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Abstract

This paper presents and evaluates a continuous recording system designed for a low-cost seismic station. The architecture has three
main blocks. An accelerometer sensor based on MEMS technology (Microelectromechanical Systems), an SBC platform (Single
Board Computer) with embedded Linux and a microcontroller device. In particular, the microcontroller represents the central
component which operates as an intermediate agent to manage the communication between the accelerometer and the SBC block.
This strategy allows the system for data acquisition in real time. On the other hand, the SBC platform is used for storing and
processing data as well as in order to configure the remote communication with the station. This proposal is intended as a robust
solution for structural health monitoring (i.e. in order to characterize the response of an infrastructure before, during and after a
seismic event). The paper details the communication scheme between the system components, which has been minutely designed
to ensure the samples are collected without information loss. Furthermore, for the experimental evaluation the station was located
in the facilities on a relevant infrastructure, specifically a hydroelectric dam. The system operation was compared and verified with
respect to a certified accelerograph station. Results prove that the continuous recording system operates successfully and allows for
detecting seismic events according to requirements of structural health applications (i.e. detects events with a frequency of
vibration less than 100 Hz). Specifically, through the system implemented it was possible to characterize the effect of a seismic
event of 4 MD reported by the regional seismology network and with epicenter located about 30 Km of the hydroelectric dam.
Particularly, the vibration frequencies detected on the infrastructure are in the range of 13 Hz and 29 Hz. Regarding the station
performance, results from experiments reveals an average CPU load of 51%, consequently the processes configured on the SBC
platform do not involve an overload. Finally, the average energy consumption of the station is close to 2.4 W, therefore autonomy
provided by the backup system is aroud of 10 hours.
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Keywords: Data acquisition system, Internet of Things, real time processing, single board computer, structural health monitoring.

1. Introduction

The structural health monitoring represents a critical element for planning and development of urban areas
characterized by resilience, sustainability and efficiency. Clearly, an appropriate and permanent evaluation performed
on buildings, facilities and essential infrastructures (e.g. airports, ports, telecommunications towers, etc.), is the first
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step toward the prevention and mitigation of disasters. It is worth mentioning that, the Structural Health is a
multidisciplinary research field based on the cooperation of sciences such as, Civil Engineering, Seismology,
Computer Science and even emerging technologies such the Internet of Things (1oT).

In regard to the events or conditions that are likely to cause damages on infrastructures, the seismic activity represents
the most dramatic scenario to consider. In such a context, the role of the structural health monitoring consists in to
characterize the buildings response before, during and after seismic events, i.e. detect some modifications of the
fundamental vibration parameters (e.g. natural frequency, periods, mode shapes), methodology known as Operational
Modal Analysis (OMA) [1], [2].

Based on the modal analysis, it is possible to identify those structural elements which have been affected and require
intervention in order to mitigate potential risks. For example, in [3] and [4], the authors analyze the set-up of dampers
and structural reinforcement elements on buildings, in order to reduce the effect of vibrations caused by earthquakes.
In this context, it is worth highlighting that the seismic behavior along a specific zone can be induced or modified as
result of human activities. In particular, activities such as groundwater extraction, fluid injection (e.qg. artificial ponds),
deployment of large underground networks for gas distribution or wastewater treatment, among others, are some of
the factors that contribute to increasing the stress along geological faults and therefore the seismic risk on facilities
and infrastructures [5].

With respect to natural events, seismic monitoring and prediction is an active research field. Although, it is not
possible to determine exactly the location, magnitude and time for a next seismic event to occur in a region, there are
substantial progress related to short-term earthquake prediction based on the analysis of seismic precursors.
Specifically, there are some studies in the literature that describe a correlation between seismic events and indicators
such as for example, anomalies in radon emission from soil [6], [7], weather fluctuations, fracto-emission peaks (i.e.
acoustic, electromagnetic, and neutron emissions). In particular, the high frequency due to neutron emissions (scale of
Tera Hertz), can be useful for detecting earthquakes in an initial phase as is described in [8] and [9]. Additional
studies, also describe the possible relation between seismic events and electromagnetic anomalies detected in the
ionosphere [10], [11], [12], thermal changes in the lithosphere [13], increasing of CO2 in volcanic regions [14] and
even, unusual behaviors in animals [15].

On the other hand, a promising and alternative research field consists in the analysis of microseismic events. This
methodology involves the deployment of a large set of sensor nodes (i.e. accelerographs), with the aim of monitoring
and characterizing the seismic behavior along a specific area or infrastructure. In this respect, transducers devices
such as geophones and accelerometers are fundamental components for designing a continuous recording system.
Even though, the cost of these sort of sensors is a factor to be consider, currently the application of MEMS technology
(Microelectromechanical Systems) [16], particularly for accelerometers manufacturing, has contributed to a reduce
both the costs and size of the stations and also has improved the sensors reliability. Regarding, structural health
applications, it is appropriate to use MEMS accelerometers designed for low vibration frequencies (e.g. less than
100Hz) as is detailed in [17] and [18].

Furthermore, for designing a seismic station it is necessary to consider functionalities, as for example, data recording,
data processing, network communication and remote management. With this end, it is possible to integrate the
accelerometers along with reduced size computers also named Single Board Computers (SBC), such as Raspberry Pi,
Odroid, Beaglebone, among others platforms [19]. In this respect, the implementation of a reliability data acquisition
systems (i.e. data acquisition without information loss), represents the most critical challenge to be faced, especially,
due to SBC platforms have not been designed for executing process in real time, as is discussed in [20] and [21]. This
constraint results critical for structural health monitoring, where data from sensors (i.e. number of samples and
timestamps), must be captured with high accuracy (microseconds deviations).

Following this objective, this paper presents the design and evaluation of an architecture for the reliable data
acquisition in a low-cost accelerograph. The implementation performed involves emerging technologies such as,
MEMS accelerometers and SBC platforms. This proposal represents a meaningful improvement of the previous work
described in [22]. Especially, in order to face the challenge of acquisition and processing samples in real time, the
architecture includes a microcontroller device which operates as an agent between the accelerometer sensor and the
SBC platform.

Moreover, the timestamps of samples are generated by means of a GPS module or through an RTC device (Real Time
Clock) for those cases when the signal acquisition from satellites is not feasible. Results from experiments show the
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architecture designed ensures the data acquisition with high precision and avoiding information losses. The main
contributions of this work with respect to similar proposals, consist in the thorough design of a robust solution for a
continuos recording system which contemplates the use of emerging and low-cost technology. Also, it is worth
highlighting the moderate energy consumption as well as the facility to integrate this solution with new
communications arquitectures (eg. Internet of Things).

The rest of the paper is organized as follow. In Section 2, relevant related work is presented. Section 3, describes the
methodology and the components for the station implemented. The experimental evaluation and results are shown in
Section 4. Finally, conclusions are discussed in Section 5.

2. Related Work

The development and deploying of seismic instrumentation for structural health monitoring involve the use of
emerging technologies, such as 10T systems and communication architectures based on Wireless Sensors Networks
(WSN). In this context, the characterization of building and facilities with regard to seismic events results
fundamental in order to improve resilience and efficiency of urban areas. The following are some of the most relevant
and representative studies in the literature.

Structural health applications are various, for instance in [23], the authors propose a system in order to detect seismic
events generated from landslides and rock falls based on the temporal and frequency analysis of signals. The proposal
includes a total of seven seismic stations which allows the system to detect events at several hundred meters from the
epicenter. In [24] and [25], experimental studies which evaluate the impact of earthquakes on water and gas
distribution networks are presented, respectively. In particular, the tests consist in artificial seismic events generated
through explosives in order to determinate pipelines response in regard to join deformations, pipe strains and
accelerations effects.

Moreover, preventive maintenance on strategic infrastructures (e.g. telecommunications and electricity towers), is
another relevant application of structural health. For instance, monitoring the proper operation of wind turbines by
means of a sensor network made up of accelerometers, as is described in [26] and [27]. Additionally, in [28] the
authors point out the significance of an earthquake catalogue for those zones where essential infrastructures require be
located.

In [29], is presented a study for evaluating the structural state of a bridge with more than 100 years old which is
subjected to daily load due to passengers and heavy vehicles. It is worth noting that structural monitoring carried out
on bridges has a strong interest. For instance, in [30], is proposed an ITS system (Intelligent Transportation System)
where vehicular traffic is managed in real time taking in to account the load conditions on a bridge.

On the other hand, regarding buildings evaluation, in [31], is proposed a project for monitoring the Pier Luigi Nervi
Exhibition Centre (Turin-Italy), affected by the seismicity of the region. In particular, the main goal consists in
determining the proper location for sensors considering the complex building architecture. A similar study is
described in [32], in this case with the aim to monitoring the Cardarelli Hospital building (Campobasso-Italy), both
during operational conditions and after seismic events.

Regarding monitoring architectures, in [33], a framework in order to disseminate earthquake warning messages is
proposed. Specifically, the seismic information is provided by accelerometer sensors available in users devices (e.g.
smartphones), also the system includes a processing stage for evaluating seismic intensity. A similar proposal is
described in [34], in this case, the seismic station includes a geophone sensor, while the data processing is performed
by means of cloud computing services.

In [35], the implementation of a seismograph for detecting events in volcanic areas is presented. To this end, the
prototype includes an electromagnetic, sensor as well as CO2, temperature and pH sensors. In [36], the authors
propose a seismic warning system through deployment of a wireless sensor network based on Zigbee technology. On
the other hand, in regard to sensors reliability, in [17] a detailed analysis of the main seismic sensors for structural
health applications, is presented. This study, highlight that seismic sensors based on MEMS technology result
effective for data acquisition even under noise conditions and also provide the advantage of can be easily integrated
along with wireless devices.

For instance, in [37], the authors present an experimental study carried out in the locality of Acireale (Sicilia-Italy)
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where about of 100 seismic stations based on MEMS accelerometers were deployed. This sensor network aims at
achieving a prompt evaluation of damages or potential risks caused by earthquakes. In [38] and [39], are presented
additional studies where the application of MEMS accelerometers for structural health monitoring is emphasized.

In regard to data acquisition and processing, SBC platforms represent a proper alternative. In particular, the main
advantages of SBC platforms are its low-cost, high performance, network communication capabilities, peripherals
interfaces (e.g. SPI, 12C, UART), all integrated into a reduced-size electronic board. Moreover, the applications are
various, for instance, home automation [40], smart access systems (e.g. access systems based on face recognition)
[41], robotics applications [42], among others. However, it is significant consider that these sort of devices with
embedded Linux, have not been designed for executing processes in real time which represents the major drawback of
SBC platforms. This limitation results critic for systems where data acquisition must be performed with high
accuracy, such as the seismic monitoring.

In order to address this issue, some studies and approaches in the literature suggest using Real Time Operating
Systems (RTOS). Nevertheless, this strategy depends on the hardware used and also requires a deep knowledge about
Linux systems. In this context, there are frameworks designed to reduce the complexity associated with using RTOS.

For instance, in [43] and [44], the authors propose the use of Xenomai [45], which consists in a framework that works
along with the Linux Kernel for executing processes in real time. Finally, authors describe that although Xenomai
contributes to reduce the latency, some limitations with respect to expected operation still persists. In this sense, an
alternative solution consists in using intermediate devices (e.g. microcontrollers and processors) for data acquisition
while the data processing and network communication functionalities are performed by means of the SBC platform.

The aforementioned alternative has been implemented in this work, specifically through of a microcontroller for data
acquisition in real time.

Following, Section 3, presents the architecture proposed for the accelerograph station and the continuous recording
system.

3. Methodology and Components

This section presents the proposed architecture for the accelerograph, especially the main components used as well as
the solution designed for the data acquisition which ensures the capture of samples without loss of information.
Finally, the software developed for the continuous recording system is described.

3.1. Accelerograph Component and Design

Fig. 1, depicts the architecture designed for the accelerograph. It can be seen that the central component consists in the
microcontroller dsPIC33EP256MC [46], which has three main functions: reading samples from the accelerometer,
generating a data frame including the sample number and timestamp and finally transmitting data to the SBC platform
which consists in a Raspberry Pi 3 [47].

The aforementioned tasks have been defined due to the microcontroller (uC) is appropriate for executing processes in
real time (i.e. sampling and digital signal processing).

On the other hand, the Raspberry Pi (RPi) due to it consists in a reduced-size computer with Linux embedded is most
useful for managing files, storing data and configuring network communication.

Regarding the communication between the components, it was performed by means of a SPI bus (Serial Peripheral
Interface). In particular, the uC operates as the master device in relation to the accelerometer while the RPi operates
as the master device in relation to the nC. The main technical characteristics for the nC are detailed in Table 1.

Furthermore, the architecture includes the GPS module FGPMMOPAG6H [48] and the RTC module DS3234 (Real
Time Clock) [49]. These modules have been used with the purpose of generating the timestamps during the sampling
process. In this context, the GPS provides the main signal by means of the PPS output (Pulse-per-second signal) while
the RTC module provides a backup signal through the SWQ output. This backup signal is useful for those locations
where the data acquisition from the satellites is not feasible.
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Fig. 1 Accelerograph architecture and components

Table 1. Technical Specifications for the Microcontroller DSPic33EP256MC

Parameter Specification Unit

Voltage operation 3.0t0 3.6 \

Operating temperature -40 to +125 °C

Timer Three 16-bit timers Can pair up two
to make one 32-bit

Analog features ADC configurable module 10 bits, 1.1 Msps,
12 hits, 500 ksps

UART One module 10 Mbps

SPI interfaces Two modules 15 Mbps

12C interfaces Two modules 1 Mbaud

It is worth highlighting that the timestamps are essentials for the proper operation of the accelerograph due to the fact
that samples must be captured during specific time intervals. In this context, according to the technical specifications
the accuracy achieved by means of the GPS module is 10 ns [48]. On the other hand, the RTC module has an accuracy
of + 2 ppm [49] or a variation equivalent of 2 us by each second lapsed from the last synchronization event.
Considering the aforementioned behavior, the data frame generated by the pC includes a field with the purpose to
identify the samples captured when the GPS module is operative and the samples captured when the RTC module is
active. This functionality is useful in order to carry out adjustments during the data processing.

Regarding the accelerometer, the design includes the ADXL355 MEMS sensor [50] characterized by a low noise
density, an output resolution of 20 bits per channel (i.e. X, y and z axes) and low energy consumption.

Table 2. Technical Specifications for the MEMS Accelerometer ADXL355

Parameter Specification Unit
Voltage operation 2.2510 3.6 \Y
Operating temperature -40a+ 125 °C
Current demanded 200 HA
Measurement range +2,+4,+8,+16 g
Output resolution 20 per channel bits
Sensitivity at + 2¢g 256000 LSB/g
Bandwidth 1000 Hz
Communication Interfaces SP1/12C -

Additionally, this sensor incorporates a set of internal registers which allow for storing samples, getting accelerometer
status and setting operational parameters. For instance, the accelerometer includes a programmable high-and-low pass
digital filters, therefore it is possible to configure the events detection considering structural health applications (i.e.
events with a frequency of vibration less than 100 Hz). The main technical characteristics for the ADXL355 sensor
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are detailed in Table 2.

Concerning data reading, it is necessary to take into account that the accelerometer provides the samples according to
a configurable parameter named ODR (Output Data Rate). Additionally, the ODR value depend on the cut-off
frequency configured for the internal low pass filter. In Table 3, the relationship between the ODR parameter and the
cut-off frequency is detailed according to [50]. Therefore, considering the structural health field where the events
analysis involves frequencies less than 100 Hz [17], [18], the cut-off frequency for the low pass filter was configured
in 62.5 Hz which correspond to an ODR value of 250 (i.e. 250 samples per second). Moreover, in order to ensure that
the samples match with the timestamps obtained from the GPS/RTC, it was necessary to configure an external
synchronization mode on the accelerometer. That is, the uC provides to the accelerometer an external synchronization
signal (sync signal) with the same frequency that the ODR value (i.e. 250 Hz or a sampling period of 4ms).

Table 3. Relationship between the ODR Value and the Low Pass Filter (LPF) Configuration

Setting ODR (H2) LPF (Hz)
0000 4000 1000
0001 2000 500
0010 1000 250
0011 500 125
0100 250 62.5
0101 125 31.25
0110 62.5 15.625
0111 31.25 7.813
1000 15.625 3.906
1001 7.813 1.953
1010 3.906 0.977

On the other hand, the ADXL355 accelerometer includes an internal FIFO buffer (first in, first out), which can be
used for storing the samples in the same order as the information is generated. In particular, this buffer consists in a
total of 96 memory positions (24 bits per position), which corresponding to 32 data sets with information of each
channel (x, vy, z, axes). Therefore, the reading process must be performed in a multi-byte mode in order to capture the
information of each set of data. The frame structure is depicted in Fig. 2. As can be seen, it is necessary a total of 9
bytes in order to storing each data set in the uC.

0 1 2 3 4 5 6 7 8
XYZ Acceleration data

x_3 ‘ X_2 | x_1 | y_ 3 | y 2 ‘ y 1 | z_3 | z.2 | z_ 1

Fig. 2 Frame structure for a data set with acceleration samples from x, y and z axes.

Concerning power supply, the accelerograph can be powered from the electricity grid or alternatively the architecture
also contemplates a backup-battery of 24Wh. Additionally, the current sensor INA219 [51] was included in order to
characterize the energy consumption demanded by the station. Following, in Section I11-B, the communications
process for data acquisition is detailed.

4. Experimental Evaluation

This section presents a set of experiments carried out with the aim to evaluate the accelerograph implemented (that
has been named RSA station). Following this end, the RSA station was located along with a certified accelerograph in
order to compare data collected. Furthermore, operational parameters (e.g. CPU load, temperature and energy
consumptions), were monitored during the experiments for characterizing the station performance.

4.1. Structural Health Monitoring

In order to verify the proper operation of the RSA station for structural health applications, the accelerograph was
installed on a relevant infrastructure. Specifically, the Chanlud hydroelectric dam, which is located to 25 Km from the
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city of Cuenca in Ecuador (Lat -2.6753°, Long -79.0283°). In particular, this hydroelectric dam has a height of 60 m
with a reservoir capacity of 17 million cubic meters of water [52]. The acceleration data collected by the RSA station
were compared with the acceleration values detected by means of a reference equipment, particularly an ETNA model
accelerograph developed by Kinemetrics. The ETNA technical specifications are detailed in [53] and [54]. Fig. 8,
depicts the ubication of the Chanlud hydroelectric dam along with a photograph of the site. Additionally, the location
of the accelerographs on the infrastructure is highlighted.

The acceleration data was collected during a period of three months. During this period some low-intensity seismic
events were reported through the geophones network deployed in the region by the Research Department Red Sismica
del Austro of the University of Cuenca (Ecuador) [55]. However, an event detected on 26 march 2020 deserve special
mention, due to the relative proximity with the site of the experiments. The epicenter was located about 30.32 Km to
the north of the Chanlud, (Suscal locality highlighted on the map in Fig. 8) the event magnitude reported was of 4.0
Md and occurred at a depth of 13.36 Km. Following, results from both RSA station and the ETNA accelerograph are
detailed.

ETNA Accelerograph
(Kinemetrics)

Fig. 8 Ubication of the accelerographs on the Chanlud hydroelectric dam
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Fig. 9 Accelerograms for the longitudinal component a) ETNA b) RSA station
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Fig. 10 Accelerograms for the transversal component a) ETNA b) RSA station

Fig. 9, Fig. 10 and Fig. 11, show, respectively, a comparison of the accelerograms corresponding to the longitudinal,
transversal and the vertical component. As can be observed, for each component the diagrams present a close
similarity regarding both the amplitude values of acceleration and the shape of the signals obtained. Specifically, the
amplitude difference between the maximum values of acceleration registered by the stations, were of 19.31% for the
longitudinal axe and 15.24% in the case of the transversal axe.
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Fig. 11 Accelerograms for the vertical component a) ETNA b) RSA station

On the other hand, in the case of the vertical component depicted in Fig. 11, it can be noted that the accelerograms
corresponding to the RSA station present an additional noise level compared with the signal from the reference
equipment. In this sense, from the multiple tests carried out, it could be noted that this behavior is mainly due to two
noise sources. In first place, the quantization noise of the accelerometer sensor, parameter that is detailed in the
technical specifications [50]. Also, during the experiments, it could be verified the presence of environmental noise
which is generated by the continuous water discharge in the base of the hydroelectric dam. Consequently, this effect
can be clearly appreciated in the vertical accelerogram, where the noise level is significant.

Regarding, the analysis of the phase difference between the signals, Figure 12, shows an overlap for the case of the
longitudinal components. As can be appreciated, there is an accurate synchronization among the accelerograms,
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behavior that evidences the proper operation of the RSA station.

Additionally, Fig. 13, Fig. 14 and Fig. 15, present, respectively, results regarding the comparison of the frequency
spectrum for each component, i.e. longitudinal, transversal and vertical.

Particularly, Fig. 13, depicts the behavior for the longitudinal component where despite the amplitude differences,
there is an exact match of the fundamental frequencies registered by the sensors (i.e. 16.9 Hz, 19.15 Hz and 25.9 Hz).
Also, in this worth mentioning that in general, the longitudinal and transversal components are particularly significant
when seismic analysis are performed on infrastructures, as is highlighted in several studies in the literature, as for
example [56], [57] and [58]. With regard to amplitude variations, the differences can be attributed to the internal
processing mechanisms carried out by the ETNA accelerograph which are detailed in [54], (e.g. antialiasing filters and
frequency decimation).
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Fig. 13 Comparison of the frequency spectrum for the longitudinal component

In that sense, it is worth clarifying that the raw data from the ETNA accelerograph is not available (i.e. the
acceleration data provided by the analog sensor before the application of processing mechanisms). Therefore, the
direct comparison of the acceleration values is restricted.

In the case of the transversal component depicted in Fig. 14, it can be observed the presence of additional frequencies
on the spectrum of the RSA station. This effect is consequence of the noise components, as can be verified in the
accelerogram of the Fig. 10. However, it is worth noting that the amplitude for the frequency values corresponding to
the seismic event are more prominent that the noise components, as is detailed on the diagrams, i.e. for the frequency
values of 13.45 Hz, 19.68 Hz and 29 Hz. Finally, in the case of the vertical component presented in Fig. 15, the noise
sources previously analyzed (i.e. quantization noise and environmental noise) result in a significant distortion of the
spectrum compared with results obtained by means of the ETNA accelerograph. Nevertheless, despite these
differences, the comparison performed reveals the proper operation of the RSA station. In particular, it can be stated
that the architecture implemented allows for the analysis and detection of local seismic events (i.e. for structural
health applications) with a magnitude equal or higher than 4 Md. Following, in Section 1V-B, results from the station
performance are detailed.

4.2. Station Performance Evaluation
This section describes the results obtained regarding the station performance. In particular, system parameters such as

the CPU load and temperature on the RPi platform as well as the energy consumption demanded by the station were
evaluated. In this sense, it is worth highlighting the importance of verifying the operation of a continuous recording
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system during long periods. Therefore, the information was collected at intervals of ten minutes during a period of a
month. For this purpose, a monitoring software was developed in Python.
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Fig. 15 Frequency spectrum for the vertical component a) ETNA b) RSA station

Fig. 16 depicts the behavior of the CPU load during a month of operation, where each sample on the graphic
correspond to the average of the values measured per day. Results are presented with a 95% level of confidence. As
can be seen, there are minimal changes on the CPU load, particularly the average value is close to 51%. Consequently,
the processes required on the RPi platform (i.e. uC — RPi communication and the continuous recording system) do not
involve an overload of the CPU.

Regarding the CPU temperature, results are shown in Fig. 17. It is worth indicating that usually the temperature value
strongly depends on the CPU load. In that sense, despite the minimal changes detailed in Fig. 16, it can be observed
that temperature value varies from 41°C to 45°C. This is due mainly to the changes in the ambient temperature
detected along the experiment duration (one month). However, this behavior, the higher value registered for the CPU
temperature was close to 46°C which is distant from the maximum value recommended for a proper operation of the
RPi platform (70°C) as is described in technical specifications.

On the other hand, the energy consumption demanded by the station was evaluated by means of the INA219 sensor
which allows for the capture of both samples of current and voltage, simultaneously. Fig. 18, shows the results
regarding the power expenditure along the experiment duration. In particular, it is worth noting the narrow confidence
intervals (95% confidence level) meaning minimal variation among samples, specifically within a range of between
2.37 W and 2.57 W. Additionally, the average consumption for the station is close to 2.4 W. Accordingly, taking into
account the battery capacity included for the energy backup system (24 Wh), the station autonomy is close to 10
hours.
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5. Conclusion

In this paper, we presented the design and implementation of a continuous recording system for a low-cost
accelerograph station. The solution proposed incorporates emerging technology. Particularly a MEMS accelerometer
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as well as an SBC platform with embedded Linux. Additionally, a microcontroller device was included on the
architecture, which operates as an intermediate agent in order to ensure both the reliable capture of samples and the
execution of processes in real time. Moreover, for synchronization purposes the system includes a GPS module as
well as RTC module as backup signal. Regarding the accelerometer it was configured for capturing a total of 250
samples per second. Also, the internal low-pass filter was set with a cutoff frequency of 62.5Hz, that represents a
proper value considering the recommendations for structural health applications (i.e. frequencies of vibration less than
100 Hz).

With regard to the experimental evaluation the station was located in a relevant infrastructure (a hydroelectric dam)
along with a certified equipment, for comparison purposes. Results collected from a seismic event which was reported
by the regional seismology network, reveals that the acceleration values registered with the station are similar to the
reference equipment. In particular, the differences obtained regarding the maximum acceleration values were 19% and
15% for the longitudinal and transversal components, respectively. Furthermore, results describe an exact match with
regard both the phase and the frequency spectrum of the signals. Specifically, in the case of the longitudinal
component the fundamental vibration frequencies caused by the seismic event on the infrastructure, were of 16.9 Hz,
19.15 Hz and 25.9 Hz. In the case of the transversal components the frequencies registered were of 13.45 Hz, 19.68
Hz and 29 Hz. In this context, it is worth highlighting, that the longitudinal and transversal components are
particularly significant for evaluating the impact of a seismic event on an infrastructure.

On the other hand, in the case of the vertical component, results present a notable difference between the spectrum
diagrams. However, from the multiples experiments it could be verified that these differences are caused by noise
sources, particularly due to the continuous water discharge in the base of the hydroelectric dam. Finally, a set of
experiments were carried out in order to evaluate the station performance. In particular, an average CPU load of 51%
was detected during the system operation. Therefore, the processes configured do not involve an overload of the CPU.

Additionally, with regard to the CPU temperature the maximum value obtained, was close to 46°C, that is, distant
from the peak value described in the technical specifications of the RPi platform. Finally, the energy autonomy when
the RSA station operates with the backup power system (i.e. battery) is close to 10 hours. Consequently, results show
the proper operation of the station implemented that represents the main contribution of this work to the design of
solutions used in applications of structural health.
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