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Abstract. The Centro di Ricerche Sismologiche (CRS, Seis-1 Data management

mological Research Center) of the Istituto Nazionale di

Oceanografia e di Geofisica Sperimentale - OGS (ltalian NaThe Antelope software suite is used at OGS-CRS as the
tional Institute for Oceanography and Experimental Geo-main data acquisition tool for the Northeastern Italy Seis-
physics) in Udine (ltaly) after the strong earthquake of mic Network run by OGS. The main OGS-CRS Antelope
magnitude Mw=6.4 occurred in 1976 in the Italian Friuli- Server is running in Udine on a two nodes SUN Fire V240
Venezia Giulia region, started to operate the Northeastergluster: the main module does data acquisition, automatic lo-
Italy Seismic Network: it currently consists of 12 very sensi- cations, data archiving and exchange, plus the alert system
tive broad band and 21 simpler short period seismic stationsyia Short Message Service (SMS), email, and fax. Another
all telemetered to and acquired in real time at the OGS-CRSW0 workstations — an old Linux and a new Mac PRO - run-
data centre in Udine. Real time data exchange agreements ifing Antelope at the OGS-CRS headquarters in Udine are
place with other Italian, Slovenian, Austrian and Swiss seis-used for post-processing including ShakeMaps and manual
mological institutes lead to a total number of 93 seismic sta-relocations. Data is also forwarded for redundancy to a SUN
tions acquired in real time, which makes the OGS the referFire V245 Antelope machine at Protezione Civile della Re-
ence institute for seismic monitoring of Northeastern ltaly, gione Friuli-Venezia Giulia headquarters in Palmanova. Data
as shown in Fig. 1 (Bragato et al., 2011; Smed al., 2010).  is shared on the main Antelope cluster in Udine also with a
Since 2002 OGS-CRS is using the Antelope software suiteS€iSComP server for data exchange.

as the main tool for collecting, analyzing, archiving and ex- During the year 2011, the installation of the last release of
changing seismic data, initially in the framework of the EU the Antelope software suite 5.1-64 on the Apple MacPRO
Interreg 1A project “Trans-national seismological networks proved to be very fast, reliable and efficient. At the moment
in the South-Eastern Alps” (Bragato et al., 2010; Pesaresi ethe test configuration of Antelope at OGS-CRS is made of
al., 2008). SeisComP is also used as a real time data exchang@in seismic data acquisition on the SUN cluster and auto-
server tool. In order to improve the seismological monitoring matic location on the MacPRO, as shown in Fig. 2. Other au-
of the Northeastern ltaly area, at OGS-CRS we tuned existtomated customized, self-written scripts take care of state of
ing programs and created ad hoc ones like: a customized wehealth display and drum plot waveform display on the web,
server named PickServer to manually relocate earthquakes,far remote monitoring of the functioning of the Northeast
script for automatic moment tensor determination, scripts forltaly Seismic Network.

web publishing of earthquake parametric data, waveforms,

state of health parameters and shaking maps, noise charac- . .

terization by means of automatic spectra analysis, and last Real time analysis

but not least scripts for email/SMS/fax alerting. A new OGS-
CRS real time seismological websitettp://rts.crs.inogs.i}/
has also been operative since several years.

Real Time Analysis at OGS-CRS is based on the core Ante-
lope running on the SUN cluster, robust and reliable: all au-
tomatic earthquake location and magnitude determination is
made on this cluster of workstations. Earthquake parametric
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Fig. 1. The OGS Virtual Seismic Network: 33 OGS stations (blue squares) and 60 stations contributed by other institutions (yellow squares)
in real time.
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Fig. 2. Schematic of Antelope configuration at OGS.

data (location and magnitude but also expected macroseismiguake locations parametric data plus shaking maps and mo-
effects) are automatically notified via Short Message Systenment tensor information computed using the Dreger (2003)
(SMS), fax, email and web to governmental institutions like algorithm; lately also daily PSD quality check of seismic
the Civil Defences of the Veneto and of the Friuli-Venezia stations plots have been added. Manual revision of auto-
Giulia regions. The OGS-CRS Real Time Seismologicalmatic earthquake locations are performed in a completely
website (RTShttp://rts.crs.inogs.if/has also been operative revised web site custom made at OGS-CRS named “Pick-
since several years: the RTS website shows classic earttServer”, based on JAVA technology: it uses the SeisGram2K
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Fig. 3. Cludinico Station (CLUD): thermal insulation of the seis- £
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Fig. 5. PSD of seismic noise at CLUD station.

seismometers: at OGS-CRS we developed an aluminium box
Fig. 4. Seismometers installed on a pier at the bottom of a plasticthat serves the purpose, as illustrated in Fig. 3; the thermal
container, with extra thermal insulation (ZOU station). insulator must be close enough to the seismometer itself not
to allow convection currents in the air heated around the seis-
mometer by the seismometer itself, which lead to long period
noise, but not to touch the seismometer. The third and last
method used at OGS-CRS in improving the performances of
the Northeast Italy Seismic Network is the usage of a plas-
tic container to be buried underground several meters deep
3 Seismic stations to host the seismic station as shown in Fig. 4. Such a kind of

plastic containers are usually easily available for general con-
At OGS-CRS we spent a considerable amount of efforts inStruction purpouses, and they are cheap and easy to install,
improving the long-period performances of broadband seis€specially compared to the cost of excavating a tunnel for the
mic stations, either by carrying out full re-installations and/or only scope of installing a seismic station. These efforts lead
applying thermal insulations to the seismometers. It is veryto good long period performances of (V)BB seismic station
well know in fact that broad band (BB) and even more very of the Northeast Italy Seismic Station as illustrated in Fig. 5,
broad band (VBB) seismometers are very sensitive to temwhere the blu lines indicating average power spectral density
perature and pressure variations at long periods. (PSD) seismic noise computed in an 1 h time window with

We used several methods to counteract the influences ostandard deviation at the Cludinico (CLUD) station are very

BB and VBB seismometers of temperature and pressure alose to the green line of the Low Noise curves estimated by
long periods. The most natural one is to try to install (V)BB Peterson (1993).
seismic stations in underground natural caves or artificial Efforts have been put also in strengthening the relia-
tunnels. The deeper the cave/tunnel, the more stable will bility of data links, exploring the use of redundant satel-
the temperature and minimum will be the pressure variationlite/radio/GPRS links, as shown in Fig. 6.
The second methods consists in thermally insulating (V)BB

software (Antony Lomax Scientific software, last access:
19 April 2012) for quick visualization and signal processing
of picks and waveforms read from the Antelope system.
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Fig. 6. Redundant data links: left UHF radio, right ASTRA connect
satellite (BALD station).
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