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Derivation the Correction of the Component of the Recorder and the Application
of Hilbert Transformation to Calculating the Frequency Response of the Sensor
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Petroleum and Marine Research Division, Korea Institute of Geoscience and Mineral Resources
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Abstract: The validation of performance test for newly developed or old-used sensor is very important in the earthquake
monitoring and seismology using earthquake data. Especially the frequency response of the sensor is mainly used to
correct the earthquake data. The technique of the calculation of phase and amplitude with Hilbert transformation for
earthquake data that is filtered with band limited frequency in time domain is applied to calculate the frequency response
of the sensor. This technique was tested for the acceleration sensors, CMG-5T of 1g and 2g installed on the vibration
table at the laboratory and we could obtain satisfactory result. Tohoku large earthquake in 2011 observed at the station
SNU that has accelerometer, ES-T and seismometer, STS-2 operated by KIGAM was also used to test the field data
applicability. We could successfully get the low frequency response of broad band sensor, STS-2. The technique by using
band limited frequency filter and Hilbert transformation showed the superior frequency response to the frequency spectrum
ratio method for noisy part in data.
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Fig. 1. Schematic Diagram for the testing of correction of the
recorder. Each sensor was connected to the channel 1 and 2 at the
first vibration test (a) and the connection was switched to channel
2 and 1 at the second vibration test (b).
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Apply Hilbert transformation to data of two
sensors that are filtered with frequency band
in time domain

U

Calculate amplitudes and phases of two sensors data
that is presented with real part of filtered data and
y part of Hilbert transformed of filtered data

U

Extract higher data than self noise of the sensors

From first frequency
to last fr

> Calculate the ratio of amplitude of test sensor to that of reference
sensor that are summed in time domain

> Calculate the mean and standard deviation value of the difference
between the phase of test sensor and that of reference sensor.
Average the phase difference of data within one standard deviation
from mean value.

Fig. 2. Flow chart is shown to calculate the frequency response of
the earthquake sensor by using bandpass filter and Hilbert transform.
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Fig. 3. Amplitude spectrum (a) of ES-T (red) and CMG-5T (black) sensors that are connected to channel 1 and 2, respectively. Ratio (b) of
the amplitude spectrum of channel 1 and 2 of the DM24 recorder is shown. Amplitude spectrum (c) of ES-T (red) and CMG-5T (black)
sensors after switching the connection order. Ratio (d) of amplitude spectrum of channel 1 and 2 of the DM24 recorder is shown.
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Fig. 4. Ratio spectrum (a) for the correction of channel 2 against channel 1 is shown. Ratio between channel 1 and 2 is about 0.9987.
Residual ratio spectrum (b) between channel 1 and 2 is shown. The residual of ratio value is about 0.13% and is matched well with the

value provided by the Guralp company.
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Fourier transform of data of the test
and reference sensor

Correction of the frequency response of
reference sensor with the known frequency
response or the theoretical frequency response

> Differentiate the data of the reference
sensor in frequency domain if the
reference sensor is velocity sensor and
test sensor is accelerometer

Integrate the data of the reference
sensor in frequency domain if the
reference sensor is accelerometer and
test sensor is velocity sensor

T

The same kind of the
sensors [velocity sensor or
accelerometer) for the
test and reference sensor?

v

Calculate the frequency response of test sensor by
using bandpass filter and Hilbert transform

The normal frequency
response of the test
sensor when calculated
response is compared with
the known or theoretical
response?

| Calibrate or repair the test sensor |

Fig. 5. Flow chart is to show how to calculate the frequency
response with application of bandpass filter and Hilbert transform
by comparison between test sensor and reference sensor that the
response is known well.
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table. Amplitude spectrum (b) of each sensor of CMGS5T with 1g (red) and with 2g (black) are shown.
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Fig. 7. The relative amplitude (a) and phase (b) responses and theoretical responses with the test of vibration table for CMG-5T sensors with
1 g and 2 g are shown. Sweep signal is forced between 0.1 ~ 100 Hz. The results of the range between 1.0 Hz and 43 Hz are good but
those of low frequency below 1.0 Hz are not effective because the sweep signal of this vibration table is week. Both spectrum ration method
and Hilbert method with bandpass filter show good result.
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Fig. 8. Tohoku large earthquake in 2011 observed at the station SNU that has accelerometer, ES-T and Seismometer, STS-2 operated by
KIGAM. The waveforms (a) of acceleration and velocity during 1 hour are shown. Acceleration data was changed into velocity after removal
of instrument response. Amplitude spectrums (b) of STS-2 and velocity data transformed from acceleration data are compared.
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Fig. 9. The relative observed amplitude (a) and phase (b) responses and theoretical response of STS-2 were calculated with Tohoku data
observed at SNU station. The reference sensor was the accelerometer. The low frequency response of broad band sensor, STS-2 was clearer
than high frequency one because the large Tohoku earthquake data included low frequency data. Calculated STS-2 response of spectrum ratio
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