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ABSTRACT
This work presents a system for remote monitoring of landslides
based on a wireless underground sensor network. The sensor net-
work is implemented on Arduino components connected through
Wi-Fi modules, and is responsible to collect soil moisture rates in
real time. Then, the collected data is sent to a cloud computing envi-
ronment in order to ensure a robust and secure storage. Moreover,
the cloud platform enables data mining and the visualization of the
information by the government and general people using an App
designed for mobile devices. To analyze the feasibility of the sys-
tem, real tests were performed using a prototype. The initial results
show the sensor network accurately measured the soil moisture
and the cloud computing platform was able to store and to display
the collected data in real time properly to the users.
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1 INTRODUCTION
The landslides are an usual phenomenon in Brazil, due to the trop-
ical weather with great amounts of rain, mostly on summer. Be-
sides that, there are several mountainous terrain along the country
which are occupied by legal and illegal buildings. These occupations
increase the risk of landslides, once the original vegetation was
removed from those areas. As shown in [1], in the year of 2010 over
8 million people, which live in 2.4 million of habitations located in
872 cities, remain in areas with potential risk of landslides.

Despite some states and cities present safety protocols to evac-
uate people in critical rainy scenarios, as can be seen in Rio de
Janeiro’s protocol described in [2], most of these action plans are
not efficient and are based on simple approaches, such sirens of
alert, for instance. Moreover, most of these approaches consider
weather forecast information and pluviometric rates collected from
rain sensors spread on different locations around the cities. More to
the point, the data is not collected from hills and slopes mapped as
risky areas, which leads to a ineffective model to predict landslides
and to evacuate people as well.

This work address the landslides remote monitoring, and is based
on a wireless underground sensor network to collect data directly
from the target areas. To this end, humidity sensors are deployed in
the soil of mountainous terrain previously mapped as risky areas by
the local authorities. Then, in order to ensure a robust and secure
storage, the data collected by the underground sensor network is
sent to a cloud computing platform. The system also uses an App
designed for mobile devices (smartphones and tablets) where the
data could be displayed in real time using a friendly interface. In
addition, the App could enable the sending of warning to people
who live in risky areas that a landslide is about to occur.

The main goal of the proposed approach is to enable a real time
monitoring of the soil moisture in risky areas by everyone inter-
ested (authorities and citizens). Furthermore, the cloud computing
environment is powered by several prediction algorithms and tools
based on IA. Therefore, the system is able to run in a proactive
manner with a high level of accuracy, avoiding that people remain
in risky areas when a landslide is about to begin. This is feasible
once the data is directly collected from the soil of the moutainous
terrain, processed and analyzed in real time.

The literature presents several works that address the remote soil
monitoring based on underground sensor networks. Most of these
approaches are designed for farming or general purpose activities,
as shown in [3] [4]. Despite both works are aimed for farming, they
have architectural similarities with our work, such as the Wi-Fi
sensor network and the cloud computing platform for storing data.
The works described in [5] and [6] present solutions for landslide
monitoring. However, the main focus of these works are landslides
caused by structural issues in constructions (dams, dikes, etc.),
and use movement sensors for the remote monitoring process. As
our work address landslides originated by the rain in moutainous
terrains, the sensor network is aimed to monitor the soil moisture.
Moreover, the mentioned works does not provide an App for public
visualization in real time.

2 THE PROPOSED MODEL
As mentioned earlier, the proposed model uses a wireless under-
ground sensor network with several humidity sensors deployed in
the soil to be monitored. Then, the communication between the
sensors and the access point is performed by the Wi-Fi protocol.
The access point is responsible for sending the collected data to the
cloud computing platform, where the data is processed and stored.
Lastly, the cloud computing platform also has the role of a data
server, feeding the App that runs on the mobile devices, which is
responsible for data visualization and also for warning messages to
the users when a landslide is about to occur. This architecture is
shown in Fig. 1.

Figure 1: System architecture

A system prototype was implemented in this work using one
Arduino Uno R3 attached with an humidity sensor. The Arduino
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uses a ESP8266 Wi-Fi module to send the collected data to the ac-
cess point. Then, the access point routes the packets through the
internet to a data channel previously configured in the ThingSpeak
platform, which is a cloud computing environment that enables in-
stant visualization of live data, data mining and alerts configuration,
as described in [7].

The experiments performed was aimed to ratify the designed
architecture. The testbed depicted in Fig. 2 was used to analyze
if the humidity rates collected by the sensor would be properly
stored and visualized in the cloud computing platform. To this end,
an humidity sensor was deployed in a box with small amount of
brown soil, which was filled with different amounts of water per
time, simulating a rainy scenario and performing a similar approach
with the work described in [8].

Figure 2: The prototype testbed

Every event related to fill the soil box with some amount of
water uses the constant value of 10 ml of water per time. In order
to simulate different types of rainy scenarios, we choose three time
intervals between each event. The first one is related to a light rain,
and fills the soil box with 10 ml of water every 6 minutes. The
second scenario mapps a medium rain, and the 10 ml of water is
putted in soil box the every 3 minutes. Finally, to simulate a heavy
rain, the amount of 10 ml of water is placed in the soil box every
30 seconds.

For all the observed scenarios, the experiment was finished after
10 rounds, which means that the soil box was filled with 100 ml
of water. The value of the soil moisture rate is measured by the
sensor at the end of the mentioned time intervals of each scenario.
In other words, on the light rain scenario the first soil moisture rate
is measured at 10 minutes, just before the second round of 10 ml
of water, the next measure occurs at 20 minutes, and so on. The
results are presented in Fig. 3.

As expected, at the beggining of the experiment the highest soil
moisture rate is related to the heavy rain scenario, since themeasure
was performed only 10 seconds later than the first round of 10 ml

Figure 3: Results considering three rainy scenarios

of water. It is important to notice that around the seventh round
of 10 ml of water (totaling 70 ml of water in the soil box) all the
scenarios present a similar soil moisture rate. This point indicates
the saturation of water in the soil box, once the new rounds of 10
ml of water have no relevant impact on the humidity rates collected
by the sensor.

It is worth mentioning that each line in the graphic depicted
in Fig. 3 was generated at runtime by the ThingSpeak platform.
Then, all the collected data was combined into in a single chart
to provide a better visualization in this paper and a holistic view
of the soil moisture behavior on each rainy scenario. However,
the ThingSpeak provides several data visualization options and a
friendly control panel for personalized configuration according the
user demand.

Once this proposed system is awork in progress, the App planned
for data visualization and landslides warning in real time was not
implemented yet, and is pointed as future work. Nevertheless, the
visual concepts of the main App screens are presented in Fig. 4 with
the GUI in Portuguese, since this project is initially addressed for
people who live in Brazil. These main screens enable the real time
monitoring of the soil moisture and the pluviometric rate from a
selected location. In addiction, the screen designed for landslides
warning is also presented.

As mentioned earlier, the soil moisture is obtained directly from
the humidity sensors. Since the soil moisture and the pluviometric
rate have a direct relationship, the latter could be calculated by
analytic models, as shown in [9] and [10]. On the other hand, there
are several public weather API available on the internet, such as
Open Weather Map [11] and Free Weather API [12], which provide
pluviometric rates and other relevant weather data from a specificc
location with a suitable accuracy.

However, it is important to notice that even without an App to
provide data visualization, the ThingSpeak platform was able to
make feasible the real time monitoring of the soil moisture rates
collected by the sensor network. This feature was the main reason
that justify the ThinkSpeak as the cloud computing platform chosen
for this project, since the authorities associated with civil defense
activities could remote monitor selected areas only using the cloud
computing interface.
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Figure 4: Visual concepts of the App screens

3 CONCLUSION AND FUTUREWORK
This work in progress presents a system for remote monitoring of
landslides based on a wireless underground sensor network and
a cloud computing platform. A prototype was implemented and
evaluated through real tests, which was aimed to simulate rainy
scenarios. The initial results ratify the model architecture, and
show the system was able to measure the soil moisture rates with a
suitable accuracy. Moreover, the cloud computing platform chosen
for the system implementation enabled data visualization in real
time, in addition to provide a reliable and robust storage for the
data collected by the sensor network.

As future work, we intend to implement the App for mobile
devices to provide the data visualization to the general public, and
the warning of imminent landslides as well. Furthermore, we also
intend to expand the underground sensor network in order to im-
plement a mesh network, analyzing relevant issues related to this
approach, such as power consumption of the wireless modules at-
tached to the Arduino, network dependability, among others. More
to the point, we will also analyze the efficiency of a hybrid wireless
sensor network (underground and surface), adding rainfall sensors
to the system architecture. To this end, we intend to evaluate the
data transmission considering the main network protocols, such as

ZigBee, Bluetooth, LoRa, among others. This hybrid sensor network
can be an interesting alternative to the use of the public weather
API mentioned in the previous section, since the data collected
from the rainfall sensors is more accurate than the provided by the
weather API.

The warning process (metrics required for decision-making, trig-
gers to warn the local population, etc.) will be also specified and
evaluated. Lastly, the most suitable location of each sensor in the
undergroud wireless network is a point of interest as well. Issues
related to the depth of the sensor in the soil, data routing through
the sensor network, and the optimal distance between each sensor
will be explored considering the robustness of the sensor network
and the trade-off between cost and performace
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