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1. INTRODUCTION (P.VERSACH

In areas where landslide risk is very high, and financial resources are scarce
if compared with the necessary ones, an integrated approach that combines
structural and nostructural measures is necessary. In such areas, a complex
strategy needs to be dad out. It includes qualitative and quantitative risk
analysis, monitoring, advanced early warning systems, mathematical
modelling of rainfalllandslide relationship, decision making procedures, a
strategy for risk reduction measurasd plans for emeegcy management,
works and maintenance

In recent years, attention has been focused more and more on early warning
systems, by developing both single components and integrated systems.

An early warning system aims to ensure the provision of timely and effective
information that allow exposed people to make decisions in order to avoid or
reduce damages and the loss of life. The safety actions are efficient when
they are developed durinbe"leadtime”, that isthe time interval between

the moment of the event prediction and the moment of the landslide impact.
An early warning system is composed by: landslide susceptibility maps for
the investigated areas; scenarios for event impact ooserppeople and
goods; monitoring of key parameters; real time data transmission;
mathematical models and data processing for both current hazard evaluation
and future hazard forecasting; a warning model; an emergency plan in order
to avoid or reduce theathages and the loss of life; a decision making
procedure.

In the design of these systems the velocity of the expected landslides plays a
very important role, in fact it affects not only landslide destructiveness but
also the procedures for risk mitigatioss it can range from some tens of
meteas per second to some millimedeper year.

From a general point of view, there are four crucial moments in landslide
early warning systems: precursor forecasting firecursor occurrencex)t

event onset §§ andimpact on people and goods)(t
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Early warning systems are quite efficient when the time intervats) (is
sufficiently long to make decisions and take actions such as evacuation or
protection of structures and infrastructures.

When the time betweethe event onset and its impactte) is extremely

short, the early warning procedure must be based on precursor
measuremest This is the case of rapid landslides, as the time elapsing
between the onset of slope failure and its impact on exposed goods is
typically in the order of tens of seconds or few minutes. When the time
between precursor occurrence and event onset) (s also short the
forecasting of the precursor becomes essential. This is the case of shallow
landslides, for which the differen€ie-t,) is in the order of tens of minutes or

few hours.

Then, depending on the landslide velocity, the system can be addressed to
the movement detectiofi o r Asl owo toltlerfalesdstingivths or
mathematical models, of the movemensetf or i @oap andsl i des.
This paper describes an integrated system for landslide early warning that
considers both slow and rapid movements, develops original component,
achieves theimtegration in a flexible systethat can be adapted to different
environmentatontests.

2. LEWIS PROJECT (P. VERSACH

In the framework of the National Operational Programi2@0713
ifResearch and C dumdeak byi thei Bumpeans Regignal ¢ o
Development Fund, the Ministry of Research (MIUR) financed the project

AAn I ntegrated System for Landslide N
Mitigation al ong nymi FEWISi (haedslides Eany t h ac
Warning Integrated System).

The project includes industrial research, at site tests and training activities

with a two year master programme at postgraduate level.

University of Calabria and Autostrade Tech are the main partoethe

project, Strago and TD Group are the other industrial partners, together with
Universities of Firenze and Catania as research partners, and the
Interuniversity Consortium on Hydrology (CINID) as partner in the Master
organization.
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The project aimso develop an integrated, innovative and efficient solution

to manage risk issues associated to landslide prone infrastructures, by
developing and testing a system able to timely identify potentially dangerous
landslides, and to activate all needed messuior impact mitigation,
including the information delivery.

The system includes many components: standard criteria for evaluation and
mapping landslides susceptibility; monitoring equipment for measuring the
onset of landslide movement; telecommuniaatieetworks; mathematical
models for both triggering and propagation of landslides induced by rainfall;
models for risk scenario forecasting; a centre for data acquisition and
processing; a traffic control centre.

In Fig. 1 the flow chart showing the inteflation among the different
research components is outlined.

The integration of the system allows for maximizing its operational
flexibility as each developed component provides different interchangeable
technological solutions. Therefore, the final systeamy assume many
different configurations from the simplest to the most complex, to deal with
different scenarios. The flexibility depends essentially on the wide range of
monitoring equipment, both traditional and innovative, that have been
considered andn the different kind of mathematical models that have been
realized.

I n particul ar, the adopted monitoring
made up of a network of sensors that locally measure the start of shallow or
deep displacements, and thrdear ea 0 systems t hat remc
movement of large slopes. All the monitoring systems are fully integrated
and are connected to a unique data transmission system.

Concerning the mathematical models for landslide triggering, the system
includes bdt empirical and complete ones. The empirical or hydrological
models are simple relationships, obtained by linking the antecedent rainfall
and the occurrence time of landslide. On the contrary, the complete models
take into account the hydrological and gmbinical processdasvolved in

slope scaleand affectingstability. The complete modelsadoptedin this
research, include local models and areal models.

The compactness of the whole system is mainly based on standardized and
shared procedures for the idification of risk scenarios, for the surveys to

be carried out, for the procedures for each type eintesting, for the data
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assimilation techniques, for the presentations of results, such as risk maps
along the highway, landslides susceptibilitypsand so on.
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Figure 1. Interrelation among the different research components

The setting up of the data acquisition and processing centre and of the traffic
control centre are the core of the integrated system.CJAecED (A Centr o
Acqui si zione ed 1Hlata ICollecang iamdnRrocedsiagt i 0
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Center) acquires and processes data that are tremendously variable in

intensity, dimensions, characteristics and informationtent. The Control

Center for Road Network (CQGs meant to integrate the scientific and the

management aspects of hydrological risk monitoring and early warning.

The tests for experimentation and validation of the system are being carried

out in threehighway sections, related to Campania, Basilic&&labria and

Sicily, that are italian Regions interested by the Community Support

Framework.

In the following chapters the LEMS components will be described:

- Landslide susceptibility assessment

- Displacement measurement

- Measurement of transmission at@ta acquisition

- Intervention model

- The integration of Monitoring with the Control Center for Road Network
(CCC)

- Experimental activities

- The Training Program.

3. LANDSLIDE SUSCEPTIBILITY ASSESSMENT (F. MUTO, M.
CONFORT]I, V. RAGO

In this paragraph, a methodgly for the landslide susceptibility assessment

is presented, which was applied in the test areas of the Research FPtaect.
results of a case study along a section of motorway in Calabria (southern
Italy), wherealso presented

3.1METHODOLOGY

In landdide susceptibility analyses, the main phases are the collection of
data and the construction of a spatial database (Lan et al. 2004; Conforti et
al. 2012 2014). The construction of the spatial database, comprising several
maps, was based on three different tasks: digitizing and editing of previous
cartographic information, multemporal aifphoto interpretation and field
survey. Database include the gept@l, topographical, geomorphological,
land use/cover information and detailed landslide inventory map. These data
were included into the GIS system, which was used as the basic analysis
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tools for spatial management, data integration and susceptibilithysés
phase.

The geeenvironmental features of an area have different effect on the
occurrence of landslides, and can be utilized as predisposing factors in the
prediction of future landslides (VanWesten et al. 2008). In this study, the
predisposing facrs were selected among the most commonly used in
literature and in according with the geological and geomorphological
settings of the study areas. All data layers were transformed in raster format.
The landlide susceptibility was performed on the basi$ 6Conditi on
Anal ysisd statistical met hod applied
Unigue Condition Units (Carrara et al. 1998jig. 2). In this method
landslide susceptibility is expressed as landslide density in correspondence
with different conbinations of predisposing factor classes (Clerici et al.
2006).

The thematic layers were crossed in order to obtain all the possible
combinations of the various classes of the different predisposing factors.
Each specific combination represents a UniGoadition Unit (UCU). Their
number and size depend on the criteria used in classifying the predisposing
factors. Subsequently, the landslide presence, represented by the landslide
area, is determined within each UCU and the landslide density is computed.
Assuming as principle that it is more likely that landslides occur under those
conditions which led to slopmilure in the past, the computed landslide
density is equivalent to the future probability of occurrence. The conditional
probability is given by:

P(L|UCU) = landslide area / UCU area )

i.e. the probability of landslide occurrence (L), in an unique combination of
factors (UCU), is given by the landslide density in that specific UCU.
Landslide density in each UCU was computed and the susidigptmap

was realized.

The validation of the susceptibility model, obtained using the landslides of
the training set (Fig2), was carried out through the validation set (not used
in the training phase). Validation allows the export of models in otheszo
with similar geeenvironmental features. Therefore to quantify the
performance of the statistical method and evaluate its predictive capability,
the predictiorrate curve was developed and the area under ¢AkV€) was
calculated (Begueri2006; Chug & Fabbri 2003).

7
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3.2 AN APPLICATION ALONG A SECTION OF MOTORWA Y IN CALABRIA
(SOUTHERN I TALY)

The case study was conducted atong a
Reggio Calabria , bet ween Cosenza Sud and Al ti
(Fig. 3).

From a geological point of view, the study area is characterized by a
sequence of nearly fl&ging nappes including Paleozoic methamorphic and
plutonic rocks, and Mesozoic to Paleogene ophiolitic, raethmentary and
sedimentary rocksTansi et al. 200/ The® rocks are unconformably
covered by Miocene to Quaternary deposits. The main thrust fault crops out
in the upper portion of the study area, where gneiss tectonically overlies the
schist and the phyllite. Neogene normal and silike faults abruptly
increased tectonic uplift, and conditioned the orientations of drainage
channels.

Geology and tectonic setting, have strongly controlled the geomorphology of
the study area, which is dominated by a mountainous landscape
characterized by steep slopes, morentB8° in average, and a high local
relief due to the rapid uplift of the Coastal Range deeply dissected by V
shaped valleys, which are locally fault controlled. Where phyllitic schists
predominate, the ridges show a sharp crests and the slopes are dffected
widespread slope instability (Le Pera & Sorfigalvo 2000). Therefore, in

the study area the dominant slope processes are related to landslides and
runningwater processes that essentially control the pratsnt
morphological evolution of the reliefand are responsible for serious
damage to property and infrastructure.

Landslide inventory map at the 1:10000 scale was carried and a total of 835
landslides were mappe@Fig. 4). The type of movement are represented
mainly by slides and complex and sutioately flow. Most of the observed
landslides are active; as for the evolutionary trend of slope movements in the
area, retrogressive evolution generally prevails. In order to estimate and
validate landslide susceptibility map, the landslide inventory naadomly
divided in two groups. One group (k&ining set) was used to prepare
susceptibility map and the second group-{laBdation set) to validate the
susceptibility map.

In this study, seven predisposing factors (PFs) were selected among the most
commonly used in literature to evaluate landslide susceptibility; in
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particular, the results of field surveys andaiioto interpretation suggested
that lithology, faults, landse and a series of topographic factors as slope,
aspect, plan curvature and stream power index (SPI), match very well with
landslide distribution in the study arel@id. 4). Lithologies and faults were
derived from the geological map. The land use wassiflad through air
photo interpretation and Corine Land Cover project maps. Slope, aspect,
slope curvature and SPI were automatically derived from DEM with a
resolution of 20 x 20n pixel size.

To evaluate the landslide susceptibility the PF maps wessed, in a GIS
environment, in order to obtain a UCUs map containing all the class
combinations present in the study ar€ag.(4).The number of potential
UCUs in the study area, i.e. the possible combinations of the different
classes of the seven PFs28300(Fig. 4). Of these, 7030 are present in the
study area. Tén, the landslide density within each UCWhich represent

the susceptibility values, was calculated overlapping th&rdiing set with

the UCUs map.

These values were classified into fawsceptibility classes: low, moderate,
high, and very high (Figha). The results showed that the 38% of the study
area is characterized by susceptibility high and very high BBy

The overlay of susceptibility map and 4@ining set showed that 82%6

the landslide werecorrectly classified, falling in high and very high
susceptibility classes.

To evaluate the predictive power of the landslide susceptibility model, the
independent subset of landslides {&idation set) was used and
predictionrate curve was computed. The results showed that the 78% of the
LS-validation set falls within the most susceptible areas and an AUC value
of 0.83(Fig. 5b) attesting a good performance of the susceptibility analysis.
These results suggest a good reliabilityhe adopted statistic method and of
the selected predisposing factors.
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Figure 2. Flow diagram showing the landslide susceptibility method
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Figure 3. Location and landslide inventory map of the of study area
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5(SPI1) x 3(Curvature) = 28800

Figure 4. Location and landslide inventory map of the of study area

4. DISPLACEMENT MEASURE MENT

4.1 AREAL MONITORING SYST EMS

Areal monitoring activities, performed in the framework of a national project
on ALandslides Early Warningo, ar e
and lowcost radar configurations, the first one based on the adoption of a
software radio platform, theecond one using a compact Vector Network
Analyzer as SFCW scatterometer module, were developed by Microwave
Lab at University of Calabria, while a portable and versatile Gr@agtd
Interferometric Synthetic Aperture Radar (BEBSAR) was proposed by
Department of Earth Sciences at University of Firenze . Experimental results
were carried out as validation tests to demonstrate radar range detection
capabilities for both software defined platform and scatterometer, while
displacement maps, calculated fram interferogram obtained through a 3
days long measurement campaign, were performed to experimentally
validate GBINSAR features.

11
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Figure 5. a) Landslide susceptibility map of the study area; b) Predictitsncurve
correspoding to landslide susceptibility model

4.1.1L-BAND SOFTWARE DEFINED RADAR (S.COSTANZO, G. DI MASSA
F. SPADAFORA, A. RAFFO, A. COSTANZQ L. MORRONE A. BORGIA, D.
MORENO)

The primary goal in the design of thebland radar system is the possibility
for the radar signal to go over the possible vegetation layer on the mountain
under observation; this justifies the choice of thikand, able to realize the
wave penetration feate. An antenna rotor is used in order to perform the
complete scanning of the area under analysis and an amplification circuit,

12
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with a power amplifier and a low noise amplifier, is adopted in order to
improve the capability of the radar to detect thenaigData acquisition,
signal processing, and the broadcast of the radar data to a possible
acquisition centre is performed by a LabView application on an integrated
PC with 15 processor (MXE5302). The antenna used in transmission is a
standard gain hornngenna, while the receiver antenna is an array of 8x4
elements specifically designed in the framework of the project.

The totally remote control of the radar system is implemented with a single
board computer RaspBerry and a GSM module for the recepfiams,
e_mail command or wireless control.

The entire block diagram of the L band radar system is shown.iB.Fig

TX Antenna

RX Antenna

<

0

N
SBC USRP
VIXE NI 2920

5302

o

7SM Remote

controlle

Figure 6. L-Band Software Defined Radar system

The main features of the software application for the entire management of
the system are the following:

1 friendly Grafic Interface User;
possibility to save both the raw and the processed data;
setting of the main radar parameters;
possibility to divide the scene under analysis in two or more sector;
setting of the parameters relative to the antenna rotor (n° scan and
degree for every scan);

= =4 —a -8
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1 autosave of the data;

9 transmission of the data to an acquisition and elaboration centre.
A printed microstrip antenna, composed by a rectangular slotted patch and
fed by a coaxial pin, has been considered as the elementary radiating element
for the array supporting the receiving channel of the Software Defined Radar
System, while a standard WAS0 Horn antenna, operating in the frequency
range 1.7GH2.6GHz, performing 20dB gain, has been used in the
transmitting one. A picture of the array, mounted in the far field tests, is
shown in Fig7.

Figure 7. Proposed micrdsp patch array for radar application (ffeld test)

The adoptedradar signal processing a particular pulse compression
technique calledstretch Processor, generally used for target detection. The
transmitted signal is a chirp waveform and the corresponding radar slant
resolution is equal t@¥cd, where c is the frespace velocity and B is the
signal bandwidth. According with the USRB20 hardware, the slant range
resolution results to be equal to 6m.

14
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The processing consists in four distinct steps: first, the radar Rx signal is
mixed with a replica of the transmitted waveform; then Low Pass Filtering
(LPF) and coherent detection arerformed in order to avoid the high
frequency response achieved at the mixer output. Afterwards, Analog to
Digital (A/D) conversion in performed and finally the Fast Fourier
Transform is used to extract the tones proportional to the target range. A
block diagram for a stretch processing receiver is illustrated in8Fig
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Figure 8. Stretch processor block diagram

In order to validate the L Band radar system and the signal processing
tecnique, both fregpace and indoor tesksve been performed. The radar
hardware was assembled in a dedicated case for instruments, and a picture of
the entire system is depicted in Fig

The aim of the experiments was the detection of a metallic sheet at several
distances, and the relative aseirement setup are shown in Figure 9. In the
test, foliage penetration usingdand signal with horizontal polarization was
verified hiding a metal plate behind the trees. An example ofhineadar
response is reported in the graphFad. 10.
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Figure9. L-Band radar system
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Figure 10. Radar system response with a target detection approximately 54m
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4.1.2 STEPPED FREQUENCY CONTINUOUS WAVE RADAR (S. COSTANZQ
G. DI MAssA F. SPADAFORA, A. RAFFO, A. COSTANZG, L. MORRONE, A.
BORGIA, D. MORENO)

A SteppeeFrequency Continuotd/ave (SFCW) radar has been realized by
adopting a compact Vector Network Analyzer, controlled by a C# .NET
interface, and connected through a switch module and a Butleix @
transmitting and receiving microstrip array antennas, in order to realize an
azimuthal scanning capability able to select a specific investigation area.

To capture an entire scene, the scan on four different areas, illuminated by
the same microspiarray antenna, is required. Since the installation site is
not provided for the constant presence of an operator, a framework has been
developed for the beam switching in reception and the remote switching on
and off of the elements.

This allowed us toreate a system able to optimize a wide range of goals,
such as reduced power consumption, size limits, performance, reliability and
cost constraints.

The block diagram of the-Band SFCW radar is reported in Figure 11.

Remote Power
Control
Signal
Processor
Source Control

X RX
Scatterometer Box
source || Switch
Selector
Box
e Antennas =
Antenna Box Antenna

Figure 11. C-Band SFCW radar (top level)

The system is composed of three basic parts:

17
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1. Scatterometer Box which is responsible for the generation and the
amplification of RF signals, the acquisition of scattering parameters,
the storage and processing operations, and the reconstruction of the
HRR Profile. It also incorporates the control block for the beam
scanning, the remote activation and the data transfer managing by
remote server through socket TCP/IP interface, having its own
protocol.

2. Switch Box, which contains an RF switch that along with the Butler
matrix, located inside the Box Antennas, selectslibam scanning
direction.

3. Antennas Box which contains, in addition to the Butler matrix
mentioned above, the antennas for transmission and reception.

A photograph of the ®and radar system is illustrated in Fi(a), while

the software interface isperted in Fig. 12(b).

Experimental tests have been performed to validate the radar range
resolution, equal to 30 cm for a bandwidth operation of 500 MHz. (Fig
12(b)). An example of accurate position identification in the presence of two
test targets givehy two metal plates (Fid.3(a)) is reported in Fid.3(b).

Range
Resolution
30cm

Figure 12. (a) Photograph of @and SFCW radar and (b) software interface
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Figure 13. (a) Twotesttargets and (b) proper targets identification bahd
SFCW radar

4.1.3 INTERFEROMETRIC AREAL CONTROL (F. BARDI, R. FANTI, F.
FIDOLINI, E. INTRIERI, N. CASAGLI)

The GrouneBased Interferometric Synthetic ApertRADAR (GB-InSAR)
adopted in this project is the upgrade realized by Ellegi Lisalab of the
apparatus originally developed by the European Joint Research Centre of
Ispra (Tarchi et al. 1999); with time, several versions of this tool were
applied to monitotandslides (Del Ventisette et al. 2011; Intrieri et al. 2012;
Atzeni et al. 2014; Gigli et al. 2014), volcanoes (Di Traglia et al. 2013;
2014; Intrieri et al. 2013a), glaciers (Luzi et al. 2007), buildings and
structures (Pieraccini et al. 2000) and arci@gical monuments (Tapete et

al. 2013).

It is able to detecsubmillimetric displacements for an areal scenario up to
few hectares wide, has been developed and tested. The system is composed
of a transceiver, a 2.1 m long linear rail and two antennasngnaw it in

order to obtain a maximum synthetic aperture of 1.8 m. It is also equipped
with an UPS (Uninterruptible Power Supply) to obviate to temporary power
supply interruptions. In such a system, transmitting and receiving antennas
are mounted besidene another in a quasimonostatic configuration on a
mechanical linear rail, which is compuiontrolled, synthetizing a linear
aperture along the azimuth direction in order to enhance the spatial
resolution and to allow the detection of areal displacesditte instrument
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