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As part of the research conducted, the correctness of the serial peripheral interface (SPI) commu-
nication was tested using the Raspberry Pi 4B. The purpose of the experiment was to confirm the
possibility of stable data exchange between the control unit and external peripheral circuits, with
particular emphasis on analog-to-digital converters and micro-electro-mechanical systems (MEMS)
sensors. The tests showed correct and stable operation of the SPI bus for both unidirectional and
bidirectional transmission, and confirmed the usefulness of SPI in measurement systems requir-
ing precise and fast data transfer. The experiments provide a basis for further work with real-time
sensors and data acquisition systems under dynamic conditions.
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1. Introduction

The recording of shock wave parameters is the basis of a significant amount of research
aimed at improving the safety of military vehicle crews (Baranowski et al., 2020; Pyka et al.,
2025). A significant parameter measured in such experiments is the acceleration, which can reach
a value of several hundred g in less than a few milliseconds (Kciuk et al., 2022). It is particularly
important to register this parameter since the forces resulting from these accelerations through
the impact of the vehicle’s structure are transmitted directly to the crew, which can lead to
death or serious injuries such as spinal cord fracture (Elsayed & Atkins, 2008). Measurements of
rapidly changing acceleration values are also used in civilian industry, an example of this type
of research is car crash tests (Dima & Covaciu, 2017; Olvey et al., 2004). The recording of shock
wave parameters also provides a reference for numerical simulations (Arkusz et al., 2019; Erdik
et al., 2016; Wrazidło et al., 2025).
The most commonly used sensors for acceleration measurements are devices based on micro-

electro-mechanical systems (MEMS) technology. These are defined as minimized mechanical and
electromechanical components (with dimensions of a few hundred micrometers at most) (Covaciu
& Dima, 2017). An accelerometer is essentially a capacitive or piezoresistive device consisting
of a suspended pendulum proof mass/plate assembly. In the case of capacitive accelerometers,
the displacement of the test mass induces a change in capacitance of the capacitor, allowing the
determination of acceleration (Sethuramalingam & Vimalajuliet, 2010). The primary parameters
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that define the applicability of a given accelerometer within a specific application are the output
range and measurement resolution. Nonetheless, in the context of research investigating the
impact of shock waves on human health, two crucial factors must be given due consideration.
Firstly, the frequency bandwidth carried by the sensor and, secondly, the sampling frequency of
the entire measurement system. In order to record a peak of acceleration values lasting only a few
milliseconds during the measurement process, the sampling frequency must be sufficiently high.
In the process of designing the measurement system, particular attention must be paid to the
digitization of the voltage signal from the MEMS-type sensor, as well as to the communication
protocols.
The signal from the MEMS-type accelerometer after sampling must be sent to the data log-

ger, which can be devices such as microcontroller, microcomputer, etc. In the issue of recording
the acceleration during the passage of the shock wave, the speed of data transmission is very
important to avoid loss of measurement data. An example of a communication interface that is
straightforward to implement and possible to use in the issue under consideration is the serial pe-
ripheral interface (SPI). This interface is most often used for systems requiring low and medium
data transfer rates (Anand et al., 2014), but can also be successfully used in systems requiring
higher communication speeds (Brezeanu et al., 2022; Coşkun et al., 2023; Mohd Noor & Saparon,
2012). An important element of the communication system that needs to be considered is also
the distance over which the communication is carried out. In contrast to long-distance communi-
cation protocols such as USB (Universal Serial Bus), PCI (Peripheral Component Interconnect),
and Ethernet (Park & Mackay, 2003), SPI along with interfaces such as I2C (Inter-Integrated
Circuits) and CAN (Control Area Network), is commonly used for short and medium-distance
communication. In the issue of recording shock wave parameters, long-distance communication
is most often required for safety reasons, which involves signal conditioning, especially for low-
voltage signals like those from MEMS-type accelerometers. Signal conditioning is associated with
an increase in interference, so the use of communications like SPI with a properly protected data
logger could be an improvement in this type of measurement. SPI, compared to other similar
communication protocols, is characterized by high transmission rates combined with minimal
hardware requirements (Vijaya et al., 2011). SPI has a higher transmission speed than similar
communication protocols like I2C and UART (Universal Asynchronous Receiver and Transmit-
ter). In contrast to the semi-duplex nature of I2C, which utilizes a single data line (SDA) and
a clock line (SCL), SPI facilitates full-duplex communication through the implementation of
dedicated transmit (MOSI – Master Output Slave Input) and receive (MISO – Master Input
Slave Output) lines. Conversely, UART, despite its simplicity and frequent utilization for point-
to-point communication, also operates in half-duplex (or quasi full-duplex, depending on the
implementation) mode and does not offer the ability to exchange data as quickly and simulta-
neously as SPI. In addition, SPI does not require device addressing like I2C, which simplifies
the protocol and allows much higher transmission speeds (even tens of MHz), making it an ideal
choice for systems requiring fast, reliable and synchronous communication with multiple devices.
The purpose of this paper is to verify the feasibility of using the SPI communication in-

terface in the design of the authors’ MEMS accelerometer-based shock wave feature recorder.
The paper discusses technical issues related to the development of a communication interface
designed for the problem at hand. Furthermore, a series of experiments has been conducted to
ascertain the efficacy of the system under development. As part of this experimental research,
a constant voltage was applied to the output of the analog to digital converter (ADC) in order
to verify the correct discretization of the input signal and to evaluate the noise of the signal at
sampling frequencies up to 45 kHz. In addition, as part of this paper, some comparative research
of various measurement systems was carried out on the issue of recording data from dynamic
phenomena. As part of this experiment, force and acceleration were measured during the impact
of a hammer suspended on a pendulum against a bumper placed at the pendulum’s equilibrium
center. The conduction of this research enabled a comparison of the quality of recorded data from
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different measurement systems, whilst also enabling preliminary verification of the possibility of
uprooting the developed recorder based on the MEMS accelerometers in the research of dynamic
phenomena. The developed measurement system demonstrates a less common approach to the
research of shock wave characteristics, precisely by employing medium-distance communication
that does not necessitate the conditioning of the measurement signal. In this approach, the
data logger must be relatively close to the sensor, which means that it will be in the range of
the shock wave and must be protected from its influence. Furthermore, the development of an
original measurement system affords the authors greater autonomy in the development of the
software utilized. It is important to note the potential for the utilization of neural networks,
which are being employed with increasing frequency in sensory systems (Kciuk et al., 2023), in
addressing a particular issue. This involves the development of a model that can ascertain the
impact of the wave on human health, with this model being based on the readings obtained from
the data logger.

2. Method

The SPI communication interface used in this work operates in a master-slave configuration in
half-duplex mode. The chip select (CS) line is responsible for initiating communication between
devices. This communication is only active when the line is in a low state, and this state must
be maintained for the duration of the communication. It has been established that an oscillating
digital clock (DCLK) signal is shared between the Master and the Slave. This signal dictates
the timing of bit transmission on the data line (Texas Instruments, 2010). The signal on the
DCLK line is generated by the device that is in master communication. The transmission rate
is directly related to the clock frequency, since one bit is transmitted only during a single clock
cycle. This ensures coordinated data transfer (Lynch et al., 2015) by informing the Master and
Slave when to initiate communication. The digital input (DIN) and digital output (DOUT) lines
are the data lines telling the Master to send a request to the Slave and sending a response from
the Slave to the Master, respectively. Figure 1 shows a simplified diagram of the communication
between the microcomputer and the ADC.

Fig. 1. Simplified diagram of the communication between the registrar (Raspberry Pi 4B) and the ADC.

With reference to the principles of the SPI interface discussed earlier and the characteris-
tics of the transmitter used, the diagram in Fig. 2 shows a detailed sequence of data exchange
between the microcontroller and the measurement system. The illustration shows the timing
relationships between the basic signals of the SPI bus: DCLK, CS line (CS), input data line
(MOSI), and output data line (MISO). Also indicated are the activation moments of the various
transmission phases, including communication initialization, transmission of control commands
and reading of measurement data. Analysis of this sequence allows fine-tuning of the micro-
controller’s configuration to meet the timing requirements of the transmitter, which is key to
ensuring correct synchronization and reliability of data transmission. The detailed timing and
communication scheme for SPI data exchange is shown in Fig. 2.
The measurement system used in the experiment consisted of the following components:

Raspberry Pi 4B with Raspberry Pi OS (based on Debian) installed, acting as a control and data
logging unit; ADS7844E analog-to-digital converter – a 12-bit, 8-channel chip communicating
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Fig. 2. SPI communication timing diagram as specified in the device datasheet, showing the sequential
exchange of control and data bytes.

with the Raspberry Pi via the SPI interface; and a laboratory power supply generating a test
voltage in the range of 0V–3.3V. The ADS7844E transducer was powered by 3.3V, supplied by
a voltage regulator that also served as the reference voltage source (Vref). SPI bus connections
(DCLK, MISO, MOSI, and CS) were established in accordance with the ADS7844E’s technical
documentation and the Raspberry Pi 4B’s GPIO pin layout.
The following waveform (Fig. 3) presents the outcome of measuring SPI communication

in “every byte” transmission mode, which was recorded with a digital oscilloscope. Clearly
defined sequences of clock pulses (DCLK) and data line activations (MOSI/MISO) can be seen,
corresponding to single bytes transmitted in a single transaction. Significantly, the presence of
minor interference and noise in the signal lines is observed, which appears only during inactive
periods, i.e., between consecutive transmissions. This localization of interference clearly indicates
that it is not generated by the MEMS chip itself or the transducer during operation, but is of an
external nature (e.g., coming from the power supply, electromagnetic interference or reflections
on the transmission lines). This confirms the correctness of the data exchange process itself,
while at the same time emphasizing the need to address shielding issues.

Fig. 3. Oscilloscope capture of a single SPI data exchange sequence between the microcontroller
and the MEMS sensor, illustrating the timing relationship between clock and data lines.

Figure 4 shows the course of communication in the mode of reading every second byte, used
to filter irrelevant information selectively. In this variant, only those fragments of transmission
that correspond to the relevant measurement data are received, while bits present outside the
main exchange sequence are skipped. As a result, the recorded waveform is clearer, and only key
moments related to the transmission of utility values are analyzed.
In order to reduce distortion and minimize the impact of noise on the measurement signal,

the data acquisition process uses a strategy of receiving every second response from the SPI
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Fig. 4. Oscilloscope capture of SPI communication in reduced sampling mode (every second byte),
showing selective acquisition of relevant data segments.

system. The received data is then processed using a bit mask, taking into account the fact that
the oldest bit (MSB) is transmitted first. If an interference occurs when the most significant bit
is transmitted, the potential error is 50% of the full measurement range. The designed algorithm
effectively bypasses this kind of failure, providing transmission error robustness. In addition, the
use of a bit mask makes it possible to correct the data already at the recording stage, which
significantly increases the reliability of the system. Despite the simplified filtering procedure, the
solution makes it possible to achieve a stable sampling frequency of 45 kHz, which is a signifi-
cant advantage over piezoelectric sensor systems, which achieve about 20 kHz per channel. The
algorithm for processing a single packet of data is presented in Fig. 5.

Fig. 5. Block diagram of the algorithm for data transmission, reception, and processing
within the MEMS-based measurement system.
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As a preliminary test, the DC voltage was measured from a bench power supply, applied to
one of the analog inputs of the ADS7844E converter. The purpose of the test was to verify the
correct operation of the entire measurement path and to evaluate the accuracy of the conversion
of the analog signal to digital form. The output voltage from the power supply was set at several
levels (0.6V, 1.65V, 2.4V, 3.3V) – including those corresponding to the power supply of the
sensor used later in the project. Data reading from the transmitter was implemented using
the Python language and the spidev library to handle the SPI bus. The raw digital values were
scaled to the corresponding voltage values, and then compared with measurements taken in
parallel using a multimeter to assess the accuracy of the transmitter.
Figure 6 shows the voltage readings measured by the ADS7844E converter. The readings from

the converter show good agreement with the reference values, which confirms the correctness
of the measurement path. The voltages are stable, and the differences were within the acceptable
range of measurement error (oscillations due to power supply interference). The initial and
final distortions seen in the graph are due to signal filtering effects associated with the limited
sampling range and the operation of the smoothing algorithm. These results confirm that the
circuit can be used for further measurements in the project.

Fig. 6. Graphical user interface (GUI) screenshot illustrating the test of SPI communication
between the ADC module and the microcomputer.

A physical pendulum is any rigid body that can make free oscillatory motions about a hori-
zontal axis not passing through its center of mass, under the influence of gravity. Unlike the ideal
mathematical pendulum – which is a model of a material point suspended from a weightless and
inextensible thread – the physical pendulum takes into account the actual geometric properties
and mass distribution of the body. In the experiment conducted, this system was used to gen-
erate a controlled force pulse by striking a force sensor with the tip of the pendulum. At the
same time, the response of the measurement system based on a MEMS accelerometer integrated
into a Raspberry Pi 4B microcomputer via an SPI interface was recorded. The results were
compared with values obtained from a piezoelectric sensor system, built with independent ac-
celeration sensors, to evaluate the accuracy and sensitivity of the MEMS system under dynamic
forcing conditions.
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During the experiment, the pendulum shown in Fig. 7 was released from two fixed angles
of deflection: 20◦ and 40◦. At the lowest point of the trajectory, contact was made between the
tip of the pendulum and the FC500 force sensor (AXIS Sp. z o.o., Gdansk, Poland) (FC500),
allowing precise measurement of the impact force. Simultaneous data recording was carried out
from three independent measurement systems: the force sensor, a MEMS ADXL377 accelerom-
eter (Analog Devices, USA) (ADXL377) connected to a Raspberry Pi 4B microcomputer via
an SPI interface, and a piezoelectric sensor system – the MTS DSP SigLab 20-42 Dynamic
Signal Analyzer (MTS Systems Corporation, USA) – consisting of PCB Piezotronics 333B31
(PCB Piezotronics, USA) (333B31) and 352C33 (PCB Piezotronics, USA) (352C33) accelera-
tion sensors. Due to the temporal synchronization of all measurement channels, it was possible
to compare the obtained results and assess their mutual compatibility directly. The purpose of
the measurements was both to calibrate the SPI-based data acquisition system and to verify the
quality of the MEMS accelerometer signal readout in the context of future applications for ana-
lyzing dynamic phenomena. For each of the two tilt angles, 30 independent measurements were
made, ensuring the statistical reliability of the data obtained.

Fig. 7. Experimental setup with physical pendulum and mounted sensors, including a force sensor at the
impact point, a MEMS accelerometer, and reference acceleration sensors. The MEMS unit is connected

to a Raspberry Pi 4B for acquisition of dynamic response data via SPI interface.

3. Results and discussion

Experimental research was performed for two selected pendulum swing angles: 20◦ and 40◦.
In each case, the pendulum was released from a fixed angle and then struck a force sensor
fixed at a fixed point. Based on the recorded signal from the sensor, the maximum value of
the peak impact force was determined. At the same time, accelerations obtained from two
independent sources were recorded: from a MEMS accelerometer integrated into a Raspberry
Pi-based measurement system and from piezoelectric acceleration sensors, which are a separate
measurement system (MTS DSP SigLab). The results of 30 consecutive impacts are summarized
for the 20◦ and 40◦ deflection accounts in Table 1.
The lowest recorded spread of values over a period of 30 consecutive measurements has been

documented for the FC500 force sensor, as evidenced by the coefficient of variation, which does
not exceed 3%. Additionally, the low spread of data is characterized by results recorded with the
use of a logger, employing a MEMS capacitive accelerometer, for which the coefficient of varia-
tion does not exceed 5%. Data recorded with the MEMS accelerometer is characterized by the
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Table 1. Maximum values of the recorded force (FC500 force sensor) and acceleration (MEMS accelerom-
eter, piezoelectric accelerometers 333B31 and 352C33) during 30 consecutive hammer impacts for the

pendulum swing angle of 20◦ and 40◦.

FC500 MEMS 333B31 352C33

Swing angle 20◦ 40◦ 20◦ 40◦ 20◦ 40◦ 20◦ 40◦

72.60 155.50 15.17 28.85 12.80 24.10 10.70 23.30

75.30 156.50 14.39 28.46 12.70 23.80 10.40 23.80

79.90 150.20 15.76 28.85 15.20 27.40 14.40 24.90

78.60 151.80 16.15 29.82 14.30 29.90 14.60 29.00

76.60 152.70 14.78 29.24 14.70 29.80 14.00 29.50

75.10 151.80 14.98 28.85 14.50 29.10 14.70 28.80

74.00 153.80 14.98 29.24 12.90 30.00 12.60 28.60

78.40 155.00 16.54 30.02 14.20 30.70 12.10 28.80

74.70 154.90 14.78 29.63 15.00 30.50 14.80 29.50

73.30 154.20 14.00 29.82 11.10 30.00 9.50 29.50

75.00 155.10 14.98 30.61 14.60 30.70 14.50 29.50

77.00 153.30 14.98 30.00 14.40 29.00 12.60 27.70

74.00 153.80 14.59 30.02 11.10 29.50 8.60 28.80

77.10 151.60 16.74 29.24 15.50 29.00 15.10 27.90

75.90 154.40 14.78 30.41 14.70 29.80 14.30 28.30

74.00 153.00 15.37 29.24 13.00 29.40 11.00 28.00

74.00 153.60 14.78 29.24 14.70 29.10 14.50 25.70

76.10 154.20 14.78 29.63 14.40 28.60 12.70 25.60

77.30 154.80 15.37 30.41 12.00 29.50 10.80 27.50

77.20 154.30 15.95 30.02 11.20 29.40 9.00 26.20

77.40 154.30 14.98 29.63 13.90 29.40 11.70 26.10

82.50 155.30 16.15 30.22 15.40 29.90 15.50 26.60

75.40 153.40 15.37 30.41 15.00 29.40 15.00 26.30

77.30 154.40 15.95 30.60 11.00 29.60 8.90 26.10

75.20 155.10 14.39 30.20 15.50 28.40 15.00 26.20

75.80 153.40 14.78 30.41 11.30 28.30 8.70 27.10

76.30 154.20 14.78 30.20 16.00 27.60 15.20 25.40

75.60 154.30 15.95 29.20 11.30 27.50 10.00 25.50

75.60 154.70 14.78 30.41 15.50 27.20 14.90 23.60

76.10 155.40 15.17 30.02 15.60 28.00 15.30 25.20

x 76.11 153.97 15.21 29.76 13.78 28.82 12.70 26.97

σ 2.03 1.34 0.67 0.60 1.63 1.62 2.37 1.86

CV 2.66% 0.87% 4.38% 2.01% 11.85% 5.64% 18.68% 6.91%

lowest standard deviation among all acceleration meters, even though the average peak accelera-
tion value for MEMS was the highest. The acceleration recorded by piezoelectric accelerometers
is characterized by the largest data spread. At the same time, the spread of data for piezoelectric
accelerometers is significant, and for the 352C33 sensor, the coefficient of variation reaches al-
most 20%. This is caused by the frequent repetition for this dataset of measured values that are
much smaller than the others and much smaller than the values recorded by the MEMS ac-
celerometer. The average value measured by the 352C33 sensor is 12.70 g, with results as low
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as less than 9 g being repeated among the recorded data, i.e., values that are far from the average
value by more than the standard deviation. For hammer impacts released at a pendulum swing
angle of 40◦, the values recorded by all sensors increased in proportion to the increase in the value
of the pendulum swing angle. The spread of data between successive measurement systems ex-
hibits analogous characteristics to those observed at 20◦. Again, the lowest coefficient of variation
is characterized by the data set recorded by the force sensor (less than 1%), and a comparable
level of spread is observed for MEMS (slightly above 2%). As for the first dataset, the greatest
spread in the data is characterized by the results recorded by piezoelectric accelerometers. How-
ever, for measurements at a pendulum swing angle of 40◦, the recorded spread is much smaller
and for piezoelectric accelerometers does not exceed 7%. The decrease in spread for all measure-
ment systems at impacts for a pendulum swing angle of 40◦ is most likely due to the fact that, for
this case, we observe a larger change in the measured value, which makes it easier to register by
the used measurement systems. In order to better show the spread of the data for the individual
accelerometers, Fig. 8 shows box plots for impacts with pendulum swing angles of 20◦ and 40◦.

Fig. 8. Box plot showing the comparison of the measurement results of individual devices at impact for:
(a) 20◦; (b) 40◦.

Box plots provide a graphical representation of the features of the data sets being ranked.
Based on the box plots shown, it can be seen that the values recorded for the MEMS accelerom-
eter are higher than for the other sensors, as evidenced by the median value, which is highest for
the MEMS sensor. The difference in magnitude is most likely due to the fact that the recorder
using the MEMS accelerometer records the data at the highest sampling rate, which significantly
increases the chances of recording key points during the course of the impact. It can be seen that
in all graphs the median is shifted relative to the center of the corresponding box plots, which
indicates the asymmetry of the recorded data. In order to provide a more accurate illustration
of the characteristics of the recorded data distributions, Figs. 9 and 10 present histograms for
the data that was recorded at 20◦ and 40◦, respectively.
As illustrated in the histograms, the normal distribution curve has been superimposed for

the purpose of evaluating the resulting distributions, with the said curve having been drawn
for the corresponding data sets based on their mean and standard deviation. The graphs pre-
sented in Fig. 9 show the asymmetric nature of the distribution for all measuring instruments.
However, for the FC500 force sensor and for the MEMS accelerometer, the data sets manifest
some characteristics of a normal distribution, and it can be assumed that with an increase
in the measurement sample, the results for these sensors could be estimated with the help of
a normal distribution. However, the results for piezoelectric accelerometers are characterized
by a large asymmetry. Furthermore, a high frequency of occurrences is observed in the upper
and lower extreme intervals of the histogram. This is an unexpected result for this type of mea-
surement, and it is not recorded by other measurement systems. This is most likely related to
the frequent failure of piezoelectric sensors to register the maximum value in the peak. This
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Fig. 9. Histograms showing the distribution of measurement results for different devices with a normal
distribution curve determined from the sample mean and standard deviation at impact for 20◦. Histograms
are shown successively for: (a) FC500 force sensor; (b) MEMS-type accelerometer; (c) 333B31 piezoelectric

sensor; (d) 352C33 piezoelectric sensor.

Fig. 10. Histograms showing the distribution of measurement results for different devices with a normal
distribution curve determined from the sample mean and standard deviation at impact for 40◦. Histograms
are shown successively for: (a) FC500 force sensor; (b) MEMS-type accelerometer; (c) 333B31 piezoelectric

sensor; (d) 352C33 piezoelectric sensor.

leads to registering, for the maximum acceleration value, the value occurring before or after the
maximum value in the peak, and therefore, registering a smaller value than the actual value.
The distribution of rasterized data for an impact at a pendulum deflection angle of 40◦ is

analogous to that for 20◦. It is important to note that the data recorded by the 333B31 sensor
is an exception to this. Indeed, for this particular angle, the data shows the characteristics of
a normal distribution to a higher degree. However, it is also important to note that significant
outliers are observed here, as evidenced by a break in the continuity of the histogram. In the
histograms, individual results can be observed that significantly deviate from the other measured
values (which is particularly evident for the 333B31 piezoelectric accelerometer). If the purpose
of the conducted research was to determine acceleration values, these results should be discarded.
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However, the purpose of the conducted research is to compare different measurement methods.
The frequency of occurrence of this type of interference is an important element from the point of
view of this comparison. In addition, it testifies in favor of the assumption that for piezoelectric
accelerometers, the observed inaccuracies are the result of not recording the maximum value
of acceleration in the peak.
Also important from the point of view of evaluating the characteristics of the shock wave is the

quality of recording the acceleration waveform. To visualize this, Fig. 11 shows the acceleration
waveform during the impact of the hammer with a pendulum swing of 20◦.

Fig. 11. Waveform of acceleration during the impact of the hammer at a pendulum deflection of 20◦.

It can be observed that the authors’ data logger managed to record the acceleration peak
occurring during the hammer impact to a degree that allowed determining the maximum value
and also determining the time of impact. In addition, using the MEMS accelerometer, it was
also possible to record vibrations occurring in the system immediately after the hammer impact,
which is visible in the form of a harmonic acceleration course visible immediately after the
impact.

4. Conclusions

As a result of the conducted research, it can be concluded that the use of a system based
on the SPI protocol with a MEMS sensor allows precise and repeatable results to be obtained
in various dynamic applications. Comparison of the results with the piezoelectric sensor system
based on force sensors and piezoelectric accelerometers confirms the consistency of measurements
and the effectiveness of using MEMS in the analysis of dynamic phenomena.
Conclusions:
– universality of the SPI system: the system based on the SPI protocol with a MEMS sensor
provides flexibility and wide application possibilities in dynamic measurements;
– wider frequency range: the SPI system with MEMS works correctly up to 45 kHz, which
gives an advantage over traditional piezoelectric sensor systems that only work up to
20 kHz;
– repeatability of measurements: the system demonstrates high repeatability of results and
low scatter, which confirms the reliability of the MEMS sensor in measurements;
– compatibility with piezoelectric sensors system: the results obtained from the MEMS
sensor-based SPI system are consistent with those of the piezoelectric sensors system,
which demonstrates its precision.
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