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Abstract: Hazards like landslides have significant economic and societal repercussions; hence, the
issue of remote structure health monitoring has grown in significance for geologic applications.
Wireless sensor networks (WSNs) stand out among the new sensing architectures as a particularly
well-suited solution, thanks to the versatility they offer. This research, necessary for safety reasons,
predictive maintenance and emergency evacuation, presents a WSN-based landslide monitoring
system with multi-technology sensor implementation. Its goal is to track the land movements on a
hillside. The network is composed of long range (LoRa) sensor nodes connected using a LoRaWAN
media access control (MAC) layer. The nodes are several and of different natures and help monitor
land movements, hydric parameters and rockfall events, and they also offer a camera view of the
landslide in case of an emergency. The system is built on an Internet of Things (IoT) framework,
enabling online access to data and reports. The final work will include a system description of the
hardware and functionality of all the devices, a description of the web section for remote monitoring,
a power analysis and statistics from actual scenarios.

Keywords: landslide monitoring; LoRa; multi-technology sensors; wireless sensor network

1. Introduction

Geologic hazards can be caused by the Earth’s natural processes or by human activity.
In the worst circumstances, these occurrences endanger lives and inflict property loss
and damage [1]. The various triggering factors for landslides include heavy rain, seismic
activity, vegetation interaction and human intervention. The application of fundamental
geologic engineering is the basis for the prevention of the aforementioned catastrophes [2].
Landslide-subjected situations have been studied in research in the past for several reasons,
some of them being risk mitigation and land planning [3]. In the past, wired acquisition
systems were often used to gather data for structural monitoring [4], encountering wiring
and power constraints. WSNs can help to address these issues, especially if combined with
Internet of Things (IoT) paradigms.

In this work, a remote landslide monitoring system, installed in a real scenario
in Liguria, Italy, is presented. A WSN has been implemented to monitor the main
system parameters.

2. System Architecture

The system architecture is equipped with hole inclinometers to observe the inclination
of underground columns as those move together with the land. These sensing elements are
based on a microelectromechanical system (MEMS), encapsulated in inox steel containers.
Rockfall accelerometer nodes are installed on mesh protections. A weather station is used
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to take information on the various environmental parameters in landslide monitoring such
as temperature, relative humidity, barometric pressure, rainfall, dew point, wind speed
and direction and solar radiation. In the case of warnings or manual activation, a camera
provides a remote view of the site for distance inspection. All the data retrieved from the
inclinometer and environmental sensor nodes are then transmitted over LoRaWAN [5] to
a solar-powered gateway. The camera communicates over the Wi-Fi network provided
by the aforementioned gateway. The area is not covered with fixed internet access, so
a cellular connection is used. Data are directed to a remote server which enables a user
interface for analysis and storage. Figure 1 reports the application scheme of the proposed
sensing system.
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Figure 1. (a) System application scheme; (b) an installation point for one of the sensing stations. 
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