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Abstract. This paper presents a long distance transmission circuit of high precision micro-seismic
signals for mines. This circuit implements current loop and isolation gate to improve the precision of
mine micro-seismic signal acquisition and data quality. The test result shows that the transmission
circuit can transmit micro-seismic signal for 10km in real time and the dynamic range of the circuit is
77dB.The circuit demonstrates low power consumption and high precision capability.

I ntroduction

High-sensitivity micro-seismic geophonesis usually buried in harsh environment such as open-pit
mines and underground mines, which can locate micro-seismic events quickly and effectively, soit is
important for mine safety to do monitor, forecast, and early warning work well [1]. Once the
micro-seismic events happened, micro-seismic geophones will generate voltage signals as low as a
few microvolts and as high as dozens of volts, then the voltage signals will be transmitted into data
acquisition device, as shown in Figure1[2] .
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Figure 1.Seismic monitoring in mines

But the length of cable which can transmit the signal from the downhol e to the ground is more than
10km, and the impedance is very large, so it may results in voltage signal attenuation. (¥ In addition,
the electromagnetic interference in the coal mine is more serious™, and further it can causes the test
signa severely deviates from the original signal, eventualy, the analysis result can’t reflect the
micro-seismic eventstruly. Therefore, it isvery important to design high-precision circuits which can
transmit micro-seismic signal in long distance.

This paper proposes a high precision long-distance transmission circuit, capable of transmitting
micro-seismic signalsfor 10kminreal time and without distortion. It canimprovethereliability of the
micro-sei smic monitoring, and reduce the installation cost and maintenance cost of the equipment.
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Circuit Design

The designed circuit consists of a signal sending circuit, cable, and signal receiving circuit, as
shown in Figure 2. The signal sending circuit converts the voltage signal detected by micro-seismic
geophones into current loop in order to reducing signal attenuation in the cable, then the signal is
transmitted by the cable into signal receiving circuit. The signal receiving circuit can convert the
current loop signal into voltage signa with adopting electromagnetic isolation method, at last the
signal istransmitted into ground acquisition device.
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Figure 2. The architecture of long-distance transmission circuit
1. Design of signal sending cir cuit
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Figure 3. The signal sending circuit

InFigure 3, the AD8275 isadifferential amplifier with again of 0.2, which converts the voltage of
+10V to 0 ~ 4V. XTR115 is atwo-line current transmitter that converts the voltage signal generated
by the micro-seismic into the current signal through resistance, in the meantime, the signal is
magnified 100 times. The output signal is the standard current loop signal of 4-20mA. When the
current loop signal istransmitted in the cable, it can reduce the noise and el ectromagnetic interference,
and reduce the voltage drop caused by the resistance in the cable, and improve the high fidelity of the
micro-seismic signal transmission. The voltage signal detected by the micro-seismic geophone is
amplified by the AD8275 and the XTR115 can convert the signal into current loop, then the signal is
transmitted into the signal receiving circuit through the cable.
2. Design of signal receiving cir cuit
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Figure 4. The signal receiving circuit

As shown in the Figure 4, the current loop is converted into the voltage through resistance and as
theinput signal of AMC1301. The signal receiving circuit is powered by a5V voltage source, and the
5V to 24V circuit module provides voltage for the signal sending circuit. AMC1301 has an isolation
gate with high anti-magnetic interference, and has an amplifying function, with a fixed gain of 8.2.
AMC1301 can prevent the noise current in the cable transmission line from entering the signal
receiving circuit and improve the signal acquisition accuracy. It can also accurately control the current,
reduce the system power consumption and reduce the torque ripple.

Thetest of the long distance transmission cir cuit

Adopting long distance simulation cable circuit, we test the long distance circuit. The resistance of
the simulation circuit is 6.2 per kilometer, in the same way, the capacitance is 68 nF, and
inductance is 470 uH. The test system is as shown in the Figure 5.
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Figure 5. The test system
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The signal generator simulates the signal of micro-seismic geophone, which is used as the input
signal of signal sending circuit, and the two-channel power supply 5Vvoltage for the system. Finally
the computer collects data by the NI PCI-4462 data acquisition card, as shown in the Figure 6.
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Figure 6. Experiment test

Firstly, the static test of the long-distance transmission circuit is carried out. The output signal was
observed by simulating the input signal of 10V DC power, as shown in Table 1.

Table 1. DC power input test

Input 0 2.5 5 75 10 -10 -7.5 -5 -2.5
voltage(V)
Output 1.011 | 1.212 | 1.413 | 1.614 | 1.823 | 0.204 | 0.406 | 0.607 | 0.809
voltage(V)

Table 1 shows that the circuit can work normally, and the sending circuit can normally transmit
4-20mA current loop, and the receiving circuit will convert current loop signal into voltage signal.

Secondly, the dynamic test of long-distance transmission circuit is carried out. When the input
signal isQV, theresult is shown in Figure 7. It can be seen from Figure 7 that the interference voltage
of thelong-distance transmission circuitis26 1 V. When theinput signal issinusoidal signal with the
amplitude of 10V and a frequency of 1 kHz, its output voltage is shown in figure 8. It can be
calculated from figure 7and figure 8 that the dynamic range of the circuit is 77dB.

[V =D 00038]

0308

Wollage,

108

Vallegs [V

-00in . L -
[ A e -4

Figure 7. OV input test

normalization proc

15 ¢ .
[ —— Dy —8— Bam
[ b er ——
[] b Mar == flem1
4 ol VKT =il 12411 |
[| —#— t€km —a— 17km

Arnplibude (dB)

E’-‘fgfﬂﬁﬂ:ﬁ#ﬁ%\&h:\umm?
T T T

P |
183

L-F]

Tima [5)

1.0 2

Ot weltage (V]

Vame= T B 14V

Time i(s)

Figure 8. 10V input test
Micro-seismic signal transmission circuit is respectively connected 2 km, 5 km and 8 km, 10 km,
15 km, 16 kilometers, 17 kilometers, 18 km to simulate cable, and do the test. The data is done the

ng, frequency domain characteristic curveis shown in Figure 9 and Figure 10.
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In the Figure9, when frequency is more than 10 kHz, the output voltage signal is rapidly falling
down, and the signal transmission distance is 10 km; in the case of low frequency, with the increase of
signa transmission distance, the signal can transmitted with amost no signal attenuation and
distortion. Due to the low frequency of the micro-seismic geophone, when the signal is not distorted,
or equivalently the amplitude isless than -3db, the maximum distance of signal transmission is 16km.
Asshowninthefigure 10, when the frequency islessthan 2 kHz, phase increases with the increase of
signal transmission distance; when the frequency is greater than 2 kHz, with the increase of frequency,
phase decrease firstly and then increase. In the same frequency, with the increase of signal
transmission distance, the phase valueisincreasing. Therefore, in the working frequency range of the
micro-seismic geophone, the long distance transmission circuit can transmit the downhole signal to
the ground without distortion in real time.

Conclusions

This paper describes the high precision long-distance transmission circuit for mining adopting
isolation gate with high anti-magnetic interference. The circuit eliminates electromagnetic
interference of the signal transmission, and it enhanced the applicability of the circuit in the coal mine
environment. A large range of tensof kHz bandwidth dynamic seismic signal accurate conversion and
more than 10 km distance transmission without distortion is achieved. It improved the precision of
mine micro-seismic signal acquisition and data quality. The circuit isintrinsically safe circuit, and it
has advantage of low power consumption, small volume and high reliability, however its cost is low
and it’s easy to install and use.
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