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Abstract: - In this work, we created a map of the susceptibility to landslides in GIS environment using neural 
network, Analytical Hierarchy Process (AHP) multicriteria analysis method and fuzzy methodology, producing 
five categories (levels) of risk. Subsequently, starting from this map, we identified (fuzzy methodology) the areas 
of the road’s network most exposed to landslide risk also using remote sensing techniques (classification and 
segmentation techniques) overlapped on the street map. This system therefore provides us the level of attention 
that affects the transport infrastructure investigated (a higher level of attention corresponds to a higher level of 
landslide risk). Once the risk map for a large area was identified, we focused on local monitoring of a part of it 
automatically selected by the GIS. The monitoring of this area was carried out through an innovative system 
(made by us) that allows to monitor landslide risk areas and to study landslide phenomena through the use of 
Unmanned Aerial Vehicles (UAVs). Specifically, with this innovative solution, data are acquired thanks to an 
automated system of UAVs and wireless charging platforms (capable to acquired, to transmit and to store data); 
subsequently, the acquired data are stored automatically in a special platform that allows us to create the point 
cloud and 3D models of the investigated area (which in turn they are superimposed on the digital models created 
in previous monitoring), also allowing the creation of the land mass displacement’s sequence in a video. Finally, 
in relation to early warning, the system allows civil protection to be warned in the event of a landslide risk (start 
of new landslides or continuation of landslides that have already begun) which in this way will be able to warn 
the population also through social media.  
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1 Introduction 
In Italy every year, the hydrogeological instability 
causes the destruction of roads, buildings, etc., 
causing victims and countless economic damage. The 
monitoring of natural hazards, the evaluation of their 
impact and the general risk assessment are therefore 
decisive steps towards the selection and sizing of 
adequate protection measures.  

The hydrogeological instability includes the set of 
all geomorphological processes (from surface and 
sub-surface erosion, to the most catastrophic events 
as landslides and floods) that have a highly damaging 
and destructive action, of soil degradation and 
therefore of infrastructure damage. The causes of the 
hydrogeological instability are partly due to weather 
conditions and climatic variations but are above all 

anthropogenic (deforestation, excessive soil 
consumption, overbuilding). In Italy, the actions that 
can be implemented in relation to the risk of 
hydrogeological instability are basically: the forecast, 
the prevention and the mitigation of the effects. 
The monitoring of natural hazards, the assessment of 
their impact and the general risk assessment are 
therefore decisive steps towards the selection and 
sizing of adequate protection measures. The 
evolutionary process of the sciences of Geomatics, 
which is now fundamental and transversal in the 
study of various engineering / architectural 
phenomena, is finding increasingly efficient and 
productive interactions with the disciplines of Soft 
computing. This interaction can lead to the study and 
production of highly performing systems in relation 
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to the prevention of territorial and environmental risk 
and the production of maps useful for the prediction 
and prevention of natural hazards. The use of 
Unmanned Aerial Vehicle (UAV) systems is also 
spreading more and more thanks to their ease of use 
in different situations and for different applications 
for monitoring and preventing natural hazards. 
Particular attention is therefore dedicating research to 
the use of UAVs in this area with particular reference 
to the methods of automating the image acquisition 
process to that of flight design and recharging. Such 
developments may therefore open up further 
perspectives in the field of landslide monitoring. 
 
This work proposes an experimental methodology for 
the characterization of the susceptibility to landslides 
in the Sicilian area through the combination of 
remote sensing and GIS systems and soft computing. 

In particular, we created a map of the 
susceptibility to landslides in GIS environment, 
producing five categories (levels) of risk. 
Subsequently, starting from this map, we identified 
the areas of the road network most exposed to 
landslide risk also using road maps building through 
remote sensing techniques. This system provides us 
with the level of attention that affects the transport 
infrastructure investigated (a higher level of attention 
corresponds to a higher level of landslide risk). 
Furthermore, once the risk map for a large area was 
identified, we focused on the local monitoring of a 
portion of it automatically selected by the GIS, 
proposing an innovative system that allows us to 
monitor landslide risk areas continuously and to 
study landslide phenomena through the use of 
Unmanned Aerial Vehicles (UAVs) producing an 
early warning system. Data are acquired thanks to an 
automated system of UAVs and wireless charging 
platforms (capable to acquire, to transmit and to store 
data); the acquired data are stored automatically in a 
special platform that allows us to create the point 
cloud and 3D models of the investigated area (which 
in turn they are superimposed on the digital models 
created in previous monitoring), also allowing the 
creation of the land mass displacement’s sequence in 
a video. Finally, in relation to early warning, the 
system allows civil protection to be warned in the 
event of a landslide risk (start of new landslides or 
continuation of landslides that have already begun) 
which in this way will be able to warn the population 
also through social media. 
 
The assessment of susceptibility to landslides is a 
complicated topic also due to the difficult assessment 
of the spatial and temporal distribution of past events 
for large areas, mainly due to the limitations and gaps 

of historical documents and geographical 
information. Due to these limitations, the most 
widely used tool for assessing susceptibility to 
landslides is the Geographic Information System 
(GIS), which allows analysing and managing a 
considerable amount of information. 
 
The work presented here has the following 
objectives: 

• Use the GIS software, the Analytical Hierarchy 
Process (AHP) multicriteria analysis method 
and soft computing techniques to create a 
landslide susceptibility map for the Sicilian 
Area through the weighted combination of 
various factors such as slope, lithology, 
elevation, rainfall and land use. 

• Extract the road network (fuzzy methodology) 
by analysing remote sensing images 
superimposed on Open Street Map (remote 
sensing classification and segmentation 
techniques). 

• Once the landslide susceptibility map has been 
obtained, determine the network 
infrastructures to pay more attention to. 

• Use UAVs to create thematic maps (mapping 
studying and highlighting the characteristics 
of the landslide area, area of rupture, 
superposition of the displacements at break 
of the section aligned with the landslide, etc 
etc.). 

• Monitoring the evolution of an active 
morphological process through a multi-
temporal analysis (monitoring). 

• Early warning forecasting systems. 
 
Indeed, the Geomatics Laboratory of the 
Mediterranean University of Reggio Calabria has 
launched a series of experiments in the last two years 
in order to create an innovative system for the study 
and monitoring of landslides with particular 
reference to the use of drones. 
 
As for the mapping activities, the use of mini and 
micro-UAVs makes it possible to detect relatively 
modest areas (often less than 1-2 Km) in a very short 
time and with very competitive costs. GIS was 
implemented with the results collected from UAV 
surveys. 

In the field of geo-hydrological instability this 
application can be considered very valid both for the 
detection of landslides and rock walls subject to 
collapse phenomena. The use of UAVs allows the 
production of high resolution orthophotos useful both 
for the realization of event maps, in which often it is 
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also provided for a delimitation of the area affected 
by the instability and a possible mapping of the main 
morphological elements that characterize; and for the 
creation of digital models of landslides [1-11]. 

In this work we intend to present an innovative 
system that allows you to monitor landslide risk areas 
and study landslide phenomena (already underway) 
through the use of UAVs. The data is acquired thanks 
to an automated system of UAVs and wireless 
charging platforms (capable of acquiring, 
transmitting and storing data); the acquired data are 
stored automatically in a special platform that allows 
you to create the point cloud and 3D models of the 
investigated area, which in turn are superimposed on 
the digital models created in previous monitoring, 
also allowing the creation of a video of the sequence 
of displacement of the land mass. Finally, with a view 
to early warning, the system allows civil protection 
to be warned in the event of a landslide risk (start of 
new landslides or continuation of landslides that have 
already begun) which in this way will be able to warn 
the population through social media (Fig.1). 
 

 
Figure 1 - Operation diagram of the monitoring 

system. 
 
2 Materials and Methods 
2.1 Innovative measuring system 
In this work we used a fleet of automated UAVs 
connected to the cloud (or to a local network) which 
are automatically recharged through special charging 
stations located in predetermined points. The drone 
fleet sends data in real time to the cloud platform, 
which is then processed by the algorithms to select 
the images. 
 
The data acquisition system provides for the 
installation of two platforms along the path to be 
monitored to allow the drone battery to be recharged 
and the data necessary for subsequent processing to 
be transferred. 

We have built an innovative monitoring system 
including drones, intelligent multi-landing and 
charging pads, automatically governed that 
communicate at short range with nearby drones and 
indicate the status of the station. 
 
1. When an UAV in flight detects that the battery is 

running low, it looks for the nearest charging 
station, the latter communicates to the drone if 
there is a free pitch and a charged battery 
available. 

2. Having obtained the ok to land, the drone, 
knowing the GPS coordinates of the station, 
approaches and, moving vertically, lands on the 
assigned stand. 

3. Once landed, a subsystem recharges the onboard 
battery or swaps it, replacing the discharged 
battery with a charged one. During the 
replacement, the drone is still powered through a 
special connector in order not to lose 
communications and to allow the automatic 
procedure with the exchange of information. After 
recharging, take-off takes place. 

 
The wireless charging station is composed of an 
"intelligent" induction plate which, when the drone 
lands, determines the type of batteries supplied to the 
aircraft, and thus establishes the correct charging 
parameters. This is made possible thanks to a small 
device installed on board the drone, consisting of a 
microcircuit with a data transmission system, 
weighing a few tens of grams and dimensions 
contained in the order of a few centimeters (so that it 
can be installed not only on large professional UAVs 
but also on smaller commercial ones) that when the 
drone lands on the "smart" plate it communicates the 
type of battery mounted on the drone.  
 
These stations are totally waterproof and 
weatherproof and also serve as a temporary shelter 
for the appliances (Fig.2). 
 
In detail, we realized a mini light-weight unattended 
drone system, including a C500 charging pad, a 
charging landing gear, a tailored Mavic 2/2 Pro 
battery, a canopy, an OC (Embedded AIcomputer), a 
LS (local server), an CS (internet server), a T3 
(HDMI camera monitoring), a loudspeaker and a DJI 
Mavic 2 Pro (Fig.2a). 

The drones used are DJI Mavic 2 Pro (Fig.2b), 
equipped with omnidirectional vision sensors and 
infrared sensors, obstacle detection system, 
intelligent features such as Hyperlapse, Point of 
Interest, ActiveTrackTM 2.0, TapFly and 
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QuickShots, as well as assisted piloting systems 
(APAS). 
Mavic 2 Pro is equipped with a fully stabilized 
threeaxis gimbal camera, with a 1-inch CMOS sensor 
to record 4K videos and take 20-megapixel photos, 
reducing the angular vibration range to ± 0.01 °.  
 
In particular, the process of this application is divided 
into two phases: 
1. Definition of flight plan, in terms of GSD (Ground 

Sampling Distance), image overlay and waypoint 
route: The images are captured following a 
waypoint path set by the designer. The GSD 
(Ground Sampling Distance) define the flight 
height considering the required definition 
(cm/pixel); the time to capture images is 
determined to avoid overlaps and then survey 
areas that have already been processed. 

2. Transmission of the data collected in temporal 
phases in a cloud platform where the point cloud 
and the digital model will subsequently be 
created. 

  

Figure 2 – UAV (a) and charging station (b). 

3 Study area 
In Sicily hydrogeological instability is widespread 
and represents a problem of considerable importance 
due to the geological and geomorphological 
conformation of the territory, characterized by a 
complex orography and small hydrographic basins, 
which have extremely rapid response times to 
precipitation (the time between the beginning of the 
rain and the occurrence of the flood in the stream is 
very short). Intense meteorological events, combined 
with these characteristics of the territory, can 
therefore give rise to violent alluvial phenomena 
characterized by very rapid kinematics (mudslides 
and flash floods). 

The hydrogeological risk is also strongly 
conditioned by the action of man. The density of the 
population present in hydrogeological risk areas, 
unauthorized buildings, the abandonment of 
mountain land, fires, lack of maintenance of the 
slopes and waterways, aggravate the instability and 
further highlight the fragility of the Sicilian territory 

by increasing exposure to phenomena and therefore 
the risk itself. 
In Sicily, the Regional Basin Authority identifies 
areas at hydrogeological risk. 
 
In relation to the specific analysis of critical areas 
highlighted in the previous analysis, in order to 
produce a continuous monitoring and early warning 
system useful for civil protection, we focalized the 
attention on two areas: 

- to the HIMERA viaduct on the A19 Palermo-
Catania motorway, a landslide dating back to 2015 
that broke a pillar of the Himera viaduct (Fig.3). This 
highway, finally after 5 years is working again. 

- the Reginella Landslide, which blocked the 
connection between two mountain villages by 
completely isolating them (Fig.4).  

 

Figure 3 - Landslide close to the HIMERA viaduct. 

 

Figure 4 - Reginella Landslide 

3.1 GIS layer structure 
In order to produce a landslide susceptibility map 
based on the soft computing methodology and 
Analytical Hierarchy Process (AHP) multicriteria 
analysis, the following input data were used which 
were acquired from: 

- The Hydrogeological Plan (PAI) (Figs.5, 6) 
(containing landslides occurred in the past, 
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together with an assessment of areas with a 
future potential risk of landslide, but without 
an estimate of the annual probability of 
occurrence). 

- Remote sensing data produced through the 
classification and segmentation of images 
using OBIA and traditional pixel based 
techniques (Fig.7, 8). 

- UAV Data survey. 
- Vector and raster layers and derived maps 

(DEM, Remote Sensing images (Google 
Earth), Rainfall Map, Elevation Map, 
Lithology Map, Land use Map, Slope Map). 

 

Figure 5 - Lithological maps. 

 

Figure 6 - Land Use 

 

Figure 7 - Classification of satellite images  

 

Figure 8 - Segmentation with pixel visibility 

The GIS was created by overlapping several layers 
(raster and vector). In particular, the raster layers are 
related to: DEM, Precipitation map, Elevation map, 
Lithology map, Land use map, Slope map and 
Contour lines. The level curves used as vector layers 
are obtained from our detected three-dimensional 
model, subsequently vectorized and transferred to 
our GIS, comparing them between scenario 1 and 
scenario 0, so as to be able to make measurable the 
displacement that is occurring on the collapsed body. 
 
The objective of this work is to create a landslide 
susceptibility map through the weighted combination 
of various indices based on the values reached by the 
characteristic factors in the landslide areas 
highlighted in the PAI and on the further evaluation 
of the factors through the soft computing techniques 
that allow to predict indices and weights useful to 
calculate the different study area susceptibility. The 
calculated indices refer to factors such as slope, 
lithology, and land use. The landslide susceptibility 
values obtained were divided into five classes: very 
low, low, moderate, high, very high. The resulting 
network infrastructures that are particularly relevant 
during the emergency and which require plans to 
reduce the risk of landslides were highlighted by 
overlapping the main network infrastructures 
obtained from segmentation and classification of 
remote sensing data on the landslide susceptibility 
map obtained soft computing techniques and the use 
of fuzzy logic and “if-then” [10-17]. 
 
3.2 Landslide susceptibility map 
The assessment of landslide susceptibility can be 
complicated because it is very difficult to assess both 
the space and the temporal distribution of past events 
for large areas mainly due to limitations and gaps in 
both historical records and geographical information. 
The landslide susceptibility assessment can be 
considered as the first step towards a hazard and risk 
assessment. 

 
In the proposed study, areas with different classes of 
landslide susceptibility are market with different 
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colours (from green, which indicates a very low 
susceptibility, to red, which stands for a very high 
susceptibility). 

 
To produce the landslide susceptibility map, a total 
of 5 inputs were selected for the model, considering 
the main characteristics of the landslides: slope, 
lithology, elevation, rainfall and land use. Each factor 
was characterized in classes whose weight was 
determined on the basis of the relevance resulting 
from the analysis of the map of landslide areas 
identified by the PAI and from the remote sensing 
images. The weight of each class (Table 1) was 
determined by the neural network that allows to 
predict weight’s values through the interconnection 
of different input data; this procedure is based on 
historical series data acquired on the same data and 
from the parameters behavior measured in similar 
events occurred during the time (same land typology, 
land lithology, kind of landslide, land use, and 
vegetation presence). The importance of the five 
factors were instead determined using the Analytical 
Hierarchy Process (AHP) multicriteria analysis 
method, considering the slope, the elevation, the 
precipitation as the main factors. The resulting index 
was finally obtained (Table 2) by multiplying the 
weight of each class of factors and the weight of the 
same factor collected by the AHP model. 

Table1 - Characteristic factors weights. 

 

Table2 - Resulting index. 

 

For the landslide susceptibility map (Fig. 10), we 
used the neural network to predict the behaviour of 
the individual actions. We have given as input the 
climatic events such as rainfall, temperature changes, 
any fires that have occurred in the area, any anthropic 
activities in the area, corrivation phenomena.  

The data obtained for the assessment of susceptibility 
were classified into five categories: Very low, Low, 
Moderate, High, Very high. According to the results, 
22% of the study area is classified as very highly 
susceptible, 36% as highly susceptible, 20% as 
moderately susceptible, 17% as lowly susceptible 
and 5% as very low susceptible (Table 3, Fig.9). 

Table 3 Landslide susceptibility evaluation 

Lanslide Susceptibility Index 

Very low 0,062 

Low 0,164 

Moderate 0,201 

High 0,375 

Very High 0,227 

 

 

Figure 9 - Landslides susceptibility map.  

The results mentioned above show that 64% of the 
entire territory of the province is affected by a strong 
landslide susceptibility value. From the map obtained 
(Fig.6) it is possible to note that the high and very 
high susceptibility are the hills, that is, the areas 
between the coasts and the central part of the 
province. These areas are particularly relevant for the 
connections within the various internal urban areas 
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and the main inhabited centres and services located 
along the coasts. Furthermore, the landslide 
susceptibility assessing procedure adopted is in 
accordance with the work carried out by the Sicilian 
Region Basin Authority: 75% of the areas with high 
and very high susceptibility coincide with the 
landslide areas identified by the PAI maps.  
 
3.3 Lifelines for transport  
The lifelines are the networks, which are developed 
throughout the territory to connect the various 
settlements and points of interest of the various 
subsystems. They guarantee the essential services 
necessary for the functioning and survival of 
communities (transport, telecommunications, 
energy, water and health networks). We can define 
them as the set of structures, infrastructures and 
services indispensable for a given maintenance of the 
systems and/or life protection. The engineering of the 
guidelines must not refer exclusively to natural 
disasters, such as earthquakes, but in general, to any 
type of emergency due to a generic human or natural 
danger or disaster: meteorological or water, 
geological events, fires, floods, toxic and industrial 
accidents, transport of materials. To design, adopting 
the criteria for the maintenance of lifelines means 
having greater guarantees of reliability and efficiency 
in any emergency condition [18-22]. 

These aspects of infrastructure design and 
management have come to the attention of the public 
with greater interest only in recent years.  

Recent experiences have highlighted the extreme 
importance of the functioning of lifelines (networks 
throughout the territory connecting settlements and 
points of interest with essential services necessary for 
the functioning and survival of communities) in the 
emergency conditions following a catastrophic event. 

Some lifelines must ensure effectiveness and 
efficiency immediately after the disaster, in some 
cases it must be maintained during the event, to allow 
rapid and efficient access and assistance and rescue, 
guarantee evacuation and more generally maintain 
access to all emergency services [23-27]. 

3.4 Lifelines for road transport  
The Sicilian road network consists of 570 km of 
highway, 3.591 km of statal road and other 16.660 
among Municipality, province and other (Fig.10). 
Road use varies with seasonal activities, and the 
variability is particularly significant in tourist 
attraction areas. 

The strategic roads, which are the backbone of the 
transport lifelines, have been classified according to 
the flow of traffic, population served and relevance 
in the national and regional transport system (Fig.11). 

 

Figure 10 - Principal road networks. 

 

Figure 11 - Road network considered. 

This classification of the importance of the primary 
transport Sicilian network is based on the level of 
service in the event of a disaster, the traffic flows and 
the population served, defining three sets (Fig.8): (i) 
strategic transport; (ii) transversal access routes; (iii) 
secondary transport routes. 

We created a map from satellite imagery quickly 
extracting roads with Remote Sensing techniques, 
through the Object Based Image Analysis (OBIA), 
with a segmentation that starts from concepts of 
Mathematical Morphology. We superimposed it in 
GIS on the Open Street Map layers. 

The main purpose of this study is to identify the 
stretches of road network considered exposed to 
landslide danger starting from the susceptibility map. 
This is obtained with the application of soft 
computing techniques (neural network and fuzzy 
logic) to have the landslide susceptibility layer and 
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the image constructed with remote sensing and OSM 
superimposition techniques. Then a Fuzzy logic 
system with 2 inputs, 15 “if - then” and 1 output 
representing the “attention level” has been 
implemented in Matlab Environment. Fifteen “if-
then” fuzzy rules were set to evaluate the “level of 
attention”, according to the following logic [28-33]: 

- If the “susceptibility” is LOW and the 
“infrastructural relevance” is MODERATE, the 
“level of attention” is LOW. 

-  If the “susceptibility” is MODERATE and the 
“relevance of the infrastructure” is MODERATE, 
then the “level of attention” is HIGH. 

- If the “susceptibility” is HIGH and the 
“infrastructure relevance” is MODERATE, then 
the “level of attention” is HIGH.  

Fig. 12 shows the results of the road network 
considered exposed to landslide danger starting from 
the susceptibility map using soft computing 
technique. 

 

Figure 12 - Level of attention of the road 
infrastructures resulting from the analysis. 

3.5 UAV Survey (specific landslide 
monitoring) 
Once the susceptibility map has been built, it is 
possible to automatically select a particular study 
area via GIS in order to monitor it over time both for 
the evaluation of the space-time evolution of the 
landslide and for the production of warning systems 
for civil protection. The proposed methodology 
obviously refers to the use of UAVs. 

In particular, the availability of images acquired 
in different eras (generated with the monitoring 
system described above) useful for the automatic 
creation of 3D space-time models and consequent 
extrapolation of the contour lines (Fig.13 relating to 
the Himera Viaduct) allowed an estimate of the 

displacements and speeds surface at breakage of the 
collapsed effusion (Fig.14 relating to the Reginella 
Lanslide) [34-39]. 

 

Figure 13 - Orthophoto returned by UAV with 
delimitation of the landslide area (in magenta), 
representation of the contour lines (in red) and 

indication of the section considered (in blue) for the 
evaluation of displacements. Example applied on 

Himera viaduct. 

 

Figure 14 - Superposition of the displacements at 
break of the section aligned with the landslide. 
Example applied on the Reginella Landslide. 

The proposed system can also be used for fast early 
warning (comparison between two-point clouds of 
two surveys at different instants). In this way, a UAV 
would play a dual role, providing both to carry out 
the photographic documentation necessary to define 
the geometry and to detect the displacements of the 
ground and compare them with the values calculated 
at break: by sending an alarm signal in case of 
agreement and warning the protection civil in case of 
landslide risk (beginning of new landslides or 
continuation of landslides already started) which in 
turn can warn the population through social media. 

 
The displacements calculated at break will be 
accessible via the Web, through the dedicated 
platform.  

Furthermore, the proposed system allows to 
calculate the deformed mesh of a slope in different 
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instants of time, useful for carrying out a slope 
stability analysis with the Finite Differences Method 

(FDM). 

Finally, the automatic superposition of the digital 
models obtained in the various eras and the 
superimposition of the outputs of the calculation on 
the photographs of the slope allows the user to have 
an integrated multimedia environment on the Web in 
which the dynamic evolution of the landslide is made 
immediately visible through a video of the sequence 
of displacement of the soil mass [40-42]. 

 

 Figure 15 - Frame from the video Himera viaduct 
example.  

 

 

Figure 16 - Frame from the video, Reginella 
landslide example. 

A comparison was made between the results obtained 
from the monitoring carried out with the proposed 
GIS / UAV system and the results obtained from a 
traditional monitoring system based on the 
measurement of the displacements of points on the 
landslide and of stable points on areas not subject to 
landslides. This traditional monitoring was carried 
out through the installation of a robotic total station 
that measured the variations (the displacements 
obtained) in these stakes over time. 

Clearly from an operational, practical and visual 
point of view, the monitoring obtained by our system 
is much more intuitive and useful, as it is no longer 
based on a single point but on the entire area. In fact, 
we can compare the entire level curves of the area to 
scenario 0 and scenario n + 1 
 
 
 

4 Discussion 
The scientific literature published so far has led to the 
study and implementation of highly performing 
systems in relation to the prevention of territorial and 
environmental risk. The use of UAVs (Unmanned 
Aerial Vehicles) is still little exploited, despite the 
simplicity of use in different situations and for 
applications in the monitoring and prevention of 
natural hazards. Overall, the solutions adopted so far 
are limited to the simple achievement of a few 
specific results and often require the intervention of 
one or more operators. Our solution, on the other 
hand, differs from all the others, focusing on the 
automation processes of the various phases; on the 
combination of various technologies of Geomatics, 
Soft Computing, GIS; on the methods of 
dissemination of the multiple results obtained; and on 
possible methods to alert the population in case of 
danger. In order to provide a valid, complete and 
automated tool for the prevention of territorial and 
environmental risk and for early warning. 
 
5 Conclusion 
From the results obtained (Figs.15, 16) it is possible 
to note that the most relevant roads in terms of 
connection, such as the A19 motorway, and the other 
roads that connect the mountain village are those that 
indicate the highest level of attention. This result 
highlights the weaving of the network system of the 
province of the Sicily. Many of the infrastructures 
corresponding to a high level of attention, in fact, 
constitute the only link for very large areas. The 
analysis carried out highlights how impracticable the 
interventions, both active and passive, are to mitigate 
the level of risk on the identified lifelines, 
highlighting that the infrastructures represent the 
only way to reach the areas affected by a natural 
hazard and to provide the first aid to the population. 

Currently there are many tools for monitoring 
landslides or landslide risk areas (sensors, cameras, 
etc.), the use of the UAV, however, is still little 
exploited. In this work we wanted to demonstrate that 
remotely piloted vehicles can prove to be a very 
useful tool in order to monitor landslide risk areas, 
study landslide phenomena more accurately or as a 
possible new expeditious method for early warning. 
In the near future, research will focus on improving 
the platform created. 
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