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ABSTRACT

A computer code for the automatic analysis of the transfer functions of the Italian Teleme-
tered Seismic Network run by the “Istituto Nazionale di Geofisica” has heen operating since
1991. A dedicated software was designed to perform fully automatic calibration analyses of the
digital signals. In this paper we describe the signals used for the calibration and the interactive
and batch procedures designed to obtain calibration functions in automatic mode. By using
a steady-state method we reach a high degree of accuracy in the determination of both the
frequency and amplitude of the signal. The only parameters required by this procedure are the
seismometer mass, the calibration-coil constant and the intensity of the current injected into
the calibration coil. The paper includes a general description of the designing criteria, and of
the hardware and software architecture, as well as a report of the system performance during a
period of two years of operation. I'inally, appendix A shows the bhest calibrations available to
date.

INTRODUCTION

The progress in computing resources often results in an improvement of the application per-
formances of seismic instrumentation. The main purpose of the automatic procedure described
in this paper is the real time monitoring of proper functioning and set up of the seismic stations.

All the stations in the network are equipped with S-13 Teledyne Geotech short period seismic
sensors. The main characteristics of these seismometers are natural frequency of 1 IIz, high
output level, small size and sturdiness. Since 1980 a large number of stations have been added
to the Italian seismic network, which now includes 77 stations. Most of the sensors have heen
in operation for 10 years. For this reason the calibration functions could now be different from
those reported by Teledyne Geotech for factory-new instruments.

The Istituto Nazionale di Geofisica (ING) technicians perform tests and calibration opera-
tions periodically on the Italian Telemetered Seismic Network (ITSN) stations. As a first step
they apply a steady-state method which consists in measuring the frequency response for dis-
crete harmonic {requencies injected into the calibration coil. Secondly they calculate the transfer
function for equally spaced data using a least squares method by weighting the frequencies that
arc less affected by noise. The parameters required to determine the transfer function are the
mass, the calibration coil constant, and the current injected into the calibration coil. It should
be stressed that this method can be directly applied to find the transfer function of any system
equipped with a calibration coil.

The software procedure was specially designed to require no modifications when the charac-
teristics of the applied signal change. Furthermore, with this procedure it is possible to obtain
the response of the complete system, from the ground motion to the final recording. The system
includes different electronic components such as a transducer, amplifiers, telemetry sections and



filters. Thanks to this procedure, the transfer function is promptly and automatically deter-
mined in the ING data acquisition center located in Rome. The data resulting from the analysis
are used to test the correct functioning of the stations. An automatic calibration procedure has
many advantages. In particular, it performs the acquisition and automatic calibration of the
transfer functions, and it allows a high precision together with reduced working times.

DESCRIPTION OF THE NETWORK ARCHITECTURE

The overall architecture of the ITSN has been described in detail by De Simon: and Di
Giovambattista (1988). What follows is only an overview of the main features of the network
architecture for a better understanding of the problems involved in calibration operations.

The hardware of the network can be schematically represented by several distinct modules
(block diagram in Figure 1). The centralized seismic network includes three main parts:

- Remote stations;
- Transmission system;
- Data acquisition and recording systems.

Each station is equipped with an S13 Teledyne Geotech short period vertical seismometer
with a natural period of 1s and a critical damping of 70%, and a Kinemetrics electronic device
which amplifies, band filters and modulates the signals. The signals are then transmitted over
telephone lines or radio links to the ING data acquisition center where they are finally demodu-
lated and recorded both on analog recordings (thermosensitive paper Helicorder drums) and on
digital devices.

The transfer function of the analog recordings is different from that of the digital data. Data
recorded on Helicorder are filtered with a 1Hz and 1 pole low pass.

The digital acquisition system [Mele, 1993] was developed in 1986 in the framework of a
cooperation agreement between the United States Geological Survey and the ING. It runs on
VAX 6000 and VAX 9000 computers. It includes a conversion system consisting of two Preston
A/D converters with 128 channels; the analogue signals are converted to 12 bit plus sign samples
rated at 50H z. The digital data are transmitted to a Vaxlab and to a Vax4200, where a pre-
analysis is performed, and then to a Vax9000 and Vax6000 where they are processed and stored.

CALIBRATION METIIOD

The S-13 seismometers include a calibration circuit designed to receive special signals. This
operation is equivalent to forcing the mobile mass of the sensor.

On the basis of the technical characteristics provided by the manufacturer we can determine
the equivalent displacement of the ground due to the signal injected into the calibration coil.
The output voltage produced by the seismometers during the calibration is telemetered similarly
to the actual seismic signals and recorded in analogue mode on the drum recorders and on the
digital acquisition systems. Digital voltage values are expressed in counts (1 count ~ 0.61mV).

The steady-state calibration method allows the absolute value of the transfer function to he
determined, that is, the magnification for each value of the frequency used to excite the sensor.
A current i(t) circulating in a calibration coil with a G calibration constant produces a force (on
the seismometer mass) equal to
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Figure 1: Network architecture.






