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Abstract. In this paper, we introduce a project for the real- on an urban center can be considerably reduced by an emer-
ization of the first European real-time urban seismic networkgency management center, through timely and targeted ac-
based on Micro Electro-Mechanical Systems (MEMS) tech-tions in the immediate post-earthquake.
nology. MEMS accelerometers are a highly enabling tech- A real-time Urban Seismic Network (USN), consisting
nology, and nowadays, the sensitivity and the dynamic rangef a high density of stations installed on the urban cen-
of these sensors are such as to allow the recording of earthter to monitoring, could provide immediate alert and post-
guakes of moderate magnitude even at a distance of severabrthquake information summarized in maps of ground mo-
tens of kilometers. Moreover, thanks to their low cost andtion parameters, which might allow to greatly improving
smaller size, MEMS accelerometers can be easily installed inhe effectiveness of rescue operations. The centers for post-
urban areas in order to achieve an urban seismic network corearthquake emergency management could use this informa-
stituted by high density of observation points. The networktion to decide the action priorities in order to minimize the
is being implemented in the Acireale Municipality (Sicily, loss of human lives, with optimally managing the available
Italy), an area among those with the highest hazard, vulneraresources. Unfortunately, the high costs associated with the
bility and exposure to the earthquake of the Italian territory. construction and installation of traditional seismic stations
The main objective of the implemented urban network will has made impossible (until now) the realization of a seismic
be to achieve an effective system for post-earthquake rapidgietwork at urban scale.
disaster assessment. The earthquake recorded, also that withThe recent technological developments in the field of
moderate magnitude will be used for the effective seismicMEMS (Micro Electro-Mechanical Systems) sensors, can
microzonation of the area covered by the network. The im-now allow the creation of a USN at low cost. MEMS de-
plemented system will be also used to realize a site-specifizice are a highly enabling technology with a huge commer-
earthquakes early warning system. cial potential. In the 90s, MEMS sensors revolutionized the
automotive airbag system and are today widely used in lap-
tops, games controllers and mobile phones. Thanks to the
great commercial success, the research and development of
1 Introduction MEMS technology actively continues all over the world.

Due to their versatility, MEMS sensors are increasingly
In recent decades, the population growth and the consequeRling used in a wide field of science, including the physical,
expansion of urban centers, often close to major industriakngineering and medical one. In the last decade, a number of
areas, have led to a significant increase in exposure of the Ukasearch institutes in the fields of geophysics and seismology
ban areas to the risk induced by earthquakes. When a stronggined interest in this promising technology. Nowadays, the
earthquake occurs, the loss of human lives depends primakensitivity and the dynamic range of these sensors are such as
ily on the intensity of the shaking, on the vulnerability of the to zllow the recording of earthquakes of moderate magnitude

buildings and on the effectiveness of the rescue operations igyen at a distance of several tens of kilometers (D’Alessandro
the immediate post-quake. The impact of a strong earthquake
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and D’Anna, 2013; Evans et al., 2014). Moreover, because ofpopulation density of 1300 inhabitants per ¥mThe city
their low cost and small size, MEMS accelerometers can besettled in the current area as early as the fourteenth century.
easily installed in urban areas in order to achieve an USNThe town is sited on a lava plateau called Timpa, with an
constituted by very densely spaced stations. In California theaverage altitude of about 160 m.
development of seismic networks consisting of MEMS sen- The urban plan is typical of late-medieval cities of Sicily.
sors has already started, including the Quake-Catcher NetAcireale is regarded as an important economic, cultural and
work (Cochran et al., 2009), operated by Stanford Univer-artistic heritage. The center of Acireale has many historic
sity, and the Community Seismic Network (Clayton et al., buildings and places of worship of great artistic value, which
2011) operated by the California Institute of Technology. are considered to be sites of national heritage. The Na-
However, the aforementioned networks are still at an experitional Institute for Conservation and Restoration has identi-
mental stage as they are built on the basis of the activities ofied more than a hundred of historic buildings of great cul-
volunteers. Itis clear however, that the international commu-tural and artistic value having high seismic vulnerability.
nity of seismology is focusing on that technology that could Acireale, which has grown considerably in the second half
revolutionize in a short time the way to monitor earthquakesof the nineteenth century as the “City of the Studies”, now
(Chung et al., 2011; Cochran et al., 2012; Kohler et al., 2013,gathers a large number of primary, secondary and higher sec-
Lawrence et al., 2014; D’'Alessandro, 2014b). ondary, public and private schools, used by most students of
At the beginning of 2014, under an agreement between th@eighboring municipalities. Figure 2 shows the location of
University of Palermo, the National Institute of Geophysics more than 200 sites with high exposure and vulnerability to
and Volcanology and the Department of Sicilian Civil Protec- the earthquake identified among the historic buildings and
tion (Italy) has been funded a project called MEMS (Moni- schools of the Acireale municipality.
toring of Earthquakes through MEMS Sensors). The MEMS The town of Acireale is exposed to the effects of dam-
project involves the realization of an USN constituted of sta-age of both regional earthquakes and local volcano-tectonic
tions based on MEMS technology. As a pilot site for the real-events (Fig. 1). Among the first one there are several strong
ization of the MEMS project was chosen the municipality of earthquakes such as those of 1169 and 1693, located in the
Acireale (Sicily, Italy), whose urban areas are among thosesoutheastern Iblean, and that of 1908, with epicenter in the
with the highest seismic hazard and vulnerability to the earth-Strait of Messina. The earthquake of 4 February 1169, hit
quake effects in Italy (Azzaro et al., 2010, 2013). the entire eastern Sicily and the southern part of Calabria
The network that is being achieved will be able to mea- causing major destruction. This earthquake shook all the vil-
sure both the translational and the rotational component ofages that arose in the current area of Acireale. The earth-
the wave field generated by an earthquake. The MEMS staquake of 1169 caused the almost total destruction of the vil-
tions will be located inside strategic and sensitive buildingslages and the dispersion of the population in the hinterland
(i.e. characterized by high vulnerability and exposure) suchwith the birth of the various Aci villages. In 1693, on two
as schools, hospitals, public buildings and places of worshipoccasions, on 9 and 11 January, two earthquakes hit a vast
The recorded waveforms will be processes in real-time byarea of eastern Sicily hard. The effects were catastrophic in
an automated system to determine, following a moderate t@bout 40 towns in the Noto Valley. The damage caused by the
strong earthquake, several shaking parameters that will bewo earthquakes were enormous, since it can be considered
used to create shake maps at the urban scale. These maps ¢ha greatest catastrophe in the history of the Italian seismic-
be used by the competent authorities, like the Civil Protec-ity. Acireale was devastated; more than sixty per cent of its
tion, for the optimization of the immediate post-quake inter- built heritage was destroyed. There were 739 victims on a
ventions. population of nearly 13000 inhabitants. The earthquake of
In the following, after the characterization of Acireale 28 December 1908, had its epicenter in the Messina Straits
in terms of historical seismicity and related seismic haz-and caused very serious damages and collapses in all towns
ard, we describe as we are realizing the USN and the posthat stood on the northern and eastern slopes of Mount Etna,
earthquakes rapid disaster assessment system. Both perfaiso taking several deaths in Acireale.
mances, potentialities and possible future developments will To such catastrophic events, also some destructive local
be discussed. earthquakes must be added, as that of 1848<6.2) and
the numerous volcano-tectonic events generated by the Etna
volcano. Even if such events have generally low magnitude
2 Acireale setting (M < 5), because of its shallow deptk @ km), in the past
have caused very serious damage and even destruction with
The area selected for the realization of the USN is themaximum epicentral intensity of of the European Macro-
Acireale municipality (Italy). Acireale is located in the mid- seismic Scale (EMS-98, Griinthal, 1998).
dle of the lonian coast of the Sicily, at the southeastern slopes Figure la shows the distribution of earthquakes that
of the Etna volcano (Fig. 1). The municipality covers an occurred in the Etna region from 1669 to 2008. In
area of about 40 kfwith a population in excess of 50000 less than 200 years over 190 earthquakes occurred that
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Figure 1. (a) Distribution of Etna earthquakes occurred between 1669 and 2008 (Azzaro et al., 2010). In blue the epicenters of earthquakes
of magnitudeM > 3.7, corresponding to an epicentral intendigy> VIl EMS, in gray smaller eventsd§ < VII EMS). The red lines indicate

major faults outcropping (dashes on the low side)earthquakes with epicentral intensigy> VIl EMS-98, corresponding to a magnitude

M > 4.1, occurred from 1669 to 2008 in the Acireale and surrounding areas (Azzaro et al., 2010).

caused damage, almost one every year. These earthquakestailed microzonation of the urban center of Acireale, based
have caused severe damade=£ VII-VIII EMS-98) every on direct observation of the shaking caused by an earthquake,
15 years and destructiong(=1X—X EMS-98) with loss  would therefore be highly desirable, especially looking at the
of human lives every 30 years (Azzaro et al., 2010). Fig-results of recent studies of seismic hazard of the eastern slope
ure 1b instead shows the earthquakes with epicentral intensf the Etna (Azzaro et al., 2013).
sity Ip > VIII EMS-98, corresponding to magnitudeld >
4.1, occurred from 1669 to 2008 in the Acireale and sur-
rOUnding areas (Azzaro et al., 2010) Most of these event% Instruments, methods and performance
were generated by the Timpe fault system on which stands
the Acireale town. This system is characterized by a selMEMS devices have been recognized as one of the most
of tectonic structures with complex failure mechanisms, promising technologies of the XXI century, able to rev-
strongly heterogeneous from the point of view of seismo-olutionize both the industrial world and that of the con-
tectonic behavior. sumer products. MEMS devices have dimensions on the
In recent times, several neighborhoods of the Acirealeorder of microns and are made directly on a silicon sub-
town were damaged by the mainshodk,(4.4) of the seis-  strate. The construction technique is fairly simple and there-
mic sequence that started on 29 October 2002. Following thisore economical, because is the same of any integrated cir-
earthquake, more than 400 buildings of Acireale were de-uit (photolithographic process). The electromechanical mi-
clared uninhabitable. crosystems are nothing more than a set of devices of various
Recent seismic microzonation studies (Azzaro etal., 2010kinds (mechanical, electrical and electronic) highly minia-
have highlighted the extreme variability of the Acireale sub- turized integrated on the same silicon substrate, combining
strate foundation (Fig. 2). This shows a great lithological electrical properties of the semiconductor integrated with the
variability, showing rapid lateral and vertical variations from opto-mechanical one. Therefore, these “intelligent” systems
over-consolidated clays, to massive lava, slag or anthrocombine electronic and mechanical functions in a very small
pogenic carryovers. The strong geological variations havespace.
made the characterization of Acireale in seismic perspec- The operation of MEMS can be described considering the
tive very difficult and the seismic microzonation unsatis- integrated circuit as the “brain” of the system that makes pos-
factory. These abrupt changes of the geology (in particulassible the monitoring of the surrounding environment through
the presence of low§ wave velocity body in contact with a  the other devices (sensors) found on the same chip. A MEMS
high S wave velocity body) may generate strong site effectsdevice is therefore a system capable of receiving informa-
that can significantly amplify the intensity of shaking dur- tion from the environment by translating the physical quanti-
ing an earthquake. Current and recent floods in contact withjes into electrical impulses. The sensors can measure phe-
old rocks are present in the Acireale urban area (Fig. 2). Anomena of various kinds: mechanical (sound, acceleration
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Figure 2. Geological map of Acireale and surrounding (Azzaro et al., 2010) with located more than 200 candidate sites identified among
historical buildings and schools with high seismic vulnerability and exposure.

and pressure), thermal (temperature and heat flux), biolog- ~ .

ical (cell potential), chemical (pH), optical (intensity of light - TE ]

radiation, spectroscopy), magnetic (intensity of flow). ‘
Nowadays, the sensitivity and the dynamic range of sev-

eral low-cost MEMS accelerometers are such as to allow
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the recording of earthquakes of moderate magnitude even a 4 . o uﬂu‘ o '
a distance of several tens of kilometers (D’Alessandro and & 150 \ 150
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D’Anna, 2013; Evans et al., 2014). The MEMS device used )

for the construction of the stations that will constitute the i , .

USN, is the model 1044 _0 (3/3/3 PhidgetSpatial PreC|S|onF'gure 3. MEMS model 1044_0 (3/3/3 PhidgetSpatial Precision

High Resolution) produced by the Canadian company Phid- High Resolution) produced by the Canadian company Phidget Inc.;

Pe reported measures are in inches.

get Inc. The sensor was chosen from among hundreds o

MEMS devices on the market based on its performance, cost

and in relation to the objectives that the MEMS project aims

to achieve. published by Evans et al. (2014) and further laboratory tests,
The MEMS device model 1044_0 (Fig. 3) integrates a confirms the high performance of this MEMS accelerometer

three-axis capacitive accelerometer and is also equipped withind its suitability for the earthquakes monitoring.

a gyroscope and a magnetometer, both tri-axial. The circuit The integrated accelerometer operates in high sensitiv-

of transduction is internal to the device and is of the digi- ity mode for acceleration less df2 g (g=9.80665 m52);

tal type, for which the outputs are already in a digital format in this range, the sensor provides a linear output signal.

and proportional to the measured quantity. The integrated acThis value guarantees that the sensor is able to record even

celerometer is able to measure both constant accelerationgry strong accelerations, such as those induced by a catas-

(usable as a tilt sensor) or variable in time (used to measurérophic earthquake, remaining in linear regime. The resolu-

the oscillation induced by an earthquake). It features threedion or sensitivity of the sensor is 76.3 pg, which implies a

sensing elements oriented along three mutually orthogonadlynamic range greater than 44 dB. The bandwidth, which

axes able to measure the acceleration vector of the waveis the frequency band in which the system has linear re-

field generated by an earthquake. All accelerometers mansponse, is 0-497 Hz. As well known the frequencies gener-

ufactured by Phidgets are individually calibrated by abso-ated by an earthquake are at most of the order of tens of Hz.

lute measurements of gravity along the three axes, and thi$hose of interest for earthquake engineering, i.e. those that

guarantees the high accuracy of the sensors. The recent papesin create more damage to buildings triggering resonance
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phenomena, are included in a more narrow range (approxi- (a)
mately 0.1-20 Hz) and therefore largely contained in the fre-
quency band of this MEMS accelerometer. The MEMS ac-  «
celerometer self-noise has standard deviation of 280 pg. It is
clear that any seismic acceleration less than this value woulo
be hardly detectable in the signals acquired by the sensor:% )
However, this value of standard deviation does not constitute &
a limitative factor for the aim of the MEMS project because .«
is of the same order of that expected for the seismic noise in
urban areas.

In order to evaluate the performance of the USN in terms
of detection magnitude, was determined the Power Spectrurr ~ °s o L 0 ©
Density (PSD) of the self-noise generated by the tri-axial ac-  (b)
celerometer integrated into the MEMS device model 1044 0. .,
The self-noise noise was determined by acquiring 72 h of sig- -, *®

0

nal, using six MEMS 1044 _0 devices, at a site characterized " om

-0.04

by very low seismic noise. The acceleration PSD’s calculated o

for all three components of the six sensors are very similar; ;g

therefore their average value has been calculated (Fig. 4a)., *®
5

In the frequency range 0.05-40Hz, the PSD lies between <=
approximately—58 and—70 dB (ms2)2Hz~! and shows a .
monotonically decreasing trend as a function of frequency. Coor o m B e T E e
For a comparison, in Fig. 4a is also shown the upper Pe-_ .
terson (1993) seismic noise reference PSD. This PSD indif19ure 4. (a)Average PSD of the self-noise produced by the MEMS

cates the maximum expected power for the seismic noise 0Jr044_0 device accelerometer (blue line) with over plotted the mean

it h the bedrock out located far f b horizontal earthquake spectra (red line) of a shallow local seismic
Sites where the bedrock outcrop, located far irom urban Ceng, ., withM 4 recorded at the epicentral distance of about 35 km

ter or industrial areas, and refers only to the vertical COMPO+,y the same device. For comparison it is also over plotted the upper
nent. The self-noise produced by the MEMS sensor is quite eterson (1993) seismic noise reference PSD (black Ifogyaw
bit higher than the Peterson (1993) reference curve, but lowys component waveform of the local event describedahnas
enough to allow recording of earthquakes of moderate magrecorded by a MEMS 1044_0 device accelerometer (blue line) and
nitude, and therefore suitable for the purposes of the projecta professional force balance accelerometer (black line).

Moreover, as well known, human and industrial activ-
ities generate an intense noise in a wide range of fre-
quencies, which can exceed of 20-30dB the upper Peterbetween 0 and 260 km. Using this empirical law we deter-
son (1993) curve. In addition, the ambient noise recordedmined the PGA values (horizontal components) generated
on the horizontal components, is generally much larger tharby earthquakes of magnitud@/g) between 3 and 7.8 and
that recorded on the vertical component, in particular in theepicentral distance between 0 and 300 km. These PGA val-
presence of site effects. For the aims of the MEMS project,ues were compared with the values of standard deviation of
the stations will be installed in the urban center, samplingthe self-noise of the tri-axial accelerometer integrated in the
all outcropping lithologies. For these reasons, would be useMEMS device model 1044_0. Figure 5 shows the values of
less to use accelerometers with better performance but mucimagnitude and hypocentral distance for which the MEMS
more expensive. Figure 4b shows a local earthquaké; o8 accelerometer would be able to record the PGA of the hori-
recorded by a MEMS 1044 _0 devices and by a profes-zontal components, with a signal to noise ratio greater than
sional force balance accelerometer at the epicentral distancg0. The figure shows how the PGA generated by events of
of about 35km; the PSD of this earthquake is reported inmagnitude 3 may be recorded up to hypocentral distances of
Fig. 4a. Itis possible to observe that, in a relative wide rangeabout 70 km, in the case of bedrock outcrops, and of about
of frequencies, the spectrum of the earthquake exceeds ih30 km, in the case of soft soil. The PGA generated by earth-
power that of the self-noise of the MEMS accelerometer.  quakes of greater magnitude can be clearly recorded also at

In order to evaluate the performance of such MEMS sensohypocentral distances significantly higher.
in detecting the PGA on the horizontal components gener- In addition, the Single Board Computer (SBC) used for
ated by an earthquake, we used the empirical attenuation lathe realization of the station (described follow) has various
obtained by Ambraseys et al. (1996) and Simpson (1996)digital inputs that may allow the addition of other MEMS
This attenuation law has been obtained from the analysis ofensors. Adding additional MEMS accelerometers to a sin-
422 European earthquakes with hypocentral depth less thagle station could improve the signal to noise ratio by means
30 km, magnitude between 4 and 7.9 and epicentral distancef the synchronously stacking of the signals. Assuming that

-120
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Ambraseys et al. (1996) and Simpson (1996) gyroscope seems to have good performance (resolution of
0.02 and 0.013s~1 on horizontals and vertical axis, respec-
tively, self-noise standard deviation of 0.035%, and maxi-
mum measurable speed300° s~1). Unfortunately, since the
still small number of experimental observations made in the

2° field of Rotational Seismology, it is not possible to estimate
g the maximum possible rotations expected due to an earth-
£s e quake and therefore determine the effectiveness of this sen-
..ll. sor for the monitoring of earthquakes.
. 4‘- The MEMS device has a low power consumption, esti-

mated at a maximum current consumption of 55 mA. Power
can be supplied via a simple USB connection with a poten-
DB M0 R R0 M0 0 ey W00 0 20 @0 00 tial difference of between 4.4 and 5.3 V. The sampling step
can be set between a minimum of 4 ms to a maximum of 1s,

Figure 5. The graph shows, as a function of the magnitutigX  in local acquisition mode, and in a minimum of 12 ms for
and of the hypocentral distance, the detection performance of they maximum of 1's, in remote acquisition mode. These sam-
accelerometer integrated into MEMS device model 1044_0. The, ling steps, according to the Nyquist theorem, allow recon-
chart was obtained comparing the values of standard deviation o truction without aliasing of frequencies up to 125 and 41 Hz
the noise self-produced by the MEMS sensor with the PGA values

X . ~in local or rem m r ively. Th val nsur
expected on the horizontal components, determined by the empiri- ocal or remote mode, respectively €se values ensure

cal law of Ambraseys et al. (1996) and Simpson (1996). The white_the possibility to properly observe all frequencies of interest
and gray areas are those where the expected PGA exceeds the st

In the field of earthquake seismology. The analog to digital

dard deviation of the MEMS accelerometer self-noise by a factor ofcONversion is done automatically by means of a 16-bit digital
10, for sites with soft sediments and bedrock outcrops, respectivelyconverter. Furthermore, the temperature range of operation is
extremely large{40 to 85°C) ensuring the operation of the
device even in the most extreme temperature conditions. All
the coherent signal (in our case the earthquake waveform3pecifications above described, together with the small size
is the same in th&v recordings, while the self-noise is not of the device (3« 3.5 x 0.4 cm) and its low cost, make this
correlated, the synchronously stacking of the signals wouldVIEMS device suitable for the implementation of the USN.
allow an increase in the signal to noise ratio equa)/fs. Another sensor included in the MEMS device is the tri-

However, a tri-axial accelerometer alone does not allowaxial magnetometer. This magnetometer can be used as an
the full characterization of the ground motion generated byelectronic compass facilitating, during the installation of a
an earthquake. The motion of the medium sampled by thestation, the correct orientation of the horizontal components
wavefield generated by an earthquake can be described splitvith respect to the North. Such information, together with the
ting the wave field into two parts: translational and rotational. values of the acceleration of gravity, allow the correct instal-
Because of the difficulties associated with the realization oflation of the MEMS station without any external reference.
highly sensitive instruments capable of measuring with ac-In addition, once station is installed it is possible to remotely
curacy and precision the rotational motion generated by arcontrol any changes in these parameters caused by accidental
earthquake, the modern seismology is based on the measurgovement of the device.
ment of the translational component only. However, numer- For the realization of the MEMS stations we also used the
ous scientific papers report observations of rotational mo-SBC 1073_0 even produced by the Phidgets Inc (Fig. 6). The
tions generated by earthquakes (Lee et al., 2009a, b). In thEBC handles the pre-processing of the acquired signals and
last decade a new field of seismology has developed, calletheir routing and forwarding, via TCP/IP, to a server prop-
Rotational Seismology, which studies all the aspects relateerly laid out for the collection and analysis of data recorded
to rotation motions that can be induced by earthquakes. Théy all stations that will constitute the USN. The SBC is pro-
two recent monographs Teisseyre et al. (2006, 2008) and anided with a network adapter with an Ethernet port and WiFi
entire special issue devoted to this topic by the Seismologi-antenna for the connection to the network. In addition to the
cal Society of America (Lee et al., 2009a) confirm the im- MEMS device described above, the SBC manages the data
portance of this rapidly developing branch of seismology.acquired from a GPS antenna, necessary for the time syn-
Therefore, the complete characterization of the ground shakehronization of the acquired signals. The SBC is provided
ing caused by an earthquake should include both translationakith several input and output ports that can easily allow the
and rotational measures. integration of other sensors in a technological upgrade.

As previously stated, the MEMS device model 1044_0 An appropriately sized buffer battery, capable of power-
also includes a tri-axial gyroscope, which is an instrumenting the station in case of electrical blackout, accompany the
capable of measuring the angular velocities of all three axeslescribed system. All the elements described so far, are inte-
(the same of the accelerometer). In precision mode, theyral part of the seismic station and included in an appropriate

Adv. Geosci., 40, 19, 2014 www.adv-geosci.net/40/1/2014/
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¢ request

Figure 6. SBC model 1073_0 produced by the Canadian companyFigure 7. Schematic example of the client-server system that will
Phidget Inc.; measurements are in inches. be implemented under the MEMS project.

. . construct, in almost real-time, shake maps for the area cov-
case that protects the electro-mechanical devices from strong,. o q by the network. Suitable algorithms will be developed
shacks or the presence pf V\(ater. L . for avoiding false alarms that may be generated during an-

The total cost of realization of a MEMS station is esti- thropogenic transients generated in proximity of one or more

mated to be less of EUR 600. This cost is much lower there'MEMS station. The implemented algorithms will allow the

fore_ ‘h"’!t ofa stan_dard strqng mot|or_1 station and allows thecreation of a shake map only if a significant percentage of
realization of a high density of stations USN at very low

costs the MEMS stations simultaneously detect an event. In case

Suitable si il b ht b h . (fn earthquake is established, the server will send the informa-
u_|t_a € §|t§s wiil b€ soug t. etvyeen the strategic and;,, anq the shake maps produced to the competent authori-
sensitive buildings (i.e. those with high exposure and vul-

- . .ties for the actions in the immediate post-earthquake, such as
nerability to earthquake), such as schools, hospitals, publi P 9

buildings and places of worship, already highlighted for theFCIVII Protection.
Acireale urban center in Fig. 2. Additional sites will also be
identified and evaluated during the project. Station will be 4  Conclusion and general remarks
located among them, within the same buildings or in areas
close to these locations. During the identification of the suit-The realization of the USN would have a high socio-
able sites for installation of the MEMS stations, we will as- economic impact, providing a useful tool to reduce the seis-
sess the structural nature of the building and the ability tomic risk, capable of increasing the safety of the population
access the foundation plans. For each building, we will care-of the urban area covered by the network. The impact of a
fully evaluate possible soil-structure interaction and the sta-strong seismic event on an urban community can be reduced
tions will be installed at the foundation of structures. The with a well-planned and timely action by the centers for the
final geometry of the network will provide the most compre- emergency management. The MEMS project will lead to the
hensive and homogeneous coverage of the urban area, takimgalization, in the Acireale Municipality, of the first real-time
into account the local geological conditions and the values ofUSN for the post-earthquakes rapid disaster assessment. It
exposure and vulnerability of the identified sites. would be an important tool for civil protection authorities by
The data acquired by the MEMS network will be sent in providing timely alerts that allow a rapid and effective mo-
real time to a Server that will handle their collection and pro- bilization of the post-earthquake interventions. The imple-
cessing. The system will be built according to the traditionalmented system will be able to timely provide the distribution
Client-Server scheme (Fig. 7); the individual MEMS stations of the intensity of the ground shaking due to an earthquake.
will be the Clients while a properly sized computer, will act The shaking maps would allow the involve centers, the opti-
as a Server. The signals will be transmitted using the TCP-mal management of priorities and the allocation of resources
IP Internet Protocol. The Server will be installed at the INGV so as to achieve a significant reduction in the number of vic-
seismic room, where specialized staff, present 24 h on 24 antims following an earthquake. The rescue operations and ver-
7 days a week, can monitor the operation of the system. ification of damage to buildings could then be carried out ac-
The server will process the signals transmitted by differentcording to a logic of priority on the basis of the highest urban
stations in order to extract the different parameters that carshaking measured by the seismic network. It would minimize
be used to assess the potential damage due to of an earteecondary effects induced by an earthquake allowing the pro-
quake. The potential damage will be estimated by an autection of critical infrastructure and may allow the economic
tomatic system, appropriately implemented, that will deter-and social structures to return to the “normal” as quickly as
mine some parameters, such as the maximum of the PGAossible.
and the Arias (1970) intensity of an earthquake, measured by The MEMS project would lead to the realization of the
each station of the network. These parameters will be used téirst network able to record both translation and rotational
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