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Abstract. This paper presents the design and implementation of a prototype sta-
tion, which aim to monitor microseismic events. The data collected by the sen-
sors are used for detecting events on a specific zone, as well as for applications
of structural health. The prototype was implemented using IoT devices (Internet
of Things), such as MEMS accelerometers (Microelectromechanical Systems)
and a single board computer with embedded Linux.

The station can be accessed remotely by means of a web application based on
Node.js, which provides users with real time data. Moreover, the prototype has
the capacity of getting information of geolocation as well as platform status
(e.g. CPU load, temperature and energy consumption).

The main advantage of this proposal consists in the design of a solution based
on open hardware architecture, open source, portability and low cost. Regarding
the prototype evaluation, results show an appropriate operation, which repre-
sents the contribution of this work to the design of monitoring applications in
the context of smart cities.

Keywords: Microseismic monitoring, Internet of Things, Structural health.

1 Introduction

Monitoring systems based on IoT technology (Internet of Thing) represent a current
solution for the design of applications focused on capturing and processing physical
variables. In particular, IoT-based systems allow the interconnection and cooperation
between users, sensors and actuators.

Traffic monitoring systems, urban mobility management, environmental monitor-
ing, emergency response systems, precision agriculture, among others, are some ex-
amples of applications [1]. These sorts of solutions contribute significantly to an ur-
ban development based on sustainability, security, and efficient resources manage-
ment.

In this context, one of the most important applications is the monitoring and detec-
tion of natural events (e.g. seismic events), which can put both population and infra-
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structures at risk. In fact, it is worth mentioning that earthquake prediction is an active
research area.

Although it is not possible to predict exactly the location, magnitude and time for a
next seismic event to occur in a region, the seismology research working along with
computer sciences and information technologies has significantly contributed to im-
proving the understanding of the seismic processes, especially with regard to the tem-
poral characteristics, as is described in [2]. In this case, the prediction is based on the
analysis of seismic indicators also called seismic precursors. Such indicators are use-
ful in order to generate emergency alerts. A well-known example about the success
achieved by means of an early warning system is the case of the earthquake occurred
in Haicheng (China, 1977). Seismic activity changes were monitored during months
along with changes in groundwater levels, then when unusual behaviors were detect-
ed, an alert was generated to the population, an action that saved the lives of hundreds
of thousands of people. According to the estimations detailed in [3], the number of
victims was reduced to 1%.

In regard to the seismic precursors, there are studies in the literature which describe
a relationship between seismic events and indicators: changes in seismic waves be-
havior [4], electrical signals presents in the lithosphere [5], electromagnetic changes
in the ionosphere [6], temperature variations detected in the lithosphere [7], changes
in the concentration of carbon dioxide in volcanic regions [8], radon emissions from
soil [9], human activities (e.g. mining) [10], [11] and even unusual behaviors in ani-
mals [12].

Therefore, the level of complexity for deploying a monitoring system depend on
the type of seismic precursor used. In particular, the analysis of seismic wave pat-
terns, i.e. the detection and characterization of seismic events, presents a real potential
for research and development of future solutions. To this end, the proper operation of
transducer devices is highly important. In this context, sensors such as geophones and
accelerometers show great versatility in order to detect ground motions.

Moreover, when a set of monitoring stations, including these kinds of sensors, is
deployed along a specific region, it is possible to obtain microseismic information
which can be useful as an indicator of a great magnitude earthquake.

In this paper, we present the design and implementation of a prototype station for
microseismic monitoring. This work has been carried out as a first step towards the
deployment of a monitoring network. Also, recent technology has been considered in
order to reduce significantly the cost per station.

The prototype was implemented using IoT devices (Internet of Things), such as
MEMS accelerometers (Microelectromechanical Systems) and a single board com-
puter (SBC) with embedded Linux. The station can be accessed remotely by means of
a web application based on Node.js, which provides users with real time data. Moreo-
ver, the prototype has the capacity of getting information about geolocation as well as
platform status (e.g. CPU load, temperature and energy consumption).

The main advantage of this proposal consists in the design of a solution based on
open hardware architecture, open source, portability and low cost. These characteris-
tics are useful for both monitoring structural health and the microseismic analysis
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along specific zones. Regarding the prototype evaluation, results show an appropriate
operation.

The paper is organized as follows: Section 2 presents related works. The design
and implementation of the prototype, as well as the monitoring architecture, are de-
tailed in Section 3. Section 4 describes the experimental evaluation and results. Final-
ly, Section 5 presents conclusions and future lines of work.

2 Related Works

Monitoring systems focused on smart cities involve recent technological develop-
ments such as Internet of Thing [13] and communication architectures based on Wire-
less Sensor Networks (WSNs) [14]. In this context, risk management in order to miti-
gate disaster caused by seismic activity is one of the main tasks toward achieving
sustainable urban development. The following are some of the most relevant and rep-
resentative studies in the literature.

In [15], an early warning architecture is presented. This architecture takes ad-
vantage from sensors available in user devices (e.g. accelerometers in smartphones) in
order to obtain acceleration data as well as to deploy a monitoring system. In [16], the
authors analyze the importance regarding early warning systems implemented in
Mexico after the devastating earthquake of 1985. On the other hand, these monitoring
systems can be used to prevent disasters resulting from earthquakes, such as land-
slides or tsunamis. For example, [17] presents a set of projects in order to evaluate
tsunami risks along the Mediterranean coast.

Regarding transducer devices, the accelerometers based on MEMS technology
show high reliability and reduced size. MEMS technology comes from research on
the design and manufacture of devices for navigation systems and space exploration
[18]. In this case, the basic structure of a seismometer (i.e. the mass-spring system) is
built within the multi-layer structure of an integrated circuit using a special process
called micromachining. Currently, MEMS sensors are used in several research areas
such as seismology, biomedicine, chemical analysis, wireless communications and
robotics [19], [20].

In seismology, due to low cost and versatility, MEMS accelerometers represent an
adequate alternative for implementing monitoring networks and early warning sys-
tems. Furthermore, some proposals that use this kind of accelerometers for seismic
monitoring are detailed in [21], [22], [23] and [24]. These systems can be used in
applications of structural health control focused on heritage buildings or even in
communications infrastructures, as described in [25] and [26], respectively.

Additionally, [27] describes a system for detecting landslides caused by rock falls,
a proposal that would be useful in order to improve road safety. Finally, there are
some studies focused on monitoring the impact of seismic events on infrastructures
required to provide basic services such as gas and water distribution networks, [28],
[29].

On the other hand, regarding data acquisition and processing, accelerometers can
be configured using a development platform type SBC, for example, Raspberry Pi
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[30], Arduino [31], Beagle Bone [32], among others. Moreover, the interaction be-
tween a set of monitoring stations can be achieved by means of a communication
architecture called Wireless Sensor Networks (WSNs) [33]. These sorts of networks
have the capacity to self-configuring without the need of a central station or a preex-
isting infrastructure. Therefore, WSNs can be useful for both rural and urban envi-
ronments [34]. Next, in Section 3, we present the system implementation.

3 System Architecture

This section describes the implementation of the prototype station as well as the main
characteristics enabled for the microseismic monitoring system.

3.1 Prototype Implementation

The microseismic station was implemented using a development platform with em-
bedded Linux (Raspberry Pi 3) [30] and accelerometers based on MEMS technology,
Figure 1 shows the functional diagram of the station.
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Physical Layer [[———oma — —
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Fig. 1. Functional diagram of the microseismic station

As can be seen, the physical layer has five peripheral devices. In particular, the mi-
croseismic monitoring is performed by means of the AdxI345 [35] and AdxI355 ac-
celerometers [36]. Table 1 describes the main technical characteristics for the accel-
erometers. The measurement range is specified in relation to the standard acceleration
due to gravity (g, equivalent to 9.81m/s?). Additionally, the current sensor INA219
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[37] has been attached to the Raspberry Pi platform in order to assess the level of
energy consumption demanded by the station. The sensors are handled by a set of
open source Python libraries that are available at [38], [39], [40]. The connection to
the platform is carried out via the 12C bus (Inter-Integrated Circuit) in the GPIO pins
(General Purpose Input / Output). Moreover, with the intention of implementing a set
of monitoring stations, a GPS sensor [41] was included in the prototype, particularly
for synchronization tasks.

Table 1. Technical specifications for the accelerometers used in the prototype station

Parameter Adx1345 Adx1355 Unit
Measurement range +2, 44, +8 +16 +2 44, +8 +16 g
Output resolution 10 20 bits
Sensitivity at +2g 256 256000 LSB/g
Bandwidth 3200 1000 Hz
Current demanded 140 200 RA
Operating temperature  -40 a +85 -40 a +125 °C

In regard to the network layer, we used an external wireless card (IEEE 802.11n),
which was configured in ad hoc mode in order to allow the future integration of our
station in a wireless sensor network. On the other hand, the wireless interface availa-
ble on the platform board operates as a gateway for enabling Internet connection.

Moreover, the prototype is powered by a high current density lithium battery
(10000 mAh) and for the remote management, we set up an HTTP server based on
Node.js [42].

Finally, an electronic board was implemented in order to facilitate the interconnec-
tion between the sensors with the platform. Figure 2 shows the physical prototype
implemented and the components.

Power Bank
(10000 mAh)

External Wireless Card
(IEEE 802.11n)

Interconnection Board
Single Board Computer
(Raspberry Pi 3)

Accel  (AdXI355) b

Accelerometer (Adx1343) q
Current Sensor
(INA219)

GPS
(Ultimate V3.0)

Fig. 2. Description of the microseismic station components
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3.2  Microseismic Monitoring System

Figure 3 shows the functional diagram of the monitoring architecture. As can be seen,
we developed a web application using Node.js, which allows the remote access to the
station using a browser. Specifically, to monitor events as well as visualize the accel-
erometers information in real time, we have used WebSockets through the socket.io
library [43].

In particular, a set of Python scripts were implemented in order to control the sen-
sors operation. The data captured from the sensors are used to generate messages on
the server side (socket.emit function). Then, the server sends to the remote client the
information with the acceleration values detected (x, y and z). Additionally, the server
sends messages about geolocation and energy consumption obtained from the GPS
and from the current sensor, respectively. The send intervals for the messages can be
configured or modified on the Python scripts. Similarly, to evaluate the system status,
the server sends messages with information about temperature and CPU load, ob-
tained in this case from the Raspberry Pi platform.

On the other hand, the web interface provides users with dynamic charts in order to
detect instantaneous changes in the information from the sensors.

Finally, the sensor and system information is stored in the memory card of the sta-
tion to keep a history of measures. The evaluation of the prototype station is detailed
below.

Web Server (Node.js) Client Monitoring (Browser)

Front end <html>

Station Location

Event handler

socket.on( 'message’, function (data))
Emitter
socket.emit ( ‘m !, {string:data
function (datal});
] { CPU Temperature
Server
Messages N
CPU Load

Measurements
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. Node Operation Parameters:
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Fig. 3. Functional diagram: Architecture of the microseismic monitoring system



Santiago Gonzdlez, Juan Carlos Jiménez, Remigio Guevara & Ivdn Palacios

4 Experimental Evaluation and Results

This section presents a set of measurements that describes the station performance
under operational conditions, i.e. during acquisition, processing and transmission of
the data captured by the sensors.

4.1 Prototype Evaluation

In this experiment we carried out an evaluation about the load as well as the tempera-
ture measured on the CPU of the Raspberry Pi platform. To this end, we activated all
processes that enable data acquisition from sensors (i.e. accelerometers, GPS and
current sensor). The samples were captured at intervals of 1 second. Moreover, during
the experiment, we also enable the web application for displaying information on the
user interface. Figure 4 shows the results throughout one hour of operation.
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Fig. 4. Prototype evaluation: (a) CPU load monitoring. (b) CPU temperature monitoring
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Figure 4 (a) describes the behavior of the CPU load. In particular, the samples were
captured by means of the uptime command that provides information about the sys-
tem load averages for the past 1, 5, and 15 minutes. As can be seen, results show that
the processes demanded by the sensors along with the web application does not in-
volve overload on the CPU. Specifically, the maximum load level detected was ap-
proximately 60%, while the average load for the analyzed interval is close to 30%.

On the other hand, Figure 4 (b) presents the temperature monitored on the CPU,
the confidence interval showed were stated at the 95% confidence level, it can be
seen, there are minimal changes on the CPU temperature. In particular, the average
value is closed to 40°C, that is distant from the maximum value recommended in the
technical specifications (70°C). Also, it is worth indicating that the average ambient
temperature along the experiment was 20°C.

4.2  Energy Consumption

In the previous experiment, we also captured current samples in order to determine
the energy consumption demanded by the prototype. Similarly, the samples were
captured at intervals of 1 second. Figure 5 shows the results throughout one hour of
operation.
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Fig. 5. Current samples captured during the prototype operation

In particular, it is worth noting the narrow confidence intervals (95% confidence
level) meaning minimal variation among samples, specifically within a range of be-
tween 414mA and 433mA. In regard to the average current for the entire interval
(computed from the samples), the value is 421 mAh. Furthermore, we carried out addi-
tional experiments with the aim of analyzing the energy consumption by each device
on the prototype. Figure 6 shows the results depending on the connected peripherals.

As can be seen, the energy demanded by the platform along with the accelerome-
ters (i.e. without the GPS sensor), presents a consumption of approximately 385mAh.
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On the other hand, when the prototype station uses one accelerometer (Adx1355
sensor), it reduces the energy expenditure to 379mAh. In regard to the platform and
the external wireless card (i.e. without accelerometers), results show a consumption of
370mAh. Finally, it can be seen that the platform presents a base consumption of
approximately 216mAh.

Accordingly, taking into account the battery capacity used to power the prototype
(10000mAh), then the operation time ranges from 23 to 26 hours. The estimated au-
tonomy is useful for setting up outdoor experiments.
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Operation Conditions

Fig. 6. Average energy demanded by the prototype under different operational conditions

4.3  Microseismic Monitoring

The characterization of the accelerometers, was carried out by means of multiple
tests. Also, the prototype was enabled to operate in a continuous data acquisition
mode. This methodology was defined to evaluate the sensitivity level for detecting
seismic events.

Figure 7 shows the results obtained using the Adx1355 accelerometer throughout
one hour of operation. Also, it is worth clarifying that for the results presented, we
performed a baseline correction. This procedure consists in removing the direct com-
ponent (DC value) from the acquired signal (i.e. the data offset with regard to the zero
level of the acceleration).
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Acceleration (g) Acceleration (g)

Acceleration (g)

Fig. 7. Acceleration records (X, y, z) vs. time, obtained by the Adx1355 sensor

As shown, the graphics describe the acceleration values detected by the sensor on
the x, y and z axes. It is important to point out that along the tests, there were no re-
events close to the facilities where the station was located (central
campus, University of Cuenca). Consequently, the acceleration samples captured
correspond to the background noise or urban seismic noise. Additionally, the signal
behavior can be seen in more detail in Figure 8, which shows an interval correspond-
of the acquired data. In particular, the maximum variations have been
reported to range between approximately +0.002g. This threshold represents the pro-
totype sensitivity taking into account the location selected to carry out the experi-
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Fig. 8. Acceleration records corresponding to an interval of 1 minute
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5 Conclusions

In this paper, we presented the design of a prototype station to evaluate microseis-
mic events. Specifically, the prototype was designed and implemented using a single
board computer as well as accelerometers based on MEMS technology, which signifi-
cantly reduce the overall cost per station. Also, a web application was implemented in
order to monitor the information captured by sensors in real time.

Regarding the prototype evaluation, experiments carried out show an appropriate
operation. In particular, a maximum CPU load of 60% was detected due to simultane-
ous operation of peripherals. Also, the average value of temperature was approximate-
ly of 40°C, which is distant from the threshold value recommended in the technical
specifications (70°C).

Moreover, a current sensor was included in order to characterize the energy ex-
penditure as well as to estimate the autonomy of operation. Results indicate a lifetime
between 23 to 26 hours, depending on the number of peripherals connected.

In regard to the experiments to evaluate the accelerometers sensitivity, the results
show that our prototype allows to detect seismic events that cause accelerations high-
er than 0.002g. Although, this sensitivity is influenced by the site where the prototype
is located, we consider that the value is suitable for applications of structural health.

Finally, as future work we plan to implement a set of stations with the aim to de-
ploy a microseismic monitoring network.
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