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Coal and gas outburst is one of the major disasters in the safety production of coal mine. According to the mechanism of coal and
gas outburst, based on the comprehensive analysis of various influencing factors of coal and gas outburst, with the principles of
selected early warning indicator, the basic information database of coal and gas outburst warning is constructed, and the in-
formation data query function is realized. +e mathematical model of coal and gas outburst warning is established by the logistic
regression analysis based on the gas concentration, the gas desorption index of drill cuttings, and the initial velocity of gas
emission from the borehole.+emultivariate information coupled warning was conducted according to the selected early warning
indicator system, and the early warning level was divided with the result of early warning. +e design and research of the coal and
gas outburst warning system are carried out based on the geographic information system (GIS).+e coal and gas outburst warning
system was verified by taking the Tunliu mine of Lu’an Group as an example. +e establishment of the early warning system is a
new technical way to the early warning management of coal and gas outburst and can provide a guarantee for coal and gas
outburst prevention.

1. Introduction

Coal and gas outburst is an extremely complex dynamic
phenomenon in the process of coal mining [1]. Coal and gas
outburst is the result of various factors, such as ground stress,
coal seam gas, and physical and mechanical properties of coal
[2, 3]. A lot of research work has been conducted in mine and
gas outburst prediction and warning [4–6]. +e prediction of
coal and gas outburst is based on the process of understanding
coal and gas outburst and its influencing factors. A com-
prehensive hypothesis is generally accepted for the mecha-
nism of coal and gas outburst [7, 8].+e coal and gas outburst
is controlled by the combination of ground stress, coal seam
gas, and physical properties of coal [9, 10]. +e purpose of the
research on the mechanism of coal and gas outburst is to
predict the degree of danger and to take corresponding
prevention measures [11, 12]. Some modern mathematical
theories andmethods are also widely used in the prediction of
coal and gas outburst, mainly including the grey theory [13],

artificial neural network [14], and support vector machine
algorithm [15]. So far, the prediction methods of coal and gas
outburst can be divided into three categories, namely, tra-
ditional gas geological methods, emerging noncontact pre-
dictions and modern computer science techniques, and
mathematical theoretical methods [10, 16].

Aiming at the current research and the status of coal and
gas outburst prediction indicators at home and abroad, it is
considered that the following aspects of the current research
on predictive indicators need to be further studied: (1) the coal
structure reflects the coal seam strain history and strain
characteristics, which is not systematically understood for the
tectonic evolution experienced by tectonic coal and the dis-
tribution law of tectonic coal, and (2) the coal structure is not
mature in the prediction of coal and gas outburst. Most of
them are only in qualitative analysis, but a few are quantitative
studies. +e issue how to identify the sensitivity of structural
coal in different locations to each parameter needs to be
solved.
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In the process of outburst disaster development, the
influence degree of each factor is different, so the traditional
single factor prediction method is difficult to meet the needs
of production. +ere are complex nonlinear relationships
among influencing factors of coal and gas outburst. Logistic
and GIS analysis methods not only have strong nonlinear
approximation ability but also have the function of real-time
regional prediction. +erefore, the development of logistic
and GIS multi-information coupling monitoring and early
warning index system provides a new forecasting method for
the prediction of coal and gas outburst.

2. The Basic Information Database of Coal and
Gas Outburst Warning

According to the comprehensive hypothesis, the structural
stress and gas and coal structure are the three main factors
that lead to coal and gas outburst. +e main argument is that
coal and gas outburst is the result of a combination of
ground stress and gas and coal structural properties. Except
for ground pressure and gas pressure, there is no other
energy source that causes outbursts in the coal seam.

+e system index includes mining depth, coal seam
thickness, coal seam dip angle, firmness coefficient, coal
seam gas content, gas pressure, and initial velocity of gas
emission.+e index is established through the analysis of the
influencing factors of coal and gas outburst. +en, it can
select different risk assessment indicators and establish a
database of coal and gas outburst characteristics according to
different mining areas, different well fields, and different
working faces’ coal bodies, coal seams, and their gas’
characteristics and disciplinarian. +e system database uses
Microsoft SQL as the database. SQL (Structured Query
Language) is the standard language of relational databases,
integrating data query, data manipulation, data definition,
and data control functions [17]. +e message query interface
of the database of coal and gas outburst characteristics is
shown in Figure 1.

3. TheModel ofCoal andGasOutburstWarning

3.1. Warning Indexes. Under the structural stress, the
composition and original structure of coal in the original
coal seam change, and the structural coal with different
degrees of damage is formed. +e degree of coal body
damage is an important indicator to measure the risk of coal
and gas outburst. At the same time, the structural coal
damaged by the structure stress has abnormal gas parameter
characteristics. Coal and gas outburst structure’s physical
environment reflects the important role tectonic coal plays
in coal and gas outburst. +is paper analyzes the structural
coal structure, coal structure characteristics, and gas pa-
rameters of the study area; determines the early warning
evaluation index of coal and gas outburst; and combines the
gas geological theory to predict the risk of coal and gas
outburst.

+e single factor of drilling cuttings gas desorption
index, gas concentration, and the initial velocity of gas
emission from the borehole is adopted to predict the

outburst risk in Lu’an Tunliu mine. However, with the
continuous increase of mining depth, the occurrence of the
coal seam is also changing, so the single factor prediction is
obviously not suitable for the prediction of outburst risk.
After many years of research, it is generally believed that
ground stress, coal seam gas, and mechanical properties of
coal are the direct causes of outbursts. +erefore, the
multivariate information coupled warning is needed to
predict coal and gas outburst. +e index of drilling cuttings
mainly reflects the effect of ground stress and the mechanical
properties of coal. Drilling cuttings gas desorption index can
correctly reflect the relationship between the damage degree
of coal structure and the gas content. +e gas concentration
can effectively reflect three aspects of ground stress, coal
seam gas, and mechanical properties of coal.

+e fundamental purpose to build coal and gas outburst
warning is to forecast the degree of danger of coal and gas
outburst. So, choosing scientific, reasonable, and effective
indexes to build a complete indicator system is the basis and
premise for the warning of coal and gas outburst.

(1) Gas concentration: Gas plays a vital role in the
process of gestation and development of the coal and
gas outburst. According to the research of modern
scientists and scholars, coal and gas outburst is
mainly the mechanical processes that occur when the
coal body is suddenly destroyed under the coupling
of coal body deformation and gas flow.+e gas in the
coal body has an effect on the physical and me-
chanical properties of coal and the response char-
acteristics of its mechanical properties. +e process
of deformation and failure of coal body is dominated
by the formation and expansion of internal micro-
cracks. +e coal mine safety monitoring system can
monitor the gas concentration in real time, which
reflects the inherent relationship among mechanical
properties of coal, the coal seam gas, the ground

Figure 1: Message query interface.
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stress, and so on. If gas concentration is steady and
not exceeding the standard and emission keeps
relatively stable, the possibility of coal and gas
outburst occurrence is lower; otherwise, the possi-
bility will increase.

(2) Drilling cuttings gas desorption index (Δh2): Using
drilling cuttings gas desorption index to predict the
risk of coal and gas outburst is common in home and
abroad. Experiments proved that the value of drilling
cuttings gas desorption index can clearly reflect the
comprehensive effect between gas content in the coal
seam and destruction degree of coal body structure.
+e nature of coal structure, the amount of gas
content and gas pressure in the coal seam, and the
damage degree of coal body structure are all closely
related to the characteristic value of gas desorption in
the coal seam. Experiments show that the higher the
failure type of coal is, the greater the desorption rate
of coal will be. +e amount of gas desorption of coal
samples in the outburst area is much larger than that
in the outburst hazard-free area. +erefore, the
dangerous degree of coal seam outburst is fully re-
flected through the gas desorption index.

(3) Initial velocity of gas emission from borehole (q):
+e initial velocity of gas emission from boreholes is
a comprehensive index to evaluate the risk of out-
burst, which reflects the relevant factors that de-
termine the risk of outburst in the coal seam. +e
experimental results show that the initial velocity of
gas emission can reach a higher value when the gas
permeability of the test site is high. +e gas emission
velocity of the borehole has a certain maximum
value. In most cases, the maximum value is at the last
0.5–5mins of the survey, and the time from the end
of drilling to the beginning of the measurement is
usually not more than 2-3mins. +e reason that the
initial velocity of gas emission increased in the initial
stage is that the free gas constantly filled the mea-
suring room and the residual gas pressure increases
in the measuring room. +e maximum amount of
gas gushing out of the measuring room per unit time
after sealing is called the initial velocity of gas
emission from the borehole. Under different original
gas pressure, the gas emission velocity of the bore-
hole varies with time and has a certain relationship
with the original gas pressure. +e larger the original
gas pressure is, the faster the initial velocity of gas
emission from the borehole will be.

3.2. Warning Model. +e so-called logistic regression
analysis refers to the regression analysis in which the de-
pendent variable is the second-order scoring or second-
order assessment. In coal mine safety, the occurrence of coal
and gas outburst is taken as the dependent variable. +en,
the dependent variable conforms to the basic characteristics
of regression analysis in which the dependent variable is the
second-order scoring or second-order assessment. Logistic
regression analysis can be used to analyze the relationship

between outburst risk occurrence probability, outburst
prediction index value, and outburst omen, so as to realize
the combination of outburst prediction index and outburst
omen.

3.2.1. Logistic Regression Model. Logistic regression analysis
is applied to analyze and interpret the relationship between a
dependent variable of a name scale and more than one
isometric independent variable [18]. Firstly, the biggest
difference between it and multiple regression analysis is the
difference in the nature of dependent variables. Because of
the different nature of the dependent variables, this makes
some difference in parameter estimation and hypothesis
between them. In regression analysis, usually, the regression
model must conform with the normal assumption. But the
assumption of logistic regression analysis is that the prob-
ability distribution of the sample on the dependent variable
is S-shaped, especially called logistic distribution. Secondly,
in terms of parameter estimation, the regression analysis
usually obtains the best estimate of the independent pa-
rameter based on the principle of minimizing the residual
value through the least squares method; but the logistic
regression analysis is through the maximum likelihood
method, based on the principle of maximizing the proba-
bility of the number of observations of the dependent
variable. +en, the best estimate of the independent pa-
rameter is obtained.

In the traditional multiple regression, since the depen-
dent variable Y is a continuous variable, the conditional
average to calculate Y is equal to a certain value as follows:

E(Y|x) � β0 + 

p

i�1
βiXi. (1)

In formula (1), E(Y|x) means that Y is equal to the
expected value of the conditional average of a certain value,
which is a linear equation of the x variables. But when the
dependent variable is a dichotomous variable, the expected
value will fall between 0 and 1, as 0≤E(Y|x)≤1. At this
point, if we calculate E(Y|x), respectively, based on the
measured values of the sample in the independent variable X
and set the value of E(Y|x) at plane coordinate, it will be
found that the probability distribution is no longer a straight
line, but similar to S-type. And the equation of this curve is

f(x) �
1

1 + e
−z. (2)

From equation (2), when the value of z approaches −∞, f
(z) approaches 0; when the value of z approaches ∞, f (z)
approaches 1. And z is equal to

z � β0 + 

p

i�1
βiXi � β0 + β1X1 + β2X2 + · · · + βpXp. (3)

+e function f (z) formed by the expected value of the
conditional mean of the above-mentioned binary variable is
called a logistic function, and the dependent variable is no
longer a variable of equal distance or more, so E(Y|x) is
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called a conditional probability. For convenience, sometimes
P (y) can be written as

P(y) �
1

1 + e
−z �

1

1 + e
− β+  βiXi( 

. (4)

According to the success probability of formula (4) P (y),
the conditional probability of failure of a binary name
variable is

1 − P(y) � 1 −
1

1 + e
− β+  βiXi( 

�
e

− β+  βiXi( 

1 + e
− β+  βiXi( 

.

(5)

In order to perform logistic regression analysis, we must
convert the logistic function into a linear property, since the
logistic function is not a linear function. To convert, we must

first calculate the odds (odd), and the calculation of the odds
value is

Odd �
P(y)

1 − P(y)
�

1/ 1 + e
− β+  βiXi( 

 

e
− β+  βiXi( / 1 + e

− β+  βiXi( 
 

� e
β+ βiXi( 

.

(6)

From the value of formula (6), we know that the
probability of success represents the ratio of the probability
of occurrence (success) of an event to the probability of
nonoccurrence (failure); that is to say, the probability of
occurrence of an event is several times that of
nonoccurrence.

Formula (6) shows that the odds are still not linear, so it
is necessary to further convert the natural logarithm of the
odds; that is,

In(Odd) �
P(y)

1 − P(y)
� β0 + 

p

i�1
βiXi � β0 + β1X1 + β2X2 + · · · + βpXp. (7)

It can be known from formula (7) that when the odds are
taken as the natural logarithm, it becomes a linear equation,
and this process is a logit transformation. When the logit
conversion is completed, the researcher can use the maxi-
mum likelihood for parameter estimation to further explain
the relationship between variables and make predictions.

3.2.2. 0e Steps of Logistic Regression Analysis. For a binary
nominal variable, we usually use p to represent the proba-
bility of success and 1− p to represent the probability of

failure. So for the binary dependent variable Y, the mea-
surement of the observation (the conditional probability of
being equal to 1 or 0) is

P Y � yi(  � p
yi (1 − p)

1−yi . (8)

+en, the maximum likelihood method is used to esti-
mate the parameters of the logistic regression analysis. First,
the likelihood ratio function L of N independent observa-
tions is calculated. +e calculation of L is

L � 
N

i�1
p

yi (1 − p)
1−yi � 

N

i−1

1

1 + e− β+  βiXi( 
 

yi e− β+  βiXi( 

1 + e− β+  βiXi( 
⎛⎝ ⎞⎠

1−yi

. (9)

Take the natural logarithm to the formula likelihood
ratio function, differentiate the estimated parameters β
separately, andmake the obtained differential equation equal

to zero. +us, the parameter estimates of the logistic re-
gression analysis can be obtained. +e likelihood ratio
function takes the natural logarithm as follows:

InL � 
N

i�1
yiIn

1

1 + e
− β+  βiXi( 

⎛⎝ ⎞⎠ + 
N

i�1
1 − yi( In

e
− β+  βiXi( 

1 + e
− β+  βiXi( 

⎛⎝ ⎞⎠. (10)

3.3. Engineering of Data Processing. Firstly, the gas con-
centration, the analytic index Δh2, and the initial velocity q
of drilling gas emission value are defined as numerical
variables, and the data precision is two decimal places after
taking the decimal point. Define whether there is an outburst
risk dependent variable as a character variable and input the
data from the prediction table into the database at once.

Secondly, the binary logistic is selected in SPSS for regression
analysis.

+e value of independent parameter estimation and
significance test results of the logistic regression model are
output by SPSS. +e second column in the report is the
coefficient value of the independent variable, the third
column is the standard error of the coefficient estimation,
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the fourth column is the Wald significance test value of the
coefficient, the fifth column is the degree of freedom, the
sixth column is the significant level, the seventh column is
the occurrence rate of independent variables, and the last

two columns are the estimated values of the 95% confidence
interval of the occurrence ratio.

Based on the variable coefficients in the equation listed in
Table 1, the probability of risk occurrence can be written in
the form of a logistic function as follows:

P �
1

1 + exp −  bixi 
�

1
1 + exp − 5.078x1 + 0.41x2 + 11.63x3 − 104.728(  

. (11)

In formula (11), x1 is gas concentration, x2 is gas ana-
lytical strength, and x3 is initial velocity of gas emission for
the borehole.

+e closer the strain variable P is to 1, the higher the
outburst risk is, and the closer it is to 0, the lower the
outburst risk is.

+e logistic regression model was used to treat the test
data for prediction, and the prediction results are shown in
Table 2.

+e results of the logistic regression prediction model
were compared with the data recorded in the production
process of the experimental mine, and the comparison re-
sults showed that the predicted results were consistent with
the situation encountered in actual production, which in-
dicated that the logistic regression prediction model was
feasible. Different mines can establish their own prediction
indexes according to the actual situation and establish their
own logistic regression prediction model.

4. Construction ofWarning System forCoal and
Gas Outburst under GIS Environment

4.1. Data Fusion of Early Warning Indicators. +e causal
factors of coal and gas outburst are not single but the result
of the combined effects of various factors. +erefore, it is
necessary to use a comprehensive index of various indicators
affecting the risk of coal and gas outburst to reflect the
dangerous state of coal and gas outburst. Due to the mul-
tisource of data sources for these reasons, effective means are
needed to explain and describe the data from different
sources, and the multi-information data fusion technology
provides a feasible solution for this [19]. +e relationship
between each index and outburst factors is shown in
Figure 2.

+e relationship between each warning index and out-
burst risk is not simply superimposed. +rough the analysis
of each index, the form of fault tree can be adopted, and the
logical relationship between each index can be expressed. If
the prediction index exceeds the critical value, the value will
be assigned to 1; otherwise, the value will be 0, so whether the
working face has outburst danger or not can be calculated by
Boolean algebra. When the calculation is 1, it shows that
there is outburst risk; otherwise, there is no outburst risk.

4.2. Warning System Based on Multi-Information. Coal and
gas outburst warning is the prediction and monitoring of
coal and gas outburst based on the obtained information

under the normal production conditions of coal mines and
makes early warning of the degree of near-negative quali-
tative change of the system operation. +e main function of
the coal and gas outburst warning system is to use the
relevant information and timely data obtained through
monitoring and inspecting to store, process, and identify the
information data. According to the conditions of the mine,
the appropriate early warning indicators are selected to
complete the simulation of the early warning model, and the
early warning results are calculated. According to the early
warning criteria, the early warning evaluation method is
selected, the evaluation results are given, the state of the
danger level is determined, and the prevention and control
measures are taken; therefore, through the establishment
and realization of the coal and gas outburst warning system,
the ultimate objectives are as follows:

(1) +e early warning system accurately diagnoses and
evaluates the dangerous state of coal and gas outburst
in the coal mining process by extracting the required
information.

(2) To research coal and gas outburst warning indica-
tors, using SPSS statistical software to simulate in-
formation data, construct mathematical equations,
and conduct coal and gas outburst multi-informa-
tion coupling early warning: this system is used to
carry out early warning research of coal and gas
outburst danger in test mine. According to the early
warning results, the warning level is divided.

(3) Aiming at the hierarchical management mode of coal
and gas outburst danger status, an early warning
signal output method based on ArcGIS is proposed.

+e multi-information coupling warning principle is
shown in Figure 3.

According to the designing principles and requirements
of the coal and gas outburst warning system, combined with
the characteristics of GIS and logistic regression analysis, a
warning scheme for coal and gas outburst is proposed. In the
coal and gas outburst working surface warning system, it is
based on the coal mine gas geology to determine the region’s
coal and gas outburst warning indicators through the
analysis of the physical properties of the coal seam, gas, and
ground stress, three major factors, and then do treatments
and quantization for each indicator, establishing the
mathematical model of coal and gas outburst warning on
GIS. Finally, the distribution of gas outburst hazard level in
this area is obtained according to the classification of
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warning. In the real-time warning system of coal and gas
outburst working face, the system mainly judges whether
there is gas outburst danger by extracting the gas concen-
tration, drilling cuttings gas desorption index (Δh2), initial
velocity of gas emission from borehole (q), and then using
the logistic regression analysis to dispose.+e warning result
is finally obtained as shown in Figure 4.

4.3. 0e Output of Warning Signal. +e geographic infor-
mation system (GIS) is an emerging edge discipline inte-
grating computer technology, geoscience theory, space
science, and information management technology [20]. It

can not only store, analyze, and express the attribute in-
formation of various objects in the real world but also deal
with its spatial positioning features, combine spatial data and
attribute information, and provide data query, retrieval, and
analysis functions visually and intuitively. ArcGIS can finish
every GIS task from simple to complex, including mapping,
data management, geographic analysis, data editing and
geoprocessing, spatial graphics, relational databases,

Table 1: Variables in the equation.

B SE Wald df Sig. Exp. (B)
95% CI for Exp. (B)
Lower Upper

Gas concentration 5.078 1.442 0.003 1 1.000 1.417 0.000

5.34E13Gas analytical strength 0.410 1.245 0.025 1 0.998 1.506 0.000
Initial velocity of gas emission from borehole 11.630 1.865 0.016 1 0.999 2.534 0.000
Constant −104.728 1.123 0.009 1 0.996 0.008

Table 2: Discriminant results of samples to be tested.

Gas concentration Gas analytical strength
Δh2 (Pa)

Initial velocity of gas emission
from borehole q (L/min) Predicted results +e actual situation

1.32 180 3.5 0.99 Outburst
0.80 150 2.0 1.23 × 10−7 No outburst
1.30 120 2.5 2.39 × 10−9 No outburst

Gas concentration

Drilling crumbs (S)

Drilling debris gas
analysis index

Gas

Ground stress

�e type of coal
failure

Outburst

Figure 2: Schematic diagram of the relationship between each index and prominent factors.

Outburst danger

Gas concentration Gas desorption
strength

Initial velocity of gas
emission from borehole

Logistic regression
analysis and prediction

SPSS statistical

The result output of
early warning based on

Data query system

Figure 3: Schematic diagram of multi-information coupling
warning principle.

Figure 4: Interface of multi-information coupling warning system
for coal and gas outburst.
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statistical graphics, spatial analysis, network communica-
tion, object-oriented programming, support for commu-
nication between applications, and provide the interface for
other applications. It relies on the operating platform of
Windows and uses various resources of Windows to have
powerful features and potential.

+e coal and gas outburst warning system is a disaster
accident decision-making system, and the accuracy of the
results directly affects the reliability of the entire system.+is
paper adopts the internationally accepted green, yellow,
orange, and red as the warning color to indicate the danger
of coal and gas outburst’s four status: no alarm, light alarm,
middle alarm, and heavy alarm. According to the selected
early warning index system and quantification method of
coal and gas outburst, the early warning comprehensive
index of coal and gas outburst working face is obtained
through the early warning model. At the same time,
according to the provisions of “Controlling Coal and Gas
Outburst Rules,” the early warning area of mine face is
divided into 4 levels, as shown in Table 3.

By using the ArcGIS technology platform, the mine
engineering drawing is visualized, the corresponding

prewarning color signal is output, the basic data information
of mine is displayed, and the visualization is realized. +e
organic combination of ArcGIS and logistic regression
analysis is realized, which provides a new method and
technology for coal and gas outburst warning.

Taking the Tunliu coal mine of Lu’an Group as an ex-
ample, according to the model of logistic regression analysis
and prediction, the multi-information coupled warning
system is used to substitute the collected warning indicators
to obtain the warning results of coal and gas outburst to
obtain the warning results of each working face.+e warning
results of each working face will be updated on the work
surface area automatically, and the area warning result will
be displayed on the view, which is convenient for man-
agement and operation, as shown in Figure 5.

5. Conclusion

(1) +rough the analysis of the influencing factors of
coal and gas outburst, the outburst characteristic
parameters are selected, and the basic information
database of coal and gas outburst warning is

Table 3: Coal and gas outburst hazard classification.

+e warning level +e description of
outburst risk

Alarm limit and
alarm interval Hierarchical management and precontrol strategy

(i) Red (serious
alarm) Serious outburst risk ≥75%

Group company management: company should take immediate
measures, even stop production and rectification, and continue to work

after the danger is eliminated

(ii) Orange
(medium alarm) General outburst risk [50%, 75%]

Coal mine department management: department should immediately
take measures to reduce the possibility of coal and gas outburst within the

specified time and then resume normal production

(iii) Yellow (light
alarm) Weak outburst risk [25%, 50%]

District management: accidents have a development trend, should be
highly vigilant, and take measures when necessary to reduce the risk of

coal and gas outburst
(iv) Green (no
alarm) No outburst risk <25% Safety in production

Figure 5: +e early warning result of working face in mine.
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established by Microsoft SQL to inquire the char-
acteristic parameter data of coal and gas outburst
conveniently.

(2) +e gas concentration, the gas desorption index of
drill cuttings, and the initial velocity of borehole gas
emission are selected as the warning index system.
+e logistic regression warningmodel of coal and gas
outburst is preliminarily fitted by SPSS software, and
the sensitivity of its outburst prediction is analyzed
and improved. It highlights the accuracy of pre-
diction and better realizes the warning of coal and
gas outburst.

(3) Logistic regression analysis and ArcGIS were or-
ganically combined to divide the warning grade of
coal and gas outburst and output the corresponding
warning grade signals. +e coupling warning system
of multiple information of coal and gas outburst is
constructed. +e visual warning function of warning
of coal and gas outburst is realized. It has important
guiding significance for preventing coal and gas
outburst.
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