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ABSTRACT
Based on the statistical analysis of coal occurrence characteristics, and dynamic phenomena of coal and rock in Qianjiaying
coal mine, China, an area–local outburst early warning system based on outburst key factors and early warning indicators was
constructed. Statistical analysis of anomaly features of gas emission rate prior to outburst determined that the early warning index
of the heading-face featured characteristic values of gas emission rate, including variance, peak difference, and fluctuation slope.
Based on the entropy-weightmethod, the weight of indicators in the early warning process was determined, and themembership
degree of each early warning grade under the synergistic effect of multiple indicators was calculated using Bayesian theory to
determine the early warning grade. An outburst early warningmodel for Qianjiaying coal mine was constructed. The application
client for an early warning system was developed, including a real-time gas data acquisition system and a visual early warning
system. During the application of the early warning system in Qianjiaying Mine, it detected abnormal early warning indicators
and issued early warning signals 6 hours in advance, avoiding casualties and equipment losses.

© 2021 The Authors. Published by Atlantis Press B.V.
This is an open access article distributed under the CC BY-NC 4.0 license (http://creativecommons.org/licenses/by-nc/4.0/).

1. INTRODUCTION

Coal and gas outburst is a natural phenomenon that can occur dur-
ing coal mining, and seriously affects coal mine safety and sustain-
able production of coal [1]. A widely accepted theory at present for
the mechanism of coal and gas outbursts is that they arise through
the combined action of ground stress, gas, and coal mechanical
structure properties [2,3]. Factors affecting outburst include gas
pressure, gas content, structural characteristics of coal, in situ stress,
geological structure, lithology of roof and floor, and degree of vari-
ation of coal thickness [4–9]. Forecasting is the basis and premise
for preventing coal and gas outburst, and can reduce casualties and
property losses resulting from an outburst [10,11]. Early warning
indicators are an important basis for building an effective predic-
tion system. Common early warning indicators include characteris-
tic values of electromagnetic radiation, temperature, characteristic
values of gas emission dynamics, gas concentration, and gas emis-
sion rate, etc. [12–16]. These indicators can all be important early
warning signs of coal and gas outburst.

In researching coal and gas outburst early warning systems, various
systems have been formed for mine disaster prevention, evaluation,
and decision-making. For example, by combining a geographic
information system (GIS) system and an integrated control center,
a relatively perfect early warning system has been established [17].
In another approach, the Internet is intelligently applied to a mine’s
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early warning system, and the indicators affecting coal and gas out-
burst are observed in real time via the network to realize accurate
risk identification and provide an early warning [18]. A dynamic
safety information platform for coal mines, based on the Internet of
Things, has also been developed [19].

At present, the research on the combination of Bayesian theory and
information entropy has achieved certain results in various fields. In
the field of hydrogeology, the uncertainty of Bayesianmodel ismea-
sured based on information entropy, and a rating model for water
quality classification is obtained [20]. In economics, a dynamic
random model is established by Bayesian estimation and informa-
tion entropy to study excessive consumption [21]. Based on remote
sensing technology, the spatial distribution of soil moisture was
estimated byBayesianmaximumentropymethod [22]. Prior to this,
the combination of Bayesian theory and information entropy has
not been applied to the prevention and control of coal and gas out-
burst in mines. Therefore, based on the previous research results, it
has certain practical significance to establish a mine disaster early
warning system on the basis of Bayesian theory and information
entropy.

Although some achievements have been made in researching real-
time monitoring and early warning technology for coal and gas
outburst, work remains to be done on how to incorporate the key
factors linked with outburst in early warning systems, how to com-
bine these key factors with early warning indicators, and how to
determine the grade of early warning required under the syner-
gistic effect of multiple indicators. Taking Tangshan Qianjiaying
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coal mine, China, according to the change rule of dynamic data of
each index before coal and gas outburst, this paper constructs an
index system combining the key factors of coal and gas outburst
with early warning indexes. Entropy-weight theory is used to objec-
tively determine the index weight coefficient, Bayesian method is
used to carry out probability inference of data information and the
probability of coal and gas outburst is obtained. Mine coal and gas
outburst data are consistent with Bayesian theory. Under the frame-
work of conditional probability, monitoring index data in normal
period is taken as prior information. Through statistical analysis of
previous accident data, the prior information is modified to obtain
posterior information. The weight value of each index is combined
with the posterior information to construct outburst early warn-
ing model in line with the actual situation of the mine, realize the
early warning classification of multi-index cooperative action of
the heading face, and provide technical support for the prediction
and prediction of mine coal and gas outburst. At the same time,
the existing safety monitoring system of Qianjiaying coal mine of
Kailuanmining area was used to collect real-time gas emission data,
and a collaborative, multi-index, visual early warning system was
developed to realize continuous real-time early warning monitor-
ing for coal and gas outburst and provide guarantees for safe mine
production.

2. METHOD

2.1. Principles of Early Warning

The key to coal and gas outburst warning is to scientifically deter-
mine the warning index and its critical values. According to the
actual production, the area-local early warning system of Qianji-
aying mining area is constructed. First of all, area early warning is
carried out, with key factors relating to outburst as early warn-
ing indicators, with heading-face early warning carried out for
areas with abnormal indicators. Heading-face early warning takes
dynamic characteristic values of gas emission as early warning
indicators. Through the combination of key outburst factors and
dynamic characteristic values of gas emission, a coal and gas out-
burst early warning system under the synergistic effect of multiple
indexes in Qianjiaying coal mine was constructed. The construc-
tion of the early warning system is shown in Figure 1.

2.2. Area Early Warning Method

Based on the actual situation in the field, the mine was divided
into several regions, the key indicators of area early warning were
selected, the critical value of early warning indicators was deter-
mined, the monitored index value was compared with the criti-
cal early warning values, and real-time early warning instructions
were issued. The key factors of coal and gas outburst in Qianji-
aying coal mine and the characteristics of dynamic phenomena at
the −850 level areas were studied and analyzed, and the geological
structure was determined as the key factor of coal and gas outburst
in Qianjiaying coal mine. Data analysis showed that the geological
structure of the −850 level areas in Qianjiaying coal mine is an
important external constraint condition to induce outburst, and gas
pressure is the key internal power source for outburst initiation.
Therefore, geological structure complexity and gas pressure were
taken as key indicators for area early warning. Area early warning

Figure 1 Early warning process.

indicators should be changed according to the actual situation of
the mining area.

2.3. Local Early Warning Method

Local early warning is carried out for heading faces. The real-time
warning index for coal and gas outburst in the heading face is
the dynamic characteristic value of gas emission. Therefore, the
dynamic phenomenon characteristics of the −850 level main cross-
cut area were statistically analyzed to determine the dynamic early
warning index and its critical value at the heading face.

2.3.1. Outburst accident cases

1. Qianjiaying coal mine “12.24” outstanding accident

The −850 level main crosscut of Qianjiaying coal mine is
located at the third level of the mine. The net design specifica-
tion of the roadway is 4.8 × 3.4m, and the airflow rate at the
cutting face is 5.43 m3/s. At about 01:30, during the night shift
onDecember 24, 2010, the roof suddenly caved in at the cutting
face, and the gas concentration at the reporting site reached
1.2%. Gas emission data for the 180 minutes prior to the out-
burst accident, collected by the T1 gas sensor at the −850 level
main crosscut, are shown in Figure 2.

2. Dashucun Coal mine “4.19” outstanding accident

The cross-sectional area of the 172205 material haulage road-
way in Dashucun Coal mine is 10 m2, and the air supply rate
of the heading face is 320 m3/min. At 00:50 on April 19, 2012,
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Figure 2 Gas emission before the “12.24” outburst accident.

the on-duty dispatcher noted that the gas sensor installed to
monitor the return air of the 172205 material haulage road-
way reported a gas concentration of 0.9%, and immediately
reported the gas situation. At around 01:25, the return air gas
level dropped to 0.72%, then at around 01:40, the gas level at the
172205 heading face suddenly increased from 0.18% to 32%,
and the return air gas sensor in the roadway stopped working
after the gas level increased to 39.5%.

Case studies and relevant documents show that characteristic
variations in the gas emission rate can be roughly divided into
three scenarios in the period of time prior to outburst occur-
rence: increase, fluctuation, and first decrease and then another
increase. Based on the Regulations on Prevention and Control
of Coal and Gas Outbursts and the variation characteristics of
gas emission at a heading face, the variance in gas emission
(dispersion degree of gas emission), peak difference (abnormal
difference of gas emission), and fluctuation slope (abnormal
rate of gas emission) were selected as early warning indicators
for a heading face.

According to the critical values of the early warning index,
the grade standards of the early warning index for the head-
ing face in Qianjiaying coal mine were established, and real-
time early warning was carried out using an entropy-weight
Bayesian prominent early warning model. A graded early
warning method was adopted: “remind” (green), “attention”
(orange), and “danger” (red).

2.3.2. Early warning index calculation

Suppose a set of monitoring sequences is {xt, t = 1, 2...i}.
The variance, S, indicates the dispersion degree of the monitoring
sequence, reflecting the dispersion of the data under certain condi-
tions. If variance is larger, it indicates that the dispersion degree of
gas emission is larger, indicating a trend toward coal and gas out-
burst. Using the variance under an unbiased estimation, the formula
is as follows:

S =

i

∑
1

(
xt − x

)2
i − 1 (1)

where xt is the real-time monitoring gas data value: x =

i

∑
1
xt

i

The peak difference, F, is a measure of fluctuation size in the statis-
tical monitoring sequence. If the value of F is larger than that of the
normal sequence, it indicates that the fluctuation of thismonitoring
sequence is larger, indicating a trend toward coal and gas outburst.
The formula is as follows:

F = xmax − xmin (2)

where xmax is the maximum gas emission rate in the monitoring
sequence, and xmin is the minimum gas emission rate in the moni-
toring sequence.

The fluctuation of the slope, K, indicates the direction and speed of
the growth or decrease of the monitoring sequence. When K > 0, it
indicates that the sequence xt has an increasing trend, and the larger
theK value, the faster the increase. Conversely, whenK < 0, it indi-
cates that the sequence xt has a decreasing trend, and the smaller
the K value, the faster the decrease. When K approaches zero, it
indicates that the xt trend is relatively flat and there is no obvious
increasing or decreasing trend. The monitoring sequence xt is lin-
early fitted and K is calculated. The larger the real-time monitor-
ing |K| is compared with the normal sequence |K| indicates a trend
toward coal and gas outburst. The formula is as follows:

K = y2 − y1
x2 − x1

= Δy
Δx (3)

where y1 and y2 are the start and end values of gas emission after
linear fitting of themonitoring sequence, and x1 and x2 are the starts
and end values of the monitoring sequence after linear fitting.

2.4. Critical Value of Early Warning Indexes

2.4.1. Critical value of area early warning indicators

The critical value for outburst in relation to geological structure
complexity is based on statistical analysis of geological structure,
combined with the numerical values of outburst indexes at the var-
ious grades, and the occurrence of gas dynamics phenomena at the
−850 level in Qianjiaying coal mine, and finally obtained through
analysis. At the same time, based on the production practices of
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Qianjiaying coal mine and the Regulations on Prevention and Con-
trol of Coal and Gas Outburst, the critical values of gas pressure can
be determined.

2.4.2. Critical values of the heading-face early
warning index

Based on gas emission data during normal production at the −850
main crosscut air-intake roadway and the 2077W haulage road-
way heading face in Qianjiaying coal mine, a monitoring sequence
was established. According to the mine site conditions, i = 10 was
taken, and the variance, peak difference, and fluctuation slope were
calculated and analyzed using formulas (1–3). A characteristic anal-
ysis of normal gas emission is shown in Figure 3.

Based on the gas dynamics phenomena at the −850 levelmain cross-
cut area of Qianjiaying coal mine, the gas data of different periods
were extracted to establish a monitoring sequence, and i = 10 was
taken for calculation and analysis using formulas (1–3). The anal-
ysis of gas emission characteristics prior to outburst is shown in
Figure 4.

Through the analysis of gas emission characteristic values in
Figures 3 and 4, the characteristic values of gas emission during
an abnormal period and the characteristic maximum values of gas
emission during a normal periodwere selected, a characteristic data
sequence was established, and calculating an index critical value.

The normal index value is calculated based on the gas emission dur-
ing the normal production period from November to December
2018 in Qianjiaying Mine. The variance value range is [0, 0.034],
the peak difference value range is [0, 0.5], and the fluctuation slope
value range is [0, 0.0018]. When abnormal, the gas data is obtained
according to the index values of each time period before the acci-
dent in Figures 3 and 4.

Median is the representative value for determining all unit mark
values, which is not affected by themaximum orminimum value of
the distribution sequence, thus improving the representativeness of
the distribution sequence to a certain extent. Therefore, the median
value of the calculation sequence is the critical value of the early
warning index for tunneling faces. Since the index value is small in
normal time, the representativeness of the sequence will be affected
if all values are taken for median calculation. Therefore, the max-
imum index value in normal time is selected, and the index value
in abnormal time is combined to establish the characteristic value

sequence for median calculation to obtain the index danger critical
value. The maximum value of normal variance index is 0.034, com-
bined with abnormal variance index values [0.005, 0.0062, 0.013,
0.018, 0.037, 0.11]. The median of the constituent characteristic
sequences [0.005, 0.0062, 0.013, 0.018, 0.034, 0.037, 0.11] is 0.018 as
the critical value of variance danger. Similarly, the peak difference
critical value was calculated to be 0.41, and the fluctuation slope
critical value was calculated to be 0.0271, −0.0271.

According to the abnormal gas index value and the actual situation
under Qianjiaying Mine, expert opinions are adopted to determine
thewarning critical value and the attention critical value to be about
60% and 80% of the danger critical value respectively. In order to
improve the accuracy of the early warning system, mines should re-
evaluate and determine critical values of variance, peak difference,
and fluctuation slopes according to the actual situation in different
regions and at different coal seams, to avoid missing reports and
false positives.

According to the critical value of the characteristic index of gas
emission, early warning standards at all levels were determined, as
shown in Table 1.

2.5. Early Warning Model and System

2.5.1. Entropy-weight Bayesian principle

Based on the gas emission data fromQianjiaying coalmine, an early
warning index value for the heading face was collected, and the
weights of variance, peak difference, and fluctuation slope of the
early warning index at the heading face in the early warning pro-
cess were determined using the entropy-weight method. This was
to avoid the influence of external factors on the index value asmuch
as possible, and to provide a reasonable basis on which to judge the
determination of the early warning grade. According to Bayesian
theory, the membership degree of each early warning grade under
multi-index cooperative action can be calculated to determine the
early warning grade, so as to realize cooperative, multi-index early
warning and improve the accuracy of any early warning.

2.5.2. Calculation of index entropy weight

The entropy-weight method is an objective weighting method to
determine the index weight according to the information size of

(a) –850 main crosscut air intake roadway (b) 2077W mhaulage roadway

Figure 3 Analysis sequence of gas emission during a normal period.
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Figure 4 Analysis sequence of gas emission during an abnormal period.

Table 1 Gas emission characteristics index grades.

Early
Warning
Indicator

Normal Remind Attention Danger

S [0, 0.0108) [0.0108,
0.0144)

[0.0144,
0.0181) [0.0181, +∞)

F [0, 0.246) [0.246,
0.328) [0.328, 0.41) [0.41, +∞)

±K [0, 0.0162) [0.0162,
0.0216)

[0.0216,
0.0271) [0.0271, +∞)

each index value [23]. Suppose there arem samples to be evaluated
and n evaluation indexes, then an index data matrix can be con-
structed, A =

(
xij
)
m × n, i = 1, 2...m; j = 1, 2...n. For the index xj,

the greater the difference between the index values xij, the greater
the role the index plays in the comprehensive evaluation, and the
greater the corresponding weight of the index.

To determine the data matrix:   

  A =
(
xij
)
m×n

A =
(
xij
)
m×n

  (4)

where xij is the value of index j of sample i.

After normalizing the data, the proportion of the j index in the
index under the i sample can be calculated by

Pij =
xij
n

∑
i=1

xij

(5)

To calculate the entropy of the j index:

ej = −k
n

∑
i=1

Pij In
(
Pij
)

(6)

In the formula: k = 1
Inm
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To calculate the weight of the j index:

𝜔j =
1 − ej
m

∑
j=1

gj

(7)

2.5.3. Entropy-weight Bayesian early warning model

The Bayesianmethod is a statistical method based onmathematical
theory that can be used to carry out probability inference through
data information [24]. Based on the Bayesianmethod, themember-
ship degree of real-time monitoring sample indexes at each early
warning grade was calculated, and the early warning grade could
then be more objectively and reasonably determined by combin-
ing the entropy weight of each index determined by information
entropy.

According to the Bayesian formula, the Bayesian outburst warning
model was determined as follows:

P
(
yij|xi

)
=

P
(
yij
)
P
(
xi|yij

)
4
∑
j=1

P
(
yij
)
P
(
xi|yij

) (8)

where yij indicates the standard value of each grade of early warning;
xi is a characteristic index value representing gas emission quantity;
j = 1, 2, 3, 4, indicates “normal,” “remind,” “attention,” and “dan-
ger,” respectively; i = 1, 2, 3, represents variance, peak difference,
and fluctuation slope, respectively; P(yij) represents the prior prob-
ability of the standard values of all grades of early warning, and the
prior probability of the standard values of all grades is equal when
evaluating the outstanding early warning grade.

According to the concept of geometric probability, the distance
method was adopted, and the reciprocal of the absolute value of the
difference between the measured gas emission characteristic index
value and the selected warning grade standard was used for the fol-
lowing calculation:

P
(
xi|yij

)
=

1/Lij
4
∑
j=1

1/Lij

(9)

where Lij = ||xi − yij||
The posterior probability formula for calculating coal and gas out-
burst under multiple indexes is

Pj =
3
∑
i=1

𝜔iP
(
yij|xj

)
(10)

where 𝜔i is the index entropy weight.

Using the principle of maximum probability to determine the early
warning grade:

Qj = max
j=1−4

Pj (11)

2.5.4. Early warning system for coal and gas outburst

The Qianjiaying coal mine was taken as the research object to build
a coal and gas outburst system. The coal and gas outburst early
warning system was jointly constructed using Visual Basic (VB)
programming,MATLAB numerical calculation, and an SQL-server
database. The entire early warning system requires less investment,
is easy for field personnel to master, and can realize noncontact,
real-time, continuous early warning, early warning data-storage,
querying, reporting, and other functions.

The coal and gas outburst early warning system consists of two
parts: a real-time data acquisition system and a visual early warn-
ing system. Its working principle involves a real-time data acqui-
sition system established via an FTP network protocol through a
local area network for data transmission; reading of gas monitor-
ing data in the dispatch center in real time; and storage of the col-
lected real-time gas data and other information from the mining
area, the heading face, and sampling points in the early warning
information database. The visual early warning system is connected
to the early warning information database, analyzes real-time gas
data for monitoring and early warning, and stores early warning
information from regions and crosscuts in the database. The main
interface of the visual early warning system displays real-time gas
emission characteristic values from all sampling points, carries out
cyclic continuous monitoring of the whole mine, and enters the
visual early warning interface to enable viewing of early warning
information when sampling points are giving abnormal results.
The visual early warning interface is divided into two sections.
The first layer provides area early warning, key indicators of which
are selected to provide early warning for each production area. The
second layer provides local early warning, including heading-face
early warning. Early warning from the heading face takes absolute
gas emission as monitoring data, then cyclically and continuously
analyzes and calculates characteristic index values such as vari-
ance, peak difference, fluctuation slope, in a specific time sequence.
It then determines the coal and gas outburst early warning grade
under the synergistic effect of multiple indexes through an entropy-
weight Bayesian outburst early warning model, and if the early
warning grade moves above the warning grade, the early warning
interface displays appropriate instructions, carries out on-site veri-
fication through an early warning release platform, and takes cor-
responding outburst prevention measures. A flow diagram of the
early warning system is shown in Figure 5.

3. RESULTS AND DISCUSSION

3.1. Model Results

Based on the real-time monitoring data of gas emission from the
dispatching center at three heading faces of −850 main cross-
cut intake roadway, 2077W haulage roadway and 2096 ventilation
roadway in a certain period of time in Qianjiaying Mine, and the
monitoring data of gas probes in roadways at different periods of
time before the occurrence of dynamic phenomena in −850 main
crosscut area, the monitoring sequence of gas emission is estab-
lished. Since the updating interval of the gas data in the dispatching
center is 1 min, in order to ensure the real-time performance of the
early warning index value and the validity of the data, the monitor-
ing step length is taken as i = 10, and the variance, peak difference,
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Figure 5 The early warning system process.

and fluctuation slope are calculated and analyzed by formulas
(1–3). The early warning index values under different conditions
are obtained, as shown in Table 2.

According to the normal gas emission samples and gas emission
samples prior to outburst (Table 2), the sample to be evaluated,
m, and index n, were determined, where n includes variance, peak
difference, and fluctuation slope. The data matrix A was deter-
mined using formula (4), and the entropy weight of each index
was calculated using formulas (5–7). The variance entropy weight
𝜔1 = 0.3289; peak difference entropy weight 𝜔2 = 0.2766;
and fluctuation slope entropy weight 𝜔3 = 0.3945. The entropy
weight of each index is corrected and calculated with the update of
sample data.

The variance in the characteristic index of gas emissions on June
14, 2018, in the 2077W haulage roadway of Qianjiaying coal mine
was 0.034, the peak difference was 0.5, and the fluctuation slope was
−0.0018, with the peak and variance reaching the “danger” grade,
while the fluctuation slope was normal. According to field verifica-
tion at the mine, the 2077W haulage roadway had an anchor bolt
drilling for construction between 09:00 and 10:00 during themorn-
ing shift on that day, and there was no outstanding danger. During
this period, the gas data showed an increase, and the peak difference
and variance indexes were abnormal. Abnormal gas data at sam-
pling points during underground construction results in relatively
large fluctuations of peak difference and variance, but relatively
small fluctuation slopes. According to the entropy-weight method,
the weight of each index is calculated as fluctuation slope, variance,
and peak difference, from large to small. According to the weight of
each index, the influence of index abnormality on the determina-
tion of the early warning grade is avoided to a certain extent, which
provides a reasonable basis for judging the determination of an early
warning grade.

Based on gas data from Qianjiaying coal mine during a normal
period and an outburst, early warning analysis was carried out. The
membership degree of each grade of coal and gas outburst in the
heading face under multiple indexes was calculated using formu-
las (8–10), and the early warning grade was determined by formula
(11), as shown in Table 3.

Table 2 Warning index values of different samples.

Gas Emission Sample Early Warning Indicator Value
S F K

−850 main crosscut
air-intake roadway 0.00009 0.03 0.00018
2096 ventilation
roadway 0 0 0
2077W haulage
roadway 0.034 0.5 −0.0018
−850 main crosscut
(7 hours before
outburst)

0.005 0.2 0.014

−850 main crosscut
(4 hours before
outburst)

0.0062 0.2 0.017

−850 main crosscut
(3 hours before
outburst)

0.013 0.4 0.027

−850 main crosscut
(2.5 hours before
outburst)

0.018 0.4 0.038

−850 main crosscut
(2 hours before
outburst)

0.037 0.6 0.036

−850 main crosscut
(1 hour before
outburst)

0.11 1.1 0.044

Real-time early warning analysis was carried out based on data
from the −850main crosscut air-inlet roadway, the 2096 ventilation
roadway, and the 2077W haulage roadway, based on an entropy-
weight Bayesian early warning model. The results showed that the
early warning grade was “normal” and this was verified to be con-
sistent with the field situation. At the same time, the gas outburst
data of the main crosscut at the −850 level were simulated, and the
results showed that the warning grade increased from “remind” to
“danger” between 7 to 3 h prior to the outburst, and the “danger”
warning grade was obtained several times between 3 to 1 h prior
to outburst. The simulated warning result was consistent with the
accident, and the outburst warning grade could be determined over
a long time period.
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Table 3 Warning grades for different samples.

Gas Emission Sample Membership of Each Early Warning Grade Warning Grade
Normal Remind Attention Danger

−850 main crosscut air-intake
roadway 0.9167 0.0362 0.0264 0.0207 Normal
2096 ventilation roadway 1.0000 0.0000 0.0000 0.0000 Normal
2077W haulage roadway 0.3944 0.1555 0.1848 0.2652 Normal
−850 main crosscut (7 hours
before outburst) 0.1921 0.4994 0.1887 0.1198 Remind
−850 main crosscut (4 hours
before outburst) 0.1402 0.5787 0.1763 0.1048 Remind
−850 main crosscut (3 hours
before outburst) 0.0246 0.1218 0.2013 0.6523 Danger
−850 main crosscut (2.5 hours
before outburst) 0.0535 0.0994 0.1469 0.7001 Danger
−850 main crosscut (2 hours
before outburst) 0.1312 0.2121 0.2707 0.3860 Danger
−850 main crosscut (1 hour
before outburst) 0.1811 0.2363 0.2676 0.3151 Danger

3.2. System Application

Much research has been conducted into early warning techniques
for coal and gas outburst, based on outburstmechanisms, with non-
contact, continuous outburst prediction showing great promise for
outburst early warning and prevention. Relevant data analysis can
be carried out using mine gas data monitoring systems, and early
warning can be achieved by studying early warning characteristic
values, with good results.

It is difficult to reflect instantaneous disturbances, area character-
istics, and dynamic evolution processes of coal and gas outburst
risks using conventional gas content detection methods via sam-
pling. Therefore, it is necessary to use existingmine safety monitor-
ing systems to collect gas emission data in real time, combine key
outburst factors with gas emission characteristic values, and build
an early warning system based on an entropy-weight Bayesian out-
burst early warning model.

The coal and gas outburst early warning systemwas commissioning
and operation in Qianjiaying Mine. During this period, the system
detected abnormalities in the early warning indicators of the 2172
return air roadway and issued an early warning signal. During the
morning shift on November 13, 2019, the 2172 return air roadway
worked normally. The early warning system issued an early warning
signal at 11:30, and the early warning grade was reminder (green),
as shown in Figure 6. Immediately notify the underground staff to
conduct on-site inspections and confirm that the coal seam is seen
at the end of the heading face during this period. According to the
statistical results of previous accident cases, the probability of coal
and gas outbursts is the highest in the process of uncovering coal
at the working face [4]. Therefore, emergency prevention measures
were taken immediately, and the relevant workers were evacuated.
At 18:15 on November 13, a micro gas outburst accident occurred
in the 2172 return air roadway, causing no personal injury or equip-
ment loss.

The system issued an early warning signal 6 hours before the acci-
dent, which not only ensured the safety of on-site staff, but also
reduced unnecessary losses. At the same time, after the system
sends out an early warning signal, it should immediately notify the

downhole to conduct on-site verification to checkwhether there are
abnormal indicators caused by human factors such as underground
construction to avoid early warning errors.

4. CONCLUSIONS

Coal and gas outburst is a natural phenomenon that can occur in
coal mining and production. Effective prevention of outburst acci-
dents can ensure the personal safety of workers and improve the
production efficiency of a mine. Taking Qianjiaying coal mine as
the research object, this paper constructed a coal and gas outburst
early warning system based on multi-index synergy, and achieved
a good early warning effect.

1. Based on the key factors linked to gas outburst, and early warn-
ing indicators, an area–local outburst early warning system in
the Qianjiaying coal mine area was established. The area early
warning indexes were determined to be geological structure
complexity and gas pressure. Early warning indicators at head-
ing faces were variance, peak difference, and fluctuation slope
of gas emission.

2. A comprehensive analysis of the gas dynamic phenomenon in
the −850 level main crosscut area of Qianjiaying coal mine, as
well as the characteristic values of gas emission in normal and
abnormal periods, was carried out. The variance in “danger”
critical values was 0.0181, the peak difference “danger” critical
value was 0.41, and the fluctuation slope “danger” critical val-
ues were 0.0271, −0.0271. The “remind” and “attention” critical
values were about 60% and 80% of the “danger” critical values,
respectively.

3. An entropy-weight Bayesian coal and gas outburst early warn-
ing model was established to carry out coordinated, multi-
index early warning for a heading face. Early warning results
were classified into three grades: “remind” (green), “attention”
(orange), and “danger” (red). Through field verification in
Qianjiaying coal mine, the early warning results were found to
be consistent with an actual situation.
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Figure 6 System application visual interface.

4. Based on VB and MATLAB data analysis, a coal and gas out-
burst early warning system for Qianjiaying coal mine was com-
piled, including a real-time gas data acquisition system and a
visual early warning system. The gas data real-time acquisition
system can read gas monitoring data from a mine in real time,
while the visual early warning system can monitor gas data for
real-time early warning. Through the application in Qiangjiay-
ing mine, a gas outburst was detected by the warning system,
and an early warning was issued 6 hours before the accident.

Further research will improve the data acquisition of the gas out-
burst warning system. On the basis of real-time monitoring of gas
emission, the abnormal value of gas emission is collected, the char-
acteristic values of early warning indicators are evaluated in real
time, and the critical values of indicators are updated and corrected
to ensure the real-time accuracy of the early warning results. At the
same time, after the system sends out the outburst warning signal,
how to take effective emergency prevention measures to avoid coal
and gas outburst accidents and to achieve the combination of early
warning and outburst prevention is also the focus of future work.
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