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Abstract: Research on the electrical characteristics of rock and ore specimens is a fundamental aspect of geophysical exploration.
Aiming at the problems of low efficiency and poor anti-interference ability in the measurement of electrical parameters of rock and ore
specimens by frequency conversion method, a method for measuring the broadband electrical parameters of rock and ore specimens based
on invert-repeated m-pesudo random binary sequence( IRmPRBS) is proposed and the corresponding measurement system is designed.
The system adopts the method of coded constant current signal excitation, and uses the frequency distribution characteristics of the coded
signal source along with the multi-frequency data processing method. By transmitting a set of coded rectangular wave currents, it
efficiently measures the response information at multiple frequency points of rock and ore specimens. This paper introduces the signal
characteristics of the inverse-repetitive m-sequence and presents the workflow of the multi-frequency impedance measurement algorithm.
Additionally, it investigates the key factors affecting the performance of the Howland voltage-controlled current source through both
theoretical analysis and simulation. The main sources of high-frequency impedance measurement errors under experimental conditions are
clarified and the calibration scheme is given. Finally, the measurement system is built and the impedance measurement comparison
experiment is carried out with the Zurich MFIA impedance analyzer. The results show that: Using a fifth-order signal improves
measurement efficiency by 2. 3 times compared to the frequency conversion method, and the measurement of different frequency points

can be realized by adjusting the signal coding parameters; The system measurement frequency range covers 1 mHz ~ 100 kHz. The
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maximum measurement error of the impedance modulus of the resistance-capacitance model is about 0.5% , and the phase maximum

error is about 23 mrad. The comparison of the results before and after calibration shows the effectiveness of the calibration scheme in high

frequency measurement. The system can realize fast and accurate measurement of broadband impedance spectrum, which provides a

broadband fast measurement method and technical support for the measurement of electrical parameters of rock and ore specimens. This

research holds significant theoretical and engineering application value.

Keywords : rock and mineral specimen; broadband; electric parameter; fast measurement; IRmPRBS; Howland current source
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Table 2 Comparison of amplitude of each frequency point

of response waveform under different loads

f/kHz Hig/V 10 kQ/V 100 kQ/V 1 MQ/V
10 0. 364 80 0.364 25 0. 366 80 0. 360 700
30 0.363 55 0.363 47 0.367 17 0. 308 390
50 0.361 07 0.363 82 0.359 93 0.246 520
70 0.357 35 0.352 53 0.357 90 0. 197 070
90 0.352 44 0.355 23 0.338 83 0. 160 840
110 0.346 35 0.346 05 0.334 84 0. 134 750
130 0.339 13 0.338 19 0. 326 90 0. 112 850
150 0. 330 82 0.329 27 0.315 81 0.097 974
170 0.321 47 0.319 68 0.301 49 0. 084 824
190 0.311 14 0.309 14 0.283 97 0.073 075
210 0.299 88 0.301 26 0.273 80 0. 063 810
230 0.287 77 0.289 33 0.258 44 0. 056 439
250 0.274 89 0.274 42 0.242 99 0. 050 134
270 0.261 30 0.259 37 0.222 17 0. 043 086
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Fig. 16  The influence of the operational amplifier as a voltage

follower on the measurement results
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Table 3 Resistance-capacitance model parameter table

R G 5 R1/kQ R2/kQ C/nF
1 50 10 4 400
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Fig. 20 Impedance measurement results of

resistance-capacitance model
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Fig. 23  The measurement results of model 2 using 8-order signal
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Fig. 24 The measurement results of synchronization accuracy

between channels of acquisition device
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