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Abstract 

The main objective of the ARGO Satellite Seismic Network (SSN) 
is to realize a reliable and efficient system for real time data 
collection, monitoring, display and analysis of seismic events and 
low-frequency geophysical data necessary to scientific research and 
civil defense purposes. These data are sent from remote sites that are 
arranged on the satellite coverage area. 

The digital telemetry system is based on a stellar model 
characterized by a centripetal data traffic and it is composed of 
several peripheral stations installed in the remote sites, a central 
node of telecommunication (master station) and a station for data 
processing and collection. 

The peripheral stations are composed of a microprocessor system 
that manages the A/D conversion of the acquired analog data, 
retrieves data already in digital form, and transmits them by a 
synchronous protocol to the satellite telemetry system. 

The master station controls the communications protocols of the 
satellite telemetry system, receives the data from the peripheral 
stations and forwards them to the Istituto Nazionale di Geofisica 
station where the SSN data processing center based on a Digital 
VAX Cluster is located. Here the data reception and storage, the 
seismic events1 detection and the network status monitor programs 
are performed under VMS operating system. 

SSN fulfils the need of a reliable and accurate data acquisition 
timing through the combination of three different time references 
(two relative and one absolute) that allow the combination of time in 
the satellite network to the Universal Time. 

In this paper the Southern Seismic Network for Analysis of 
Seismic Data, a new research project financed by the European 
Community, is also presented. This represents a recent development 
of SSN, involving the geophysics institutes of Greece, Spain and Italy 
with the related national seismic networks. 

Seismic bulletin, remote station control, mobile network and 
intelligent stations, are the SSN developments currently studied in 
order to improve the communications features, the data quality and 
to enhance the system flexibility. 

Finally some of the most important digital satellite telemetry 
features are compared with those pertaining to the traditional 
telemetry systems, such as telephone line and radio link 
transmissions. 
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1. INTRODUCTION 

In literature there are several examples of networks monitoring and analysis of various 
kind of geophysical data, connected via satellite to a civil defense center whose task is to 
perform first aid operations in case of natural calamities (Silverman et al., 1989; Mueller et 
al., 1995). These systems are capable of reliable operativity under emergency conditions thus 
guaranteeing the continuity of the acquired data. 

In Italy, the ARGO Satellite Seismic Network performs this service as a part of the ARGO 
Project (Calderoni et al., 1990) financed by the Italian civil defense which connects the 
Emergency Communication Network (ECN) and the Environmental Data Collection Network 
(EDCN) to the following institutions: the control center of the Italian civil defense department, 
the ING and the volcanological and the hydrogeological centers. ECN includes mobile 
stations for video, phone and facsimile satellite communications links with the civil defense 
operation center. EDCN includes fixed stations placed on the whole national territory to 
transmit seismic, geomagnetic, volcanological and hydrogeological data (De Simoni and Di 
Giovambattista, 1988). 

SSN represents a great opportunity to improve and update the technology and the 
instrumentation of the telemetry system presently used at the ING for geophysical data 
collection. At the SSN data processing center the long and short period seismic data, the slow 
rate geophysical data and the geomagnetic data represent a useful database to earthquake 
hazard reduction programs. In this note the SSN is described technically and details are put in 
evidence, strictly related to the continuity of satellite transmission, to the data timing 
reliability and the quality of the acquired data. 

2. HARDWARE CONFIGURATION 

The SSN is based on a stellar model characterized by a centripetal data traffic. The multiple 
data flows coming from the peripheral stations are sent via satellite to the Fucino Operational 
Center (master station) and forwarded again by a satellite relaunching to the ING station. The 
satellite reception frequency is in the range (14.0 - 14.5) GHz and the transmission frequency 
is in the range (12.5 - 12.75) GHz. 

The SSN hardware configuration is subdivided into four main blocks. 

2.1 Master station 

The master station is located in Central Italy at Piana del Fucino, about 135 km East of 
Rome and represents the central node in the satellite communications. On the SSN side the 
master station performs the following tasks: 
• assigns the transmissions capacity to the peripheral stations according to the kind of 

sensors used in each station; 
• sends to the peripheral station, on a 512 kbit/s Time Division Multiplexing (TDM) 

carrier, the Roll Over Counter (ROC) time mark reference for the timing of the acquired 
data; 

• controls the satellite link between peripheral stations and SSN data processing center; 
• receives, on a 64 kbit/s Time Division Multiple Access (TDMA) carrier, the data flows 

coming from the ING peripheral stations (Fig. 1) with maximum transmission capacity of 
4800 bit/s per station; 

• concentrates the flows of X.25 packets received from each peripheral station into a unique 
flow which is forwarded again via satellite to the SSN data processing center. 

The master station is under continuos surveillance service. 
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Fig. 2: Peripheral station: (1) Seismic Analog Sensor (2) Balanced Instrumentation Amplifier 
(3) Two-pole Sallen & Key Low Pass Filter for the attenuation of the non seismic signals, 
anti-interference and anti-aliasing functions (4) Probe Interface Card (PIC): electronic front 
end with analog sensor. The interactions between this board and the communication system 
are the following: a) reading of the time mark system (ROC) on the rack bus, that is written in 
the packet header with the internal time mark of the board (Local Counter, LC); b) connection 
through synchronous serial port (9600 bit/s) to the Remote Data Port Card (RDPC) board, 
which allows the flow of the X.25 packets containing the digitalized data. In this kind of 
communication, the PIC acts as DTE. (5) RDPC: it represents the real entry to the satellite 
system, it allows to connect, on its serial input, the synchronous X.25 protocols, bit 
transparent links etc., to any DTE system. It performs DCE functions and allows to transmit 
the acquired data towards the master station (data rate of 4800 bit/s). The logical blocks 
numbered from 6 to 9 are devices which allow to interface directly the peripheral station with 
the satellite. (6) Inroute/Outroute Controller (IOC): a microprocessor-based system which 
monitors the assignation of a specific TDMA carrier by the master station. (7) Auxiliary 
Electronic Unit (AEU). (8) Radio Frequency Head (RFH) with 2 W power. (9) Parabolic 
Antenna with 1.8 m of diameter. 

2.2 Peripheral stations 

The ING peripheral stations are structured into two different logical blocks: the remote data 
acquisition and the telecommunication systems (Fig. 2). This partition makes the system 
extremely modular because the characteristics of the acquisition system are completely 
separated from those of the communications system. Thus it is possible to upgrade the devices 
for data acquisition without modifying the communication system anyway, by simply 
providing them in output with a synchronous serial port with X.25 protocol or bit transparent. 
Future developments in this sense are being studied, while at present the main features of the 
data acquisition system are supported by the Probe Interface Card (PIC, see Fig. 3). 
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The whole data acquisition and communication system is supplied with an anti-blackout 
system, with about 3 hours of autonomy, which starts working in case of electric power failure 
in the station. 

Fig. 3: Probe Interface Card (PIC) block diagram. 
The PIC supplies the following tasks: 
- analog and digital input interface; 
- analog to digital conversion; 
- organization and packing of the acquired data in X.25 packets; 
- data packets transmission through a 9600 bit/s X.25 serial link; 
- remote control signal interpretation and management of automatic procedures; 
- digital output interface; 
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2.3 ING station 

The station located at the ING of Rome acts as the SSN center for data collection and 
processing. The ING station (Fig. 4) receives via satellite on the RDPC that performs DCE 
(Data Communication Equipment) functions, the data flow transmitted by the master station. 
This flow contains all the signals of the peripheral stations connected to the network. A Digital 
DEC MicroServer hardware unit (DEMSA) interfaced to the RDPC board by means of a 
synchronous serial link, executes the routing between the satellite system and the Digital VAX 
cluster. Here the incoming data flow is collected, separated in the number of data flows 
received by the master station from the peripheral stations, and finally processed. The satellite 
link between the master station and the ING station has now a total capacity of 64 kbit/s. On 
another X.25 line the DCF clock signal (Urbini, 1988) received via radio is acquired, in order 
to associate the master station ROC and the peripheral station Local Counter (LC) time marks 
to the Universal Time (UT.) decoded from the DCF signal itself. 

Fig. 4: ING station: the first elements of the system, from the antenna to the IOC board, are 
the same as in the remote stations. The only differences between the two systems are the 
antenna's diameter (2.4 m), the power of the radio frequency head (1 W) and the RDPC board 
interfaced to the Digital DEMSA device. 

2.4 ARGO SSN Data Processing Center at ING 

The hardware configuration of the SSN data processing center (Fig. 5) has been studied to 
achieve the maximum reliability through the duplication of the main components to prevent 
data loss during the data acquisition processes. The system has been configured as a Digital 
VAX cluster Computer Interconnect-based (CI) to fully exploit the possibilities given by the 
hardware redundancy. The communications between the cluster nodes are allowed by a Star 
Coupler, the central device connected to the VAX computers and the Hierarchical Storage 
Controllers (HSC) by means of CI cables. Both the VAX computers are equipped with a CI 
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bus adapter, an interface that connects the node processors with the CI and coordinates the 
communications between the VAX computers and the HSCs, thus freeing the processors from 
this additional work. The HSCs are intelligent servers of the mass memory able to control disk 
and tape driver operations, optimize access times and communicate with the VAX processors. 
Moreover, the cluster is equipped with dual ported disks that can be connected and controlled 
by the two different HSCs to prevent the fault of one of them and to allow the access to the 
disk by means of the other controller. 

Another technique used in the Argo system to enhance performance reliability is the 
volume shadowing. The shadowing comprehends a shadow set made of a couple of disk 
drivers: when the computer sends a write command, the HSC writes down the same data on 
the two different disks. In this way it is still possible to retrieve the copy of the data, even in 
the case of fault of one of the two disk drivers. 

Fig. 5 : The present hardware configuration installed at the SSN data processing center (ING-
Rome) is made up of: 
- 2 DEMSA Micro Server with Ethernet interface card and 4 serial synchronous 
communication ports that can support 64 kbyte/s transmission velocity in a 4-port 
configuration or 256 kbyte/s enabling only 2 ports simultaneously; - 2 DIGITAL VAX 6000-
510 computers connected in a VAX cluster environment, with a floating point CPU, an 
integrated vectorial processor, a 32 Mbyte memory board and Ethernet interface; - 1 Star 
Coupler SC008 which connects all the cluster nodes and supports up to 8 node connections 
without any interference with the normal VAX cluster functions; - 2 HSC40 controllers which 
can address up to 800 I/O requests per second and support up to 12 memory mass units; - 4 
HSC5XDA disk driver interface cards; - 1 SA550 Storage Array with four 270 Mbyte RA70 
disks; - 1 SA600 Storage Array with two 1.2 Gbyte RA90 disks; - 1 VAX 3300 Server; - 1 
CAMAC crate with a D/A converter; - 1 Helycorder; - 2 VAX stations 3100 configured as 
cluster satellites. 
The Southern Europe Network hardware is also shown in this figure and it is composed of: 
- Alpha DEC 3000-400 workstation; - one 4 Gbyte DAT tape unit; - 6 disks of 1 Gbyte each; 
-1 DEC colorwriter 1000 printer. 
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3. SOFTWARE CONFIGURATION 

In the master station, peripheral station and SSN data processing center the firmware allows 
the transmission of the monitored data by means of X.25 communication protocol through the 
underlying satellite transmission protocol. 

Fig. 6 : /57, IS2 and IV2 data packet formats generated by the PIC are composed of a 
common packet header that includes the packet counter, the probe identification code (PID) 
and the time marks (Roll Over Counter and Local Counter). Seismic data (A field) are 
transmitted once every second for ISI and once every 0.5 second for IS2 and IV2. Once per 
minute the PIC transmits the B data field that is suitable for low frequency geophysical data 
telemetry, such as clinometric, self-potential, geomagnetic data. In details the A and B fields 
are composed as follows: 
151) 150 bytes of seismic data generated after the AJD conversion, at the sample frequency 
equal to 100 Hz, is sent every second; 
152) one 240 bytes field of digital seismic data is sent every half a second 
The B field for ISI and IS2 formats is composed of eight times 12 bits of slow rate data (1/60 
Hz sample frequency) and 40 bytes of digital data. 
IV2) three 90 bytes fields of seismic data (set of three probes) generated after the A/D 
conversion, at the sample frequency equal to 120 Hz, are sent every half a second; and 40 
bytes digital data are sent once per minute (B field). 
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The latter is totally transparent from the seismic network point of view. The access to the 
SSN data is managed by Packetnet System Interface (PSI), an X.25 protocol based software 
communication product installed at the SSN data processing center. 

Next in the software chain we find what can be thought as the true motor of SSN, i.e. the 
seismic data acquisition software realized at ING and written in FORTRAN and C language, 
which can be described as performing three main real-time tasks: 

• data reception and storage 
• seismic data on-line analysis 
• network status monitor 

3.1 Data reception and storage 

The data flow received at ING from the master station is split up in a number of acquisition 
processes equal to the number of the transmitting peripheral stations of the network, operation 
which implies the recognition of the calling stations, of the transmission format used by each 
station and in general the decoding of the information contained in each X.25 data packet 
header. Depending on the data packet format received (Fig. 6), the proper acquisition 
procedures are called (Fig. 7). 

The IS2 format seismic data are simply received and stored into binary files without any 
on-line analysis. 

When the data are received in the IS 1 format they are temporarily stacked in a common 
structure which is read by the real time analysis routine every 10 seconds. 

The result of the analysis routine is a flag that the routine sets true when a seismic event has 
been detected. This event flag enables the seismic data storage for a time window of length 
that depends on the length of the event that has been detected according to the trigger logic, 
plus 10 seconds noise head of file before the event and 20 seconds tail. 

The seismic data files recorded by the acquisition system are daily examined by means of 
the off-line analysis, a graphic interface program that allow the display and the interpretation 
of the seismic events and provides the seismic bulletin output. 

One particular case for the IS 1 format occurs when the calling station is the DCF receiver: 
instead of the IS1 format acquisition routine described above, a dedicated routine for DCF 
signal decoding is called. 

The output of the DCF decoding is a binary file containing the DCF date related with the 
ROC (the overall network clock). This file is updated once per minute and it is accessed by all 
the running seismic data acquisition processes in order to determine the correct U.T. time and 
to bypass a rare but possible ROC reset at the master station which could generate a wrong 
timing of the events triggered by the whole network. 

The IV2 case is an extension of the IS 1 case for a three component station. 
When the slow sampling rate data are transmitted, they are separated from the seismic data 

and recorded. 
Furthermore the software is able to offer a real time seismogram (with about 10 seconds 

delay) for an immediate check of each single peripheral station response by means of an 
analog helycorder driven by a CAMAC standard equipment which performs the D/A 
conversion of the digital seismic signal. 
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Fig. 7 : Acquisition software flow chart: a) main program; b) Network Status Monitor 
Procedure; c) Dcf Acquisition Procedure; d) IS1 Acquisition Procedure; e) IS2 Acquisition 
Procedure. The IV2 format is treated as an extension of the IS1 Acquisition Procedure. 
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3.2 Seismic data on-line analysis 

On the continuous flow of seismic data coming from each remote station, every 10 seconds 
of recording, an on-line analysis is performed to allow a first rough selection of useful seismic 
signal from noise. 

The good quality of the satellite telemetered signal allows to remove the frequency domain 
filtering necessary to clean up the signal of the background noise; through the seismic signal 
analysis, it is turned out convenient to choose a selection algorithm able to distinguish the 
seismic events from noise based on more easy criteria applied in series, instead of a unique 
and more sophisticated selection algorithm (Console, 1987) 

In the SSN seismic data on-line analysis a linear weighed combination of the following 
parameters (Fig. 8), calculated on the signal cleaned by the offset, establishes the trigger 
threshold: 
• the maximum amplitude reached by the wave between two contiguous zero crossings of 

the signal. 
• LTA/STA ratio between long and short term averages. 
• the maximum value of the signal power, calculated on 8 time intervals. 
• the normalized spectral amplitude of the signal, calculated on 8 frequency bands. 

By assuming a normal distribution of the mentioned parameters, the values of parameters 
external to the interval * ± 2 ( 7 , are considered as critical; a weighed linear combination of 
parameters calculated every 10 seconds of recording, establishes the characteristic trigger 
threshold of each station. 

The weights are calculated by analyzing other days of seismic noise recording, according to 
the number of times a sample is included in the interval JC±2C7 and to the total number of 
samples taken into consideration. 

3.3 Network status monitor 

The continuous control of the network operation is a fundamental part of the acquisition 
process: in case of malfunction of one or more peripheral stations, the program should be able 
to record all the parameters useful to identify the time interval in which anomalous events 
have happened and the nature of these events. For example, if an interruption of the power 
supply of a peripheral station occurs, the acquisition process of that station running at the SSN 
data processing center of ING, will stop and start again automatically at the first new call of 
the station. Thus the station inactivity, if not recorded by the acquisition program, could mask 
a real seismic event occurred in the same time interval. In fact, for the IS1 and IV2 formats, 
only those seismic events selected by the on-line analysis routine are recorded, while the 
remaining signal that has been received is discarded as noise. 

The control routines of the acquisition program, are able to provide the information 
necessary for monitoring the network status. These routines are activated by an error that stops 
the acquisition process, an error that doesn't stop the acquisition process or an operator control 
request. 

In the first case the information is recorded on a network activity log file when an 
acquisition process is stopped by a fatal error, while in the second they are recorded on an 
error log daily file when an error is detected. In the third case the acquisition program is 
requested by an external event (an operator request) to download information concerning a 
particular station, a group of stations or the whole network. 

From these log files it is then possible to reconstruct the network operation status as a 
function of time and to calculate statistic information of the network operation. 
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Fig. 8: Parameters calculated by the on-line analysis on the time interval from 10 to 20 
seconds of the seismic signal recorded, a) local earthquake of magnitude 2.5 located in the 
sea at about 70 km from Kriti Island on 10 May 1995, at 10:42:57.26 and recorded by the 
Kriti station, b) maximum amplitude of the signal as a function of the number of values of 
maximum amplitude in the portion of the seismic file analyzed, c) The LTA/STA ratio of the 
signal as a function of LTA/STA samples selected. The long and short term averages can be 
varied dynamically; at the moment LTA is calculated on 300 samples and STA on 30 samples. 
The long and short term averages are shifted of 1 sample, d) the signal power corresponding 
to the squared integral of 125 samples as a function of time, the number of data taken into 
consideration in each range of power, can be varied dynamically. 
e) FFT of the signal as a function of frequency, f) Normalized spectral amplitude of the signal 
as a function of frequency; by means of the vector related to the FFT coefficients, it is possible 
to calculate the normalized area of the rectangle, whose height is the average value of the 
spectral amplitude of the signal and whose basis is one of the eight bands obtained via the 
bisection method, except for the first two bands with the same width, corresponding to lower 
frequencies. 
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4. DATA ACQUISITION TIMING 

A correct and reliable timing of the monitored events represents a basic requirement that 
any seismic network has to meet (De Simoni, 1987). The approach of SSN to data timing can 
be summarized as follows (Fig. 9): 

In each X.25 data packet header the PIC firmware inserts 2 time-mark references: 
• a Roll Over Counter (ROC) sent by master station every 360 msec. 
• a Local Counter (LC) that is the local time mark of each peripheral stations generated by 

the PIC. 
The complete rotation cycle of the ROC, which is a 16 bits counter, lasts 6 hours 33 

minutes and 12.96 seconds. The LC divides each 360 msec interval into 8 of 45 msec which 
are identified through the Most Significant Bit (MSB) value of LC. In each 45 msec interval 
the Less Significant Bit (LSB) value of LC varies from 1756 up to 2340 increasing of about 
19.24 (is per step. 

A third time reference is provided by the SSN data processing center where the absolute 
time DCF signal is recorded by the PIC board at 100 Hz sampling frequency. 

The correspondence between U.T. time, ROC and LC of the DCF data packets and the 
ROC and LC of the seismic data packet is then reconstructed, after the DCF signal decoding, 
with an error of ± 0.01 s. 
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5. SOUTHERN EUROPE NETWORK 

A recent development of the ARGO SSN is represented by the Southern Europe Network 
for Analysis of Seismic Data, a new research project financed by the European Community. 
The Southern Europe Network relies upon an extension of the ARGO technology and involves 
the countries of Greece, Spain and Italy and their national seismic networks. The expected 
results of this project are: 
• the creation of a distributed system for the monitoring of the network area seismicity; the 

system will be based on the three centers of National Observatory of Athens (NOA), 
Instituto Geográfico Nacional of Madrid (IGN) and Istituto Nazionale di Geofísica of 
Rome (ING) that will interchange seismic data pertaining respectively to the national 
seismic networks of Greece, Spain and Italy and to three very broad band stations located 
in Kriti Island (Greece), Toledo (Spain), Enna (Sicily-Italy). The three centers of Athens, 
Madrid and Rome have been equipped with an Alpha DEC 3000-400 workstation, a 4 
Gbyte DAT tape unit and a color printer and they will communicate through the satellite 
link. Fig. 5 also shows the sketch of the Southern Europe Network Project hardware 
which is connected via ethernet link to the Digital VAX cluster at ING of Rome. 

• The creation of an infrastructure and the study of common methods for the determination, 
the selection and the exchange of seismic data between European countries via satellite 
link. This part of the project involves the specification and development of software for 
real-time acquisition and exchange of seismic data. 

• The creation of a common database where a suitable choice of the data representing the 
main seismic events monitored by the Southern Europe Network stations will be 
cumulated. The database should overcome the lack of complete and homogeneous data 
sets monitoring the major events for further studies on the Mediterranean area. 

• The elaboration of a tridimensional kinematic model of the Mediterranean Sea through the 
comparison of the different tomography techniques currently studied by the scientific 
partners. 

• The development of a method for the digitization of historical seismograms. 

After one year work , the NOA, IGN and ING centers have been already equipped with 
the described hardware and the communication software and they can communicate via direct 
satellite DECnet link. Moreover, the first versions of the common database software, the 
tridimensional tomographic model representation software and the historical seismograms 
digitization software have been released and are now under refinement. The three stations of 
Toledo, Kriti Island and Enna have been connected to the satellite network, and a continuous 
data flow is transmitted by the S-13 sensors of the first two stations and by the VBB sensors 
of the Enna station. 

6. FUTURE DEVELOPMENTS 

The modularity of the whole SSN hardware and software configuration allows future 
changes aimed to communications optimization and data quality enhancement. One of the 
most important goals in the SSN is to work out a complete seismic bulletin available for the 
scientific community. The data selected by the on-line analysis program, are examined off-line 
by procedures for the automatic interpretation of the seismic signal so as to determine, besides 
arrival times of the P, S seismic waves and the arrival times of the subsequent phases, also the 
location of seismic events, the local magnitude, the duration magnitude, the seismic moment, 
and the focal mechanism. 

An improvement of the present features of the satellite network is offered by the capability 
of the PIC board to receive on the data line one byte per second transmitted by the ING station 
(Fig. 3). This byte is used by the PIC board to set the status of nine external digital outputs. A 
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suitable usage of this possibility is the realization of remote controlled activities of the 
peripheral stations such as tests and changes of the station parameters and sensor calibration. 
The communication software required to exploit this PIC feature has been already 
implemented and tested. 

Another important development that could considerably decrease the operation and 
maintenance costs of the satellite network is based on the observation that the data flow on the 
satellite channel can be drastically reduced without any significant data loss through the 
installation of intelligent stations able to perform autonomously the trigger analysis: taking 
into account the satellite capacity of 56 Kbit/s, the sampling frequency of 100 Hz, and the 
daily average time of the seismic data production, which is included between a minimum of 
16 minutes per day (tm i n) to 16 hours per day ( t m J , it is possible to increase the number of the 
seismic stations by about 52% in boundary condition of tm a x. 

Another development, opened by the new generation satellite technology that provides a 
much more powerful satellite signal, is the employment of very little, portable and easy to 
install satellite antennas that can be used in mobile stations for a modern mobile network. One 
immediate advantage of the satellite communications in a mobile network is the possibility to 
design the stations" locations independently of the region orography, which is one of the 
restraints of other communication techniques such as for example the traditional radio link. 

1. CONCLUSIONS 

It is worth to point out the advantages of a seismic network telemetered via satellite in 
comparison with the traditional techniques based on telephone line or radio link transmission. 

The data transmission in digital form is not affected by the electric noise of the 
transmission line as it is in the case of analog data transmission. In addition for equal signal 
dynamic range, the digital data transmission by means of telephone lines is more expensive 
than satellite telemetry. 

Moreover, the satellite carriers are on frequencies of about 10 GHz and thus they are 
practically immune from electromagnetic noise and the satellite ground stations are less 
affected by lightning fulguration. 

On the other hand, the main disadvantages are related to the technology presently available 
on the SSN: due to the dimensions of the satellite antennas the satellite ground stations are not 
easily portable and they require a power supply of about 150 W that can be a hard restraint 
either in the case of mobile stations, or for locations very far from power mains. 
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