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Multi-purpose Geophysical Measurements System Using PXI
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Abstract : In geophysical field surveys, commercial equipments often fail to resolve the subsurface target or even
sometimes fail to be applied because they do not fit to the various field situations or the physical properties of the
medium or target. We developed a geophysical measurement system, which can be easily adapted for the various field
situations and targets. The system based on PXI with A/D converter and some stand alone equipment such as Network
Analyzer was applied to borehole: radar survey, borehole sonic measurement and electromagnetic noise measurement. The
system for borehole radar survey:consists of PXI, Network Analyzer, dipole antennas, GPIB interface is used for PXI
to control Network Analyzer. The system fot borehole sonic measurement consists of PXI, 24 Bit A/D converter, high
voltage pulse generator, transmitting and receiving piezoelectric sensors. The electromagnetic noise measurement system
consists of PXI, 24 Bit A/D converter, 2 horizontal component electric field sensors and 2 horizontal and 1 vertical
component magnetic filed sensors. The borehole radar system has been successfully applied to detect the width of the
artificial tunnel through which the borehole pass and to image buried steel pipe, while the commercial borehole radar
equipment failed. The borehole sonic system was tested to detect the width of artificial tunnel and showed a reasonable
result. The characteristic of electromagnetic noise was grasped at an urban area with the data from the electromagnetic
noise measurement system. The system is also applied to characterize the signal distortion by induction between the
electric cables in resistivity survey. The system can be applied various geophysical problems with a simple modification
of the system and sensors.

Keywords : PXI, Borehole radar system, Borehole sonic system, Electromagnetic noise measurement system
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Fig. 1. Schematic diagram of multipurpose geophysical measure-
ment system, which is based on PXI (PCI eXtended Instrument).
The system can compose a borehole radar system, a borehole sonic
system, and a electromagnetic noise measurement system.
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Fig. 2. Response curves of the magnetic sensors for the EM noise
measurement system. BF-6 series, which cover the frequency ranges
from 5 Hz to 100 kHz, are used for the short period noise
measurements.
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Table 1. Specification of A/D converter.

Number of chan. 8, simultaneously sampled

Resolution 24 bit, nominal
Sample rate 102.4 kS/s down to 1.0 kS/s
Input signal range +10V
Anti alias filter 400 kHz lowpass oversampling

Unbalanced differential
source ch[0..7] programmable
TTL/CMOS

Input configuration
Analog trigger
Digital trigger
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Fig, 3. The data acquisition software for the borehole radar system.

Fig. 4. The data acquisition software for the borehole sonic
measurement system.
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Fig. 5. The data acquisition module of the EM noise measurement
system. :
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Fig. 6. The radargrams for an artificial tunnel detection using (a)
commercial borehole radar system (RAMAC) with 100 MHz
antenna and (b) borechole radar system in this study.

Fig. 7. The dipole transmitter antenna with 33 c¢cm of dipole length
which can be changed flexibly.
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Fig. 8. The power spectrums of data of RAMAC (left) and the system in this study (right).
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Fig. 9. The results of the borehole radar surveys using (a) RAMAC
system and (b) the system in this study to detect buried steel pipe
below the road. The data are processed with DC filter, gain
recovery, bandpass filtering, NMO correction and migration. The
rectangle part of (a) corresponds to focusing of highly-dispersed
direct wave by the migration process, and that of (b) shows the
reflected wave from the buried gas pipe.
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Fig. 10. The detection of the width of artificial tunnel using
borehole sonic measurement system. (a) piezoelectric transducers (b)
the result.
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Fig. 12. The cable noise measurement system. (a) Configuration of
the system and (b) the aquisition software.
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Fig. 13. The signal distortion due to electromagnetic induction
inside the multi-interphone cable in the resistivity survey.
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