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Abstract: Seismic acquisition and monitoring system can collect, store, analyze and dispose the rock burst seismic waves
or the vibration of other objects. This paper utilizes single chip computer technology, virtual instrument technology, sen-
sor technology, database management technology, wavelet analysis technology, combining the real condition of the mine
microseismic signal to establish a set of mine microseismic signal real time monitoring and warning system. Finish the
seismic signals data collection by the single chip microcomputer and its periphery circuit design, meanwhile use the pow-
erful graphical programming capabilities and flexible diversify data processing functions of the LabVIEW software, com-
bining with advanced digital signal processing technology such as wavelet transform to complete seismic signal acquisi-
tion and filtering processing, records and analysis, monitoring and early warning functions which offers evidence for the
safety monitoring of underground mine and has a good application prospect.
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1. INTRODUCTION

Seismic acquisition and monitoring system can be gener-
ated for rock burst of the vibration of the seismic waves, or
other objects for collection storage, analysis and processing.
Which can confirm the scope and degree of underground
rock failure, so as to prevent the happening of the disaster.
however, the cost of the existing mine geological safety
monitoring instruments is high, and most function is single
and so, difficult to operate, decorate in the large number of
mining area. How to lower the cost to design efficient stable
for monitoring solution has been an urgent demand [1, 2].

In the face of this, this paper has studied and developed a
micro-seismic monitoring system, which is efficient, stable,
intelligent, easy operation, economical and pratical, and
based on virtual instrument. In order to reduce the system
cost, the system give up using PCI acquisition card scheme,
and choose the hypogyny machine with the single chip pro-
cessor as the core of the data acquisition module on the rock
burst of vibration signal in real time collection, The module
includes seismic detector, amplifier circuit, filter circuit, AD
digital to analog conversion circuit and single chip micro-
computer control system. The System introduced the Lab-
VIEW software platform, which could intuitive display,
analysis, storage and handling with visual way, and im-
proved the ability of man-machine interaction. At the same
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time, utilizing the powerful data processing ability of
MATLAB and the advanced wavelet algorithm optimize the
collected signals, which could improve detection precision
and efficiency to the greatest degree. So as to improve the
safety factor of mine development, reduce the economic loss
caused by the mine and the casualties [3-5].

2. SYSTEM OVERALL STRUCURE DESIGN

2.1. The System Overall Design

The microseismic monitoring system includes two parts
of the hardware design and software design.

The traditional microseismic monitoring schemes mostly
use NI company provide PCI acquisition card to collect mi-
crotremor signals, but this kind of peripherals cost is higher,
is not conducive to a wide range of use, in order to reduce
the hardware cost, this solution to AT89C52 single chip mi-
crocomputer as the core of data acquisition system to com-
plete the acquisition process, including seismic detection,
signal amplifier, a low-pass filter, analog-to-digital conver-
sion, the RS-232 communication circuit, single chip micro-
computer system board and so on [6, 7].

The block diagram of hardware system is roughly as
Fig. (1).

The part of software uses LabVIEW development plat-
form to implement the following functions:

1. VISA to send and receive serial data.

2014 Bentham Open



1436 The Open Automation and Control Systems Journal, 2014, Volume 6

1 F

o

83 :

#5 §
L] =

Zeng et al.

UO|SIBAU0I
|1eus8ip Sojeue

Fig. (1). The system hardware design.

2. Four-channel real-time waveform display and chan-
nel opening and closing is optional.

3. Using the wavelet de-noising algorithm.

4. Waveform could storage, playback and keep the
waveform for pictures.

5. Designing a landing window for the system, and log
in to use this system correctly.

2.2. The Hardware System Design

2.2.1. Signal Conditioning Circuit Design

Microtremor signals were collected by seismic geophone,
which cannot be directly used for experimental analysis, to
reach the requirements of digital to analog conversion to
input level after circuit needs a series of signal conditioning
circuit, the signal conditioning module includes amplifying
circuit, filter circuit, etc.

» The front-end amplifier circuit
The front-end amplifier circuit design is shown in Fig. (3)

Microseismic signal signal amplitude is small, the elec-
trical signals is converted by sensor, which cannot make
modulus conversion directly. So, it needs to enlarge the orig-
inal signal. However, because of the original signal with a lot
of noise, the first level amplification processing is particular-
ly important, in order to restrain noise interference, the front-
end amplifier usually adopts differential input method, the
circuit need to meet the following features:

The amplifying circuit with high input impedance, in or-
der to reduce the error which is introduced by the signal
source resistance does not match.

With high common mode to suppress ratio, to reduce the
error of the common-mode noise introduced.

The amplifying circuit with high gain, and gain the ad-
justing range is wide, to adapt to the scope of the signal level.

Based on the above requirements, the system adopts
AD8574 four-channel operational amplifier as a front-end
amplifier circuit of the op-amp. The AD8574 chip can pro-
vide the unique characteristic advantage which only expen-
sive steady stable zero or chopper amplifier possess. Using
the topology of the ADI company, the zero drift amplifier
will combine low cost and high precision characteristics, and
without external capacitance. Making use of spread spectrum,
the stability of zero patent technology, which can eliminate
communication applications chopped wave function and the
signal frequency tuning effect caused by the interaction. The
chip has the following features:

A\

High gain and common mode rejection ratio. AD8574
single channel gain can reach 145 db, common mode
rejection ratio can reach 140 db.

» 5V/2.7V single power supply, can simplify the hard-
ware circuit.

» Low offset voltage is only 1 nV, input offset drift just
0.005pv/°C

» Without external capacitance.

» Multi-channel, there are four high accuracy opera-

tional amplifiers; a single chip can provide the first
and the end of the signal amplifying and filtering cir-
cuit Fig. (2) is the AD 8574 pins.

Circuit magnification
Au:—(EH):—lO (1)
R6

This circuit can provide ten times of original signal am-
plifier, amplified signal is access after implantation of big
filter circuit, 300 Hz filtering and second-level amplification
[8].

Active low-pass filter circuit

Due to seismic signals is low frequency signal, its fre-
quency ranges about 20 hz to 300hz, in view of the low fre-
quency characteristics of seismic signal, the system sets the
second-order active low-pass filter cutoff frequency is 400
hz. And finishs about 2.5 times of the signal amplification.

This system adopts the typical second-order butterworth
low-pass filter, the feature of butterworth filter passband is the
frequency response curve of maximum flat, no ups and downs,
and the resistance band is gradually reduced to zero, the se-
cond order butterworth filter attenuation rate for each frequen-
cy doubling 12 db. Filter the op-amp still uses AD8574 chip.
Active low-pass filter circuit is shown in Fig. (4).

Cut-off frequency is 400 Hz, capacitance takes 1 nf, the
resistance of the calculation formula is:

1 1
2fe  2w*400hz *1nf

R= 400Q2 2

2.2.2. Single-chip Computer Acquisition System Design

Single-chip computer acquisition system includes the
single chip microcomputer and the AD module. AD chip
microcomputer completes d/a conversion, then reads the
value of the converted through RS-232 communication cir-
cuit, which reads the data sent to the PC for processing.
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Fig. (4). Active low-pass filter circuit.

detect four-channel microtremor signals at the same time, so
based on the above request selected AD7856 as AD module
of chip.

1. D-A conversion

Analog signals need to be converted into digital signals
to identify for SCM or PC, so it needs d/a conversion circuit.
Due to the frequency of the seismic signal is 20 hz to 300 hz,
the channel of each d/a conversion sampling rate is at least
18.7 k to collect at least ideal waveform. This system can

AD7856 is a high speed, low power consumption, 14 AD
converter, has the following features:
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Using 5 V single power supply. Contains self-calibration and system calibration options
to ensure that the operation precision is not affected by time

Multi-channel: eight single-ended input or four pseudo and temperature,

differential input.

The throughput is up to 285 KSPS. 2. Acquisition system flow chart
Compiles microcontroller program uses keil platform,

Low power consumption: 60 mW (typical). program block diagram is shown in Fig. (5):

Flexible serial interface: 8051 / SPI ® / QSPI ™ / up
compatible.
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Fig. (7). The panels before receiving programs.
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VISA resource name
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error in (no error)

stop bits (10: 1 bit)
flow control (0:none)

Fig. (8). VISA configure a serial port control.

3. MICROSEISMIC MONITORING INTERFACE OF
VIRTUAL INSTRUMENT

3.1. The System Software Framework as a Whole

The software interface program block diagram of this
system as shown in Fig. (6).

The subroutine of virtual instrument in the system design
mainly includes the six modules, respectively is: VISA a
serial port to send and receive module, data processing mod-
ule, test module, frequency domain analysis, storage and
playback module, log in [9, 10].

3.2. A Serial Port Receiving and Sending Module of VI-
SA

Serial data receiving and sending part is crucial in the
whole program. Its parameter is setted correctly or not, di-
rectly affect whether the back of the analysis, processing,
display, and other functions can be fulfilled or not.

This module includes both receiving and sending.

visa VISA resource name out
L1 error out

1. The receiving application

The receiving application front panel as shown in the
Fig. (7):

To receive the single-chip computer via a Serial Port to
send rightly it needs to set some configuration for VISA Con

Figure Serial Port control. The VISA configure serial port vi
is shown in Fig. (8).

The programming process is as follows:

(1). 1t utilizes VISA Configure Serial Port to make a Se-
rial Port initialization, The instruments are connected to the
PC via a Serial Port COM9, VISA ResourceName sets as
ASRLI1:INSTR, which is consistent with the parameters of
single chip, and transmission rate is 115200 BPS, it can send
a 115200 - bit data per second. The basic set is 8 bits of data,
1 stop bit, and white parity bit.

(2). The nodes of VISA Write send a command to the
single chip microcomputer, and the nodes of VISA Read
read the data from the microcontroller data register.
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Fig. (9). The principle block diagram of wavelet de-noising.

(3). The VISA Read read data to displaye in the wave-
form chart. Using the event structure between each node set,
the front panel and block diagram synchronization perform
synchronous, which save the CPU resources.

2. Sending the application

In order to better control the acquisition process of slave
computer, it needs upper computer to control the superior
collection function of single chip microcomputer with real
time. The channel selection function of this system design
can send commands to the microcontroller ways for con-
troing channel on or off, when the channel selection switch
four changes, it sends instructions to the single-chip micro-
computer system to execute the action of corresponding
channel. In order to simplify the control process of program
design of the four switch respectively as four binary number
four bits, such as open channel 1, 2, channel 3, 4 close then
four binary number is 1100, the number sent to the single-
chip microcomputer to determine the channels open or close.

The programming process is:

1. The channel switch value converted to a binary num-
ber 0 or 1.

2. The four binary convert to hexadecimal number ac-
cording to the order.

3. Sending the hexadecimal number mcu to judge the
four channels open and close.

Due to the Hexadecimal number, which is made by four
channels ,is 0 to F. The upper machine arranged according to
MCU receives the instructions of channels to decide opening
circuit, the process and the corresponding processing.

3.3. Data Processing Module
1. The power frequency filtering

Compared with the traditional analog filters, digital filter
can use the software programming, high stability, predicta-
ble, and will have error because of the influence of tempera-
ture, humidity, etc. The LabVIEW platform provides a pow-
erful tool for digital filter. When the microseismic monitor-
ing circuit go through the power line, micro vibration sensor
cable is induced voltage of 50 Hz, formation of 50 Hz sinus-
oidal interference waves. Therefore in the LabVIEW plat-
form, the system introduced band-stop filter to filter out the
interference of power frequency 50 Hz.

LabView and MATLAB
interface

Zeng et al.

Passing parameters

Realization Of MATLAB

Calculated parameters it i

2.  Wavelet de-noising

The design principle is: the LabVIEW contains noise
signal, which is obtained by data collection, according to the
instrument panel set up by the de-noising parameters, Pass-
ing the parameters to LabVIEW and MATLAB interface to
the corresponding MATLAB functions, then the powerful
MATLAB toolbox can realize the function of the wavelet
function to complete the signal analysis and processing. Fi-
nally, the de-noising results displayed in the instrument pan-
el. The principle block diagram is shown in Fig. (9):

3.4. Storage Module

To facilitate the subsequent processing and playback, the
system can keep the waveform data to collecte to the PC.
Making full use of the capability of the LabVIEW on file
operations and the advantages of PC hard disk storage space.

The user can also save the current hoping waveform pro-
cessing, select to save the channel, then the save will be
based on "the current system time + channel number" save
file to the specified folder, program diagram as shown in Fig.
(10):

4. WAVELET DE-NOISING ALGORITHM RE-
SEARCH

The concept of wavelet transform is first introduced by
the French geologists Morlet J and GrossmannA analysis
processing seismic data in the 70s, and successfully applied
to the analysis of the seismic signal. Later, the famous
French mathematician MeyerY theoretically make a series of
research on wavelet. Ameodo and Grasseau applied wavelet
analysis to mix pool dynamics and fractal theory to study
turbulent and fractal growth phenomenon in 1988. In 1990,
chui constructed single orthogonal wavelet function, which
is based on spline function. Qin made clearance application
of wavelet transform for geomorphologic mapping pretreat-
ment in 1992, satisfactory results were obtained. Some do-
mestic scholars view wavelet analysis as a great application
prospect area of research [10, 11].

Using the multi-resolution analysis of wavelet analysis
can be focused to any details of signal time and frequency
domain processing, Therefore, it’s very suitable for normal
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signal detection in the midst of transient abnormal phenome-
non and shows its composition, especially the nonlinear "P( W)‘
: : : dw < oo
wavelet noise separation method proposed in recent years, M

recovering the original signal waveforms from the mixed
with strong noise signal obtained obvious effect. Also, this
article use the method of wavelet transform the for first time
to make preliminary research about the sensor signals with
noise signal method provides an update.

If the window function ¢(¢) € L’ (IR) , meeting admissibil-
ity conditions:

Continuous wavelet transform of the
f(t)e I’(IR) is defined as:

Cwirya.by=ld " [~ f(t)«p(%)dt =(f4,,)

Among them, the function is

3)

function

“)
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Fig. (13). Seismic waveform figure after signal de-noising.
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As wavelet function or little wave. It is gotten by a func-
tion by ¢(t) go through different time scale expansion and
time shift. @(t) is known as the mother wavelet, a is time axis
dimension scaling parameters, b is the time shift parameters,
different values of wavelet along the time axis to move to a
different position. Signal f(t) on ¢(t) of the continuous wave-
let transform is the decomposed or projection of signal on
the basis function.

4.1. The Wavelet De-noising Theory

Using wavelet analysis one dimensional signal de-
noising processing is one of the important application of
wavelet analysis. A model of a one dimensional signal con-
taining noise can be represented as the following form:

s())= f(i)+o-e(i)

f(i) is true signal, e (i) for noise, s (i) for signals with
noise. In the actual engineering, the useful signal is usually
characterized by low frequency signals or more smoothly,
and noise signal is usually characterized by high frequency
signal. So the de-noising process can be treated as follows:
First, the signal wavelet decompose, such as 3 layers of de-
composition, decomposition process is shown in Fig. (1),
Noise is often included in ¢DI, ¢cD2, ¢D3, therefore, it can
processe wavelet coefficient in the form of threshold, then
the signal reconstruction can achieve the goal of de-noising.
The purpose of signal s(i) de-noising is suppressing the noise
in the signal, thus restoring the true signal f (i) in the s (i).
The wavelet decomposition structure is shown in Fig. (11).

=1 (©)

4.2. Seismic Signal Analysis of the Wavelet De-noising

Actual monitoring to the seismic signal is the process of
sudden short, it is an obvious non-stationary signal. If you
want to process and analyze its characteristic information,
using Fourier transform and short-time Fourier transform
method obviously appeared insufficient. At the same time, in
the seismic signal, noise generally concentrated in the high
frequency part, signal is concentrated in the low frequency
part, and wavelet transform analysis signals in time and fre-
quency domain at the same time, it can effectively distin-
guish between mutations in parts of the signal and noise, so
as to realize the signal de-noising and reduction. In this pa-
per, a set of real-time acquisition of microseismic signal
wavelet de-noising, the results is shown in Fig. (12) and Fig.
(13).

By the experimental results, it can be seen that the origi-
nal signal contains a lot of noise and burr. After the recon-
struction of the wavelet transform to get the signal, in addi-
tion to wipe off the obvious burr phenomenon and improve
the SNR of signal. Compared with the traditional Fourier
transform, wavelet transform can effectively distinguish be-
tween mutation part of microseismic signal and noise, so as
to realize the signal de-noising. Using the wavelet analysis is
a good way to keep the noise characteristic of the useful sig-
nal [12, 13].

CONCLUSION

We put forward a method of seismic signal acquisition
and monitoring, the signal conditioning circuit and single-
chip microcomputer system for signal collection, virtual in-
strument interface of the system software development, and
using wavelet analysis in signal de-noising and refactoring.
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The system possesses friendly interface, good real-time per-
formance, low cost, and has a broad application prospect in
the safety monitoring of mine. System adopts LabVIEW
development platform, and has good extensibility, it pro-
vides a good platform for the perfection of the system and
development and design.
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