


Istituto Nazionale 
di Geofisica 

A remote calibration system for the ARGO 
satellite seismic network 

F. M. De Simoni, L. Merucci, G. Calderoni and. B. De Simoni 

Pubblicazione n. 589 





A remote calibration system for the ARGO 
satellite seismic network 

E M. De Simoni, L. Merucci, G. Calderoni and. B. De Simoni 

Istituto Nazionale di Geofisica 
Via Di Vigna Murata, 605 

00143 Roma Italy 

Ottobre 1997 





Introduction 

The satellite telemetry digital seismic network ARGO has been realised for real time 
acquisition of seismic data and low-frequency geophysical data (e.g. magnetometric and 
tiltmetric data). 

The available satellite channel, by allowing full-duplex communication (data transmission 
in both directions), is utilised mainly in one way, because the peculiarity of the ARGO 
system is to receive the data from the sensors connected to the peripheral stations. 
Nevertheless, the system is capable of managing, on each peripheral station, a nine-bit 
remote register located on the electronic acquisition card (Probe Interface Card, "PIC"). The 
access to this register is given by a series of configuration controls sent at the rate of 1 byte/s 
by the ARGO data processing centre (CED) of the Istituto Nazionale di Geofisica (ING) in 
Rome. This peculiarity is very important because different operations can be performed on 
any station of the network by remote control. 

This work describes one of the possible remote control operations, the calibration of the 
seismic sensor (seismometer Teledyne Geotech S13) connected to the ARGO stations. 

The innovative aspect of this system consists of a completely automatic calibration system, 
not requiring any technical intervention on the site to be tested. With the proposed work, the 
process leading to the calculation of the parameters of the seismometers used in the network 
can be completely automated. Once determined the parameters, starting from a digital 
recording of a seismic event it is possible to go back to the real ground motion through 
inversion techniques. 

The calibration of a network sensor is executed through a calibration circuit installed in the 
seismic stations. This device can generate "sample" signals controlled in current and sent to 
the calibration coil of the seismometer. Any of these signals can be activated simply sending 
a starting procedure from the ING centre. 

By means of the generated signals, the "transient method" calibration is executed. This 
method of calibration has been chosen for its extreme simplicity and for the fast calculation 
of the final result, performed in near real time. 

The flexibility of the ARGO system allows the remote control system to be fully 
independent of the calibration circuit; therefore this calibrator can be replaced by another one 
using a different calibration method, for example the "method of stationary response" for the 
study of the frequency response of the system, presently used by the manual calibrators of the 
Italian Telemetered Seismic Network (ITSN) [1]. 

1. Comments on the calibration signals 

The reconstruction of ground motion from the digital recording of the system's output 
signal is extremely delicate. From this point of view, the determination of the transfer 
function of the entire measure system has high importance. 

Among the different classes of possible calibration signals that can be used in input to a 
physical system (in this case, the seismometer) and to determine the transfer function, the 
impulsive and stationary signals are the most important in practice. The main characteristic 
of the stationary signals is that they are not very sensitive to noise but they take long time for 
measuring and analysing the entire frequency response of the system. On the contrary, the 
impulsive signals can be easily reproduced, they have short duration, but are more sensitive 
to noise. In the literature, there are different methods to reduce the noise effect on the 
response to transient inputs; one method consists in generating signals with amplitude and 



duration such as to improve the signal/noise ratio [2]. Another method consists in summing 
more system outputs in the time domain before applying the Fourier analysis[3]. 

Among all the impulsive signals, the delta of Dirac 5(1) simplifies the study of the response. 
In fact the frequency spectrum of a delta funcion is represented by a constant value. The way 
to simulate a delta is to produce a rectangular impulse i(t), where the duration T results 
negligible compared to the time constant of the physical system to be tested. 

In these conditions, by defining the constant: 

the impulse can be represented as a delta in the form f(t)= G • 5 (/). 
In the case of the calibrator, a current in the time domain is generated in the form of 

rectangular impulse of amplitude I0 and duration T , having the following spectrum in 
modulus: 

where the condition T« 1 / / y , is respected with fN Nyquist frequency of the system. 

In the range (0 t 10) Hz the spectrum of amplitude I(co) given above results to be nearly 
constant as in the case of the delta function S(t) of amplitude G = I0 • T. In fact (see fig. 1), 
given an impulse duration 7 = 1 0 ms and a characteristic frequency of the sensor f0 = 1 Hz, 

the difference between the delta function frequency spectra and I(co) is 1.6% only, f o r / = 10 
Hz. 
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On the contrary, this is not valid in the case of a current-step having a spectrum in modulus: 

which is proportional to 1/co. Therefore, the response of the system will present a good 
signal/noise ratio only for very low frequency values. In fig. 2 the spectrum of the signal and 
the spectrum of the seismic noise, recorded at the remote station of Castello Tesino, are 
compared in the cases of one impulse and one step responses. The noise spectra were 
calculated by recording a 10 s window of seismic noise immediately preceding the impulse 
(or step) onset. By analysing fig. 2 it appears that the amplitude of the signal response 
exceeds the amplitude of the noise spectrum for frequencies larger than 30 Hz in the case of 
the impulse and 15 Hz in the case of the step input. 

fig. 2 Comparison between the signal and the seismic noise spectra at the Castello 
Tesino station, in the cases: a) impulse, b) step 

2. Description of the calibration system 

The characteristics of the satellite digital transmission allow an extremely simple and 
reliable remote calibration system of the sensors' network. The realisation of this system has 
required the development of a software procedure implemented on computers at the ARGO 
CED of ING in Rome, and the creation of hardware devices to be connected to each seismic 
sensor. The remote calibration operations are activated by a series of programs, managed by 
the acquisition software, installed on the computers of the acquisition and control system. 
These operations are executed by a calibration hardware equipment, installed in each 
peripheral station. 

Fig. 3 shows the layout of the entire acquisition and calibration system. From the data 
processing and control centre of the ING in Rome, it is possible to send a calibration request 
to each of the peripheral stations of the network, by using the remote control system. 
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Also the sending procedures are extremely simple and it is possible to start them in any 
instant, manually by means of a console command, or automatically through a proper batch 
procedure. 

Furthermore, the system allows to control in real time the result of the requested operation 
on a graphic terminal and, at the same time, to record the response signal on a file which is 
subsequently processed to calculate the transfer function of the entire system. When a request 
of calibration is started, the data acquisition and control software addresses the open satellite 
channel to the selected remote station, and sends a sequence of commands modifying 
properly the configuration of the nine-bit register. This new configuration activates the 
calibration circuit, which generates an impulse or step of current flowing through the 
seismometer calibration coil. The seismometer response is acquired by the electronic 
equipment of the station, forwarded to the ARGO CED of ING in Rome, where it is 
displayed on a graphic terminal and analysed. The result of this analysis, performed in near 
real time, provides the parameters necessary for the determination of the ARGO system's 
transfer function. 

3. Processes handled by the acquisition software 

The acquisition program of the ARGO network is written in C and FORTRAN languages 
and runs on a VAX cluster in VMS environment. For each peripheral station there is a 
process which receives the signal of the station continuously [4]. When a calibration request 
is sent, the acquisition process enables the file recording of the station response signal. 

The file containing the calibration response signal from the station is analysed to estimate 
the station parameters. The response signal is corrected for the offset, subtracting the average 
calculated on the seismic noise recorded immediately before the response to the calibration 
impulse. Then, from the entire recorded signal, a window is extracted, whose starting point 
corresponds to the beginning of the system response to the impulse, determined by the 
correlation between the recorded signal and the synthetic response signal to the impulse. The 
responses in amplitude and phase of the seismometer, are calculated dividing the fast Fourier 
transform of the selected time window by the transfer function of electronics and by the 
transform I(co) of the current impulse input. 

The system's total amplification, the characteristic frequency f0 and the damping 
coefficient h of the seismometer are the parameters finally estimated by a non-linear least 
squares fit, using the Levenberg-Marquardt method [5], applied to the band (0.1-6.0) Hz 
around the seismometer typical frequency (« 1 Hz). 

With the calibration method described, the only parameters to be measured independently 
are the constant G of the electro-mechanical transducer, the seismometer mass, the 
amplitude I0 and the duration Toi the calibration impulse. 

4. Front-end electronics and calibration circuit 

The peripheral stations are equipped with an electronic system performing the following 
functions: pick-up of the analog signal coming from the seismometer, amplification of the 
signal, analog to digital conversion and satellite data transmission (using the packet 
commutation) towards the ING Rome centre. 
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In addition to the acquisition system, the peripheral station is provided with a device which 
executes the seismometer calibration. Fig. 4 shows the functional-block diagram of the 
peripheral station. 

The PIC [4] is a microprocessor electronic board with a multitasking operating system, 
which acts as the interface between the satellite communication system and the other 
instruments of the remote station. 

In particular, the PIC executes the following tasks: 

- analog and digital inputs interface 
- A/D conversion 
- timing of the acquired analog signal 
- data set-up and packing in X.25 format 
- interface with the satellite communication system by means of a 9600 bit/s, X.25 

synchronous serial link 
- remote control and management of automatic procedures 
- digital output interface 

The seismic signal, suitably amplified and filtered, is injected to one of the analog inputs of 
PIC and it is sampled at 100 sps. 

The electric signal provided by the seismometer is handled by a balanced amplifier, a 
device particularly suitable to pick up small amplitude signals, with a critical signal/noise 
ratio (see fig. 4). The amplification value depends on the peripheral station due to the effects 
of the seismic noise on the seismic signal. 

The amplified signal is then filtered by means of a two-pole, Sallen & Key, low-pass filter 
which executes the Butterworth algorithm [6]. The effects of this device on the analog signal 
are: non seismic signal attenuation detected by the sensor (cultural noise, environmental 
noise etc.), anti-interference in order to reduce the electromagnetic interference picked-up 
along the link cables (for example the 50 Hz of power supply), anti-aliasing function on the 
signal spectrum in input to the A/D converter, for example a Butterworth filter with 5 Hz 
cut-frequency guarantees at 50 Hz (half of sampling frequency) a -40 dB attenuation. 
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The calibrator circuit (fig. 5) is a device realised using very few electronic components, and 
it is composed of an impulse generator and a voltage-current converter which drives the 
calibration coil of the short-period seismometer. The impulse generator is a monostable 
multivibrator which can provide in output, either a step or an impulse whose duration can be 
adjusted by the resistor RT and capacitor CT. The impulse duration is calculated by the 
simple relation: 

The generator is also equipped with an antibound circuit, preventing undesirable 
rebounding of signals produced by spurious impulses which can occur when the electric 
contacts of the register 's are switched on. 

fig. 5 Calibrator block diagram 



The choice of the signal and the calibration start are activated by remote control through 
four of the nine bits of the relays register controlled through the satellite telemetry; fig. 6, 
describes the truth table of this register. 

S t a t e / № bit bo bi b 2 hi 

reset X X X 0 

Step set 0 0 0 1 

Impulse set 0 1 1 1 

Step start 1 0 0 1 

Impulse start 1 1 1 1 

fig. 6 Truth table of the remote controlled register (x: indifferent status) 

The voltage-current converter input is the output of the impulse generator which sets up a 
current-controlled signal as requested by the seismometer calibration coil. By means of the 
variable resistance R, the amplitude of the current flowing in the seismometer coil can be 
adjusted. The adjustment depends on the amplification of a single remote station and the 
amplitude selected is that generating, for a fixed duration T, a total response of the system 
equal to 70 % of its dynamic. For the step input the current value is selected as to be 
equivalent to 1 g mass on the 5 Kg mass of seismometer. 

Fig. 7 shows the signals in output from the calibration circuit (sampled at 10 kHz) 
connected to the calibration coil of the seismometer Teledyne Geotech S13. These signals 
provided the following characteristics for the calibrator used: 
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fig. 7 Impulsive signals generated by the calibrator circuit: a) impulse, b)step 

With these amplitude values, a 516 mA current for the impulse and a 51.7 mA current for 
the step flow in the S13 calibration coil with 22 Q typical resistance. 
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