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ABSTRACT 

Electrical research in geology is used quite widely and with great efficiency. 
The use of ready-made signal recorders for these purposes is possible, but not 
effective enough, since in any case, they need to be modified to provide additional 
functions. Such functions include the synchronization of measurements with signals 
from positioning systems GPS or GLONASS. This synchronization is necessary in 
order for the measurement results to be linked to actual space and time coordinates 
as accurately as possible. The same measurements taken at different times may give 
different results due to changes in the orientation of the Earth relative to the Sun 
and Moon, as well as for other uncontrollable reasons. The need to accurately 
determine the coordinates of the measurement is obvious. The creative team of the 
commonwealth of organizations, the key of which is the Siberian Branch of the 
Federal State Budgetary Institution of Science of the Federal Research Center 
Unified Geophysical Service of the Russian Academy of Sciences , carried out the 

development and initial testing of a specialized signal recorder for electrical 
research. The additional modification was required to eliminate the identified 
deficiencies. This paper reports the main technical solutions when creating this 
recorder, describes the modification ,and gives an example of using this recorder 
for field measurements. 
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INTRODUCTION 

Fundamental research in the field of geology and geophysics requires the use 
of a variety of methods for obtaining information about the structure of the earth's 
crust and processes in it. The study of these processes is not only of great theoretical 
importance, since it allows us to better understand the structure of the most 
important natural object for mankind - the Earth, but also an important practical 
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application. One of the most important practical tasks is to find precursors of 
earthquakes and other cataclysms and use them to predict the place and strength of 
upcoming cataclysms. This helps to reduce the damage from these natural 
phenomena. Methods for studying the earth's crust can be divided into stationary 
and mobile. Stationary research facilities are installed in mines and operate around 
the clock to monitor various processes, for example, to monitor lunisolar tidal 
movements of the earth's crust [1], [2]. Mobile methods include electrical 
reconnaissance methods, which consist in measuring electrical and electromagnetic 
signals of various nature, including responses to various influences. In a 
geophysical experiment, various impact generators can be involved. Electrical 
recorders are an obligatory component of the instrument park for electrical 
prospecting. Such recorders always contain several channels of analogue-to-digital 
conversion and means of recording and processing the received data streams [3], 
[4], [5], [6], [7]. 

If commercial electro measuring and recording devices (further  recorders) 
are available for such studies and their specifications meet the requirements, then 
there is no need to develop prototypes of such recorders. The totality of a large 
number of requirements for such recorders has led to the fact that the acquisition of 
a ready-made recorders is impossible, and the use of a commercial meter, which is 
additionally modified to obtain the required characteristics, is impractical, since the 
most irrational way to create the required equipment is to modify other people's 
developments. It is more efficient to use completely your own development of the 
recorder. The list of requirements includes high accuracy, high sensitivity, wide 
bandwidth, uniform transmission characteristics and synchronization of 
measurements with absolute time from a global positioning system such as GPS or 
GLONASS. It is also necessary to determine the geographic coordinates of the 
measurement site using signals from the same systems. This paper analyses the 
technical solutions for creating such a recorder and the hardware for synchronizing 
with the signals of the global positioning system.  

STATEMENT OF THE PROBLEM 

The recorder is a multichannel ADC with functions of synchronization of 
measurement results with data received in real-time from global satellite systems. 
The device is provided with special software, developed on the basis of the 
demanded function of the signal processing. Critical requirements are autonomous 
communication with global systems and low-time error. The frequency band should 
ensure reception of signals up to 256 kHz with minimal distortion; also, to save 
memory and traffic, a dichotomous reduction of the frequency band is provided, 
i. e. reduction in multiples of two to an integer power to a minimum value of 16 
kHz. Accuracy of registration of signals should correspond to a twenty-four-bit 
ADC. When changing the signal amplitude, in order to maintain the value of relative 
accuracy, it is necessary to proportionally match the range of the input signal with 
the range of admissible input signals of the ADC. This is achieved by changing the 
gain of the input amplifier. Accordingly, the gain changes from a value of 1 to a 
value of 64 on four bands, thus, each band differs in gain from the neighboring one 
by 4 times. Also, the accuracy of synchronization of the received samples with the 
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absolute time from the global satellite system is required with an error of no more 
than 500 ps, this value is called jitter. 

METHOD FOR SOLVING THE PROBLEM 

The proposed block diagram of the electric signal recorder is shown in Fig. 1. 
The recorder is provided with galvanic isolation, differential input, deep common 
mode interference suppression, switchable gain, differential filter amplifier with 
switchable frequency range, and other units. In particular, there is a unit with an 
antenna for receiving signals from global satellite systems, there is also a 

purposes, an auxiliary precision clock generator is used, the frequency of which is 
synchronized with the precise time signals from the global positioning system using 
a phase-locked loop. The phase-locked loop system is controlled digitally using a 
DAC. The control microcontroller generates the corresponding code at the input of 
this DAC to control the generator in a loop with negative feedback based on the 
phase difference between the reference signal and the signal from the output of the 
tunable generator. The functions of generating the exciting current are also 
implemented, which is necessary for various experiments. The recorder can be 
controlled using the control panel on the device, i. e. manually. It is also possible to 
program the recorder to perform a series of sequential measurements without 
operator intervention. The measurement results can be stored in the recorder or 
transmitted for further processing further via a wired communication line. The input 
differential amplifier gain is ± 2 V. 

 

Fig. 1. Block diagram of the recorder 
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Fig. 2. Schematic diagram of the input differential instrumentation amplifier 

Accuracy, speed and other characteristics of the recorder are determined by the 
input circuits, the type of ADC and the quality of synchronization. The input ADC 
is proposed to be implemented on the basis of the 24-bit sigma-delta-ADC 
ADS127L01 [8]. This microcircuit turns on normally, so there is no need to give a 
schematic diagram. The schematic diagram of the input amplifier is shown in Fig. 
2. This amplifier, under the action of the program or controls, can change the gain 
in multiples of 4. The schematic diagram of the input filter is shown in Fig. 3. This 
filter can change the frequency band by a factor of 2. The entire electronic part, 
including the input amplifiers, filters, ADC, control device for ADC, stabilized 
reference voltage sources, oscillator, DAC and synchronization circuit is located on 
a 90 × 90 cm2 board. The appearance of this board is shown in Fig. 4, and the 
appearance of the assembled recorder is shown in Fig. 5. Power stabilizers are based 
on APD3331 and REF5025 microcircuits. The recorder inputs are protected from 
static and induced discharges. Common-mode voltage is suppressed by a 
differential amplifier circuit.  
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Fig. 3. Schematic diagram of the differential filter 

  

Fig. 4. Printed circuit board of 
the recorder with installed 

electronic components 

Fig. 5. External view of the signal 
recorder for electrical exploration 

 

PROVIDING COMMUNICATION WITH A POSITIONING SYSTEM 

The block diagram for communication with global positioning systems is 
shown in fig. 6. The appearance of the corresponding section of the printed circuit 
board, on which this block is implemented, is shown in fig. 7. The recorder, which 
contains all the described nodes, is shown in fig. 8, where the node for 
communication with global positioning systems is located closer to the front panel 
of the recorder. The synchronization error of the clock (every second pulse) of the 
installed node does not exceed 20 ns. This GPS_PPS signal is fed as a clock to the 

time  node in the FPGA (field-programmable gate array) synthesizing system 
time stamps. The clock frequency for the time synthesizer is generated by a voltage 
controlled temperature compensated precision oscillator of 16.384 MHz. 
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Fig. 6. Schematic diagram of the connection for GPS-GLONASS node 

 

Fig. 7. GPS-GLONASS node 
installed on the board 

Fig. 8. External view of the recorder 
without a protective casing 

RESULTS OF TESTING OF THE RECORDER 

The electrical prospecting measurements were carried out by the method of 
sounding the formation of the field in the Uimon Hollow of the Altai Mountains. 
An experiment was carried out to register the process of field formation on pk119 
area with two sets of measuring equipment. Figure 9 shows a field work area, 
designated pk119 area, which is located in the centre of the intermontane basin. 
Figure 10 shows the distribution of the electrical resistance of the sedimentary cover 
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to the depths of the basement, calculated from the transient process registration data. 
The measurements were carried out with equipment with a sampling frequency of 
100 kHz. At this point, an experiment was carried out with the registration of the 
transient process of the formation of the field by equipment with a sampling 
frequency of 512 kHz. The parameters of the installation of radiation and 
registration of the signal of the field formation in the experiment were as follows: 
the generator loop of the GP 250 × 250 meters, the measuring loop of the IP 100 × 
100 meters is passive, the measurements were carried out at two levels of the current 
pulse, a large one of about 18.0 ÷ 3.1A currents in the transmitter loop and at 
different gains in the receiving loop (K1 = 1; K2 = 16). 

 

Fig. 9. Site of work named pk119 area 
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Fig. 10. Geoelectric models based on the ZS 2019 data, Uimon Hollow, pk119 
area (EMF vs time) 

The results of comparing the recorded processes of the formation of the field 
by two sets of measuring equipment with different values of the digitization 
frequencies are shown in Fig. 11. 
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Fig. 11. Results of experiments at different quantization frequencies in the pk119 
region (EMF vs time) 

An analysis of the comparison of registration processes leads to the following 
conclusions: 

1. The initial registration time by the equipment is 2 s, which makes it possible 
to improve the detailing of the upper part of the geological section when 
constructing a geoelectric model. 

2. In the range of recording times up to 200 s with equipment with a sampling 
frequency of 100 kHz, an oscillatory process is observed, which is associated with 
the parameters of the ADC. There are no oscillations in the recorded process of field 
formation by equipment with a sampling frequency of 512 kHz. 

3. In the late stage of the formation of the field at times of the order of 20 30 
ms, the equipment with a sampling rate of 512 kHz more confidently reflects the 
deep part of the geological section. 

CONCLUSION 

The developed recorder has been successfully applied for field tests. Its 
characteristics correspond to the required values or exceed these values, for 
example, in terms of the accuracy of the reference of the readings to the absolute 
time scale from the global satellite system. The information obtained is of scientific 
interest for geophysical research in the Mountain Altai region. 
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Field test results: 

1. The sampling frequency of 512 kHz made it possible to more reliably 
register the process of formation of the EMF of the transient process in the time 
interval 0.002 0.2 ms. 

2. In the time interval from 0.2 ms to 30 ms, the error in registering the 
processes of EMF formation of the transient process lies in the interval less than 
1%. 

3. In the late stage of registration at a time of 30 ms, the registration level with 
frequent digitization of 512 kHz is +1.0· 10-6 mV, which is much better than the 
registration level with a frequency of 100 kHz (5.0 · 10-6 mV). The levels of the 
recorded signals are given with the parameter of the installation with radiation at a 
current in the generator circuit of 1A. 
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