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Study on gradient measurement in electromagnetic exploration
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2. College of Instrumentation and Electrical Engineering, Jilin University, Changchun 130061, China)

Abstract : Gradient measurement has a great significance to improve the resolution of electromagnetic exploration and to suppress the
environmental noise and interference. There are two types of methods to measure gradient filed, measuring differential signal directly by
hardware and calculating difference between two channels of absolute vector field. In this paper, the specific implementation of this two
modes are achieved, and the results of this two methods are compared. Besides the sources of error and methods to suppress noise are
explored. The research shows that discordance between channels, especially the phase difference is the key to influence measurement
accuracy. As the hardware mode acquires differential signal by hardware directly, it is difficult to eliminate the error caused by
discordance between channels according to calibration method. Moreover, the error magnitude increases with the decrease of the gradient
too rapidly to measure the gradient field. The software mode, which acquires gradient field by software difference method after measuring
absolute field, can achieve smaller error, and the measurement accuracy can be further improved after the channel calibration. In one
word, if it’ s difficult to ensure the highly discordance between channels, the software mode is the optimal way to realize the measurement
of electromagnetic gradient, which can obtain the absolute field simultaneously to aid gradient data interpretation. The results of this
study provide a useful reference for the development of electromagnetic gradient system. According to the method, array receivers are
designed for frequency-domain controlled-source electromagnetic gradient method, and the experimental results in Jiangsu verifies the
superiority of the measurement method.
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Fig.1  Schematic diagram of CSAMT measurement
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Fig.5 The electric-field differential circuit
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Table 1 Test results for input signals with same amplitude and phase

CHI1 CH2 {224y

$iZ/Hz
IRAE( x 100 mV) HABE/ () IRfE( x 100 mV) AHDL/ (°) WEfE ( x 100 mV) AL/ (°)
10 1.978 0 -23.812 1.987 0 -23.886 0.004 2 ~11.465
20 2.009 0 145.995 2.017 0 145.991 0.004 3 171. 640
40 1.602 0 -94.414 1.603 0 -94.296 0.004 2 -51.287
100 1.9870 -170.62 1.9850 -170.398 0.009 9 -105.310
200 2.029 0 -22.311 2.037 0 -21.835 0.018 9 54.752
400 2.036 0 82.632 2.045 0 83.593 0.037 1 164. 602
1 000 2.036 0 82.688 2.052 0 85.165 0.092 4 165. 139
2 000 2.027 0 -4.713 2.063 0 -0.015 0.1827 73.610
4000 1.987 0 -9.339 2.103 0 -0.629 0.346 4 59.004
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Table 2 Test results for input signals with the same frequency and different amplitude
i A B/ mV TR d(E/ mV 2453/ mV AHXSIRZE/ %
CH1 CH2 CHI - CH2 CH1 CH2 CHI -CH2  CHI - CH2 T4y 4y
45.000 30. 000 15.000 44.685 29.240 15.640 15.445 4.266 2.963
36.000 24.000 12.000 35.923 23.513 12.568 12.410 4.730 3.415
30.000 20. 000 10. 000 29.857 19.558 10.439 10.300 4.386 2.995
21.000 14. 000 7.000 21.085 13.803 7.375 7.282 5.355 4.022
18.000 12.000 6.000 18.063 11.832 6.315 6.231 5.253 3.846
6.000 4.000 2.000 6.190 4.055 2.164 2.135 8.203 6.755
1.998 0.400 1.598 2.044 0.391 1.725 1.653 7.932 3.447
0.599 0.120 0.479 0.621 0.121 0.511 0.500 6.570 4.285
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WA 1 2 3 4 5 6 EfE)
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