the strong winds. Thus, the noise re- higher than that of the dedicated sensor.

duction method in which the porous hoses are connected
to the detector has been proposed. However, it has the
problems that the large area is needed for implementing
the hoses and the performance of the infrasound detec-
tion method can be influenced by the prous hose struc-
ture such as the volume and number of the inlet. In
[7], Dai, et al. pointed out the significant influence of

In this study, we propose the noise reduction approach
of the MEMS atmospheric pressure sensor for the in-
frasound observation. In general, a Infinite-Impulse-
Response type Low-Pass Filter (IIR-LPF) is used to re-
duce the noise on the sensing signal. In the infrasound
observation, it is, however, difficult to confirm accurately
the occurrence time of disaster from the signal processed
 Genki Shimizu is the presenter of this paper. by IIR-LPF because of phase delay caused by IIR-LPF.
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Fig. 1: Infrasound observation system using MEMS at-
mospheric pressure sensor

Therefore, we assume that short-time batch processing is
acceptable for observing the infrasound, since the target
frequency range of the infrasound observation is much
lower than the sampling frequency of the MEMS sensor.
In this assumption, a Finite-Impulse-Response type Zero-
Phase Filter (FIR-ZPF) can be applied for the noise re-
duction of the sensing signal by the MEMS pressure sen-
sor. The efficacy of the proposed approach is verified by
implementing to MEMS pressure sensors installed into
the lifting device. Moreover, the proposed approach is ap-
plied to three type MEMS atmospheric pressure sensors
for the comparative verification of sensors performance.

2. INFRASOUND OBSERVATION
SYSTEM USING MEMS
ATMOSPHERIC PRESSURE SENSOR

The system configuration of the infrasound observa-
tion system in this study is shown in Fig. 1. In this
system, the atmospheric pressure can be detected by the
MEMS sensor, and the sensor signal is processed in the
microcomputer for reducing the noise in the signal and
sending the processed data to a cloud platform for infra-
sound analysis though a Wi-Fi network. The sampling
time of the atmospheric pressure is 10 millisecond. In the
microcomputer, batch processing is performed, and the
processed data is sent to the cloud platform every a few
hundred milliseconds.

3. NOISE REDUCTION BY FIR-ZPF

One of ideal low-pass filter is a Zero-Phase Filter
(ZPF) which has no phase delay and enables to reduce
adequately noise over a cut-off frequency. The ZPF on
frequency domain can be represented as

(lwf < we),

1
(o] > we), v
where w is the angular frequency and w. is the cut-off an-
gular frequency. Since the ZPF in Eq. (1) consists of real
numbers on frequency domain, it does not have the phase
delay. Moreover, the noise over the cut-off frequency can
be dampen completely by applying the ZPF. By perform-
ing the inverse Fourier transform to Eq. (1), we can derive
the ZPF on time domain as
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where 7 is the time based on the target time 7, as 7
=1 - 1. The ZPF can be represented by a sinc function
on the time domain. The sinc function in Eq. (2) can be
approximated with discrete time as
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where « is the sampling number based on the target
time, and 7 is the sampling time. For implementing
the discrete-time sinc function in Eq. (3) to the micro-
computer, the window function with the width —r,, /2 <
Kk < Ky /2 is set to Eq. (3). In the case of applying the
window function, the ripple on the frequency domain can
be caused by discontinuities on the edges of the window
function. Therefore, we provide a hann window as the
window function as

w(k) =
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The FIR-ZPF can be realized by convolving the sensor
signal with the sinc and the window functions as

K /2

S h(k) w(k) pu(k + k).
K=—Fay /2

where p; is the processed data by the FIR-ZPF, and
ps is the original sensor signal from the MEMS sensor.
kg is the sampling number at the target time, that is
tyg = kigTs. The overview of the FIR-ZPF is shown
in Fig. 2. In the FIR-ZPF, the sinc function with the hann
window is spanned within the window centered at the tar-
get time ¢;4. In the case that the time span of the window
is within that of the batch process, the FIR-ZPF derived
in this study can be performed, and the noise over the cut-
off frequency in the sensor signal can be reduced with no
phase delay.

In addition, if it is required to perform a Finite-
Impluse-Response type Low-Pass Filter (FIR-LPF) in
real time, the target time is set to the present time and
the following convolution can be performed:

pylkig) = &)

prlkig) = Y hm)wm)pe (kg — 5+ 5). 6

Therefore, a time delay x,,/2 is occurred in the FIR-LPF.
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Fig. 2: Infrasound observation system using MEMS at-
mospheric pressure sensor

4. EXPERIMENTAL VERIFICATION

The efficacy of the proposed noise reduction ap-
proach using the FIR-ZPF is verified by the experi-
ments with the three-type MEMS atmospheric pressure
sensors, BME280(Bosch) [9], BMP581(Bosch) [10] and
DPS310(Infineon) [11]. The specifications of the MEMS
sensors are shown in Table. 1. In the experiments, the
MEMS sensors are moved vertically by the linear actua-
tor as shown in Fig. 3. The variation of the infrasound can
be simulated by moving vertically using the linear actua-
tor. The MEMS sensors are fitted to the lifting stage on
the linear actuator. The artificial pressure variations with
the frequency 1 Hz are produced in the experiments. And,
the total amplitudes of the pressure variations are set as
10 Pa and 5 Pa. The experimental results are shown in
Fig. 4. The graphs from (a) to (c) in Fig. 4 show the re-
sults in the experiments with the total amplitude 10 Pa of
the pressure variations. The graphs from (d) to (f) show
those with the total amplitude 5 Pa. The graphs (a) and
(d), the graphs (b) and (e) and the graphs (c) and (f) are
the results of BME280, BMP581 and DPS310, respec-
tively. The black, the green, the yellow and the red lines
are the original sensor signals, the data processed by the
IIR-LPF, the FIR-LPF and the FIR-ZPF, respectively. In
the all filters, the cut-off frequency is given as 1.5 Hz. In
the FIR-LPF and the FIR-ZPF, the time span of the hann
window is 0.2 seconds.

The results of the IIR-LPF have the lowest responses
in the all sensors in this study. The results of the FIR-LPF
have the longest delay in the all sensors. The processed
data by the FIR-ZPF enables to show precisely the trend
of the sensor signal with suppressing the noise. The to-
tal amplitudes of the all sensors are slightly larger than
the setting parameter of the total amplitude. It is due to
inertia influence in the vertical motion of the sensors.

Furthermore, we perform the comparative verification
of the three-types MEMS atmospheric pressure sensors
with the FIR-ZPF processing. In order to reduce the in-
ertia influence in the sensor motion, the lifting stage is
moved with a trapezoidal curve designed to produce the
pressure variation of +5 Pa. The experimental results are
shown in Fig. 5. The graphs (a), (b) and (c) show the
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Fig. 3: Experimetal apparatus

results of BME280, BMP581 and DPS310, respectively.
The black and the red lines are the original sensor sig-
nal and the data processed by the FIR-ZPF, respectively.
The result of DPS310 indicates precisely the setting max-
imum pressure. Therefore, it was confirmed that the at-
mospheric pressure can be detected precisely by DPS310
with the noise reduction using the FIR-ZPF.

S. CONCLUSION

In this study, we proposed the noise reduction ap-
proach using the FIR-ZPF in the infrasound observation
system using the MEMS atmospheric pressure sensor. In
the acceptable short time batch processing for updating
the infrasound observation data, the FIR-ZPF is useful
to the noise reduction with no phase delay. In the ex-
perimental verification, it was confirmed that the pres-
sure data processed by the FIR-ZPF enables to show pre-
cisely the trend of the atmospheric pressure sensor sig-
nal with suppressing the noise. Furthermore, the low-
frequency atmospheric pressure can be visualized clearly
by DPS310, which is a capacitance-type MEMS sensor,
with the noise reduction approach using the FIR-ZPF.
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Table 1: Specifications of evaluated MEMS pressure sensors.

Model Manufacturer Type Meas. range (kPa) | Resolution (Pa) | Abs. accuracy (Pa) | Rel. accuracy (Pa) | Meas. noise (Pa) | Temp. coeff. (Pa/K)
BME280[9] Bosch Piezoresistive 30-126 0.18 +100 +12 0.2 +1.5
BMP581[10] Bosch Capacitive 30-125 0.016 +30 +6 0.08 +0.5
DPS310[11] Infineon Capacitive 30-120 0.06 +100 +6 0.2 +0.5
(a) sensor: bme280,Total Amplitude: 10Pa /Total Amplitude: 10Pa (c) sensor: dps310,Total Amplitude: 10Pa
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Fig. 4: Experimental results of atmospheric pressure detection by three-type MEMS sensors in artificial pressure variation
using linear actuator.
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Fig. 5: Experimental results of atmospheric pressure detection by three-type MEMS sensors in artificial pressure variation
with trapezoidal curve
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