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The existing mine pressure monitoring system has realized the online continuous monitoring of the working-face stent resistance,
roadway roof offcuts, and anchor rod/rope working resistance. However, the mine pressure monitoring information of the working
face currently includes only the stent resistance and the monitoring time, and there is no information on the working-face advance.
The mine pressure data cannot be precisely analyzed due to a lack of measurement point locations. Mine pressure data analysis
combined with the working-face feed information is the basis for safe and efficient mining and for improving the intelligence level of
the comprehensivemining face. According to the special electromagnetic environment of the underground, this system adopts UWB
(ultra-wide-band) technology and the SDS-TWR (symmetric double-sided two-way ranging) ranging method, with the UWB
positioning base station as the core and installs positioning tags at the end supports of the working face to collect information.
The data are uploaded to the host computer via Ethernet for coordinate solving, automatically collecting the working-face footage
data and providing positional information for mine pressure monitoring. The application results show that the system operates
normally and can collect real-time information of working-face footage andmonitor mine pressure data, and meet the requirements
of coal mine positioning accuracy, positioning error is less than 30 cm, the application effect is good.

1. Introduction

With the enhancement of domestic energy resource demand,
shallow coal mining resources have been unable to meet the
display demand, increasing the mining of deep resources
yearly. The safety problems in coal production have increas-
ingly triggered the concern of related industries, and Article
114 of the Coal Mine Safety Regulations requires that mining
pressure monitoring be carried out in the comprehensive
mining face. However, due to the limitations of the produc-
tion environment [1], technology, and equipment, mine
accidents occur frequently in China, with heavy casualties
and economic losses. By reviewing the data on the website
of the State Administration of Coal Mine Safety Supervision
and the publicly available literature, the number of various
types of safety production accidents in China’s coal mines in
the period of 2003–2019 as a percentage of the total number
of accidents has been statistically analyzed. The results of
the statistical results are shown in Figure 1, in which roof

accidents have the highest frequency of occurrence. The cur-
rent coal mining process often faces difficulties such as top-
coal damage, poor support condition of the stent, and impact
load of the team stent, which even destroys coal and rock
bodies [2] and causes damage to support equipment, collapse
of the roadway, and casualties. Therefore, it is especially
important to perform mine pressure monitoring to ensure
the support capacity of the stent and to determine the poten-
tial safety hazards in coal mines on time.

Scholars at home and abroad have conducted many stud-
ies on mine pressure monitoring. Yugay et al. [3] have devel-
oped a fiber optic sensor for monitoring pressure variations
in mine support elements fiber optic systems will increase the
share of mining automation, reduce the share of manual
labor, and eliminate measurement errors associated with
human factors. Zhou et al. [4] establish a microseismic mon-
itoring system according to the actual needs of the site and to
reveal the law of ground pressure manifestation by analyzing
the distribution characteristics of microseismic events; to
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analyze the occurrence stability of the goaf; further verify it
laterally; and finally, demonstrate the feasibility and effective-
ness of the microseismic monitoring sensor system. Although
in-depth research on mine pressure monitoring and predic-
tion has been carried out at home and abroad, most existing
mine pressure monitoring methods are top-plate mine pres-
sure monitoring. Pressure sensors are used in the working
face to monitor the change in the working resistance of the
hydraulic support. In the coal mine underground monitoring
system, the “roof pressure step,” is an important mine pres-
sure early warning parameter, which reflects the regularity of
top-plate rupture and movement. Specifically, it refers to the
fact that in coal mining, due to the influence of mine pressure,
the roof plate will periodically rupture and sink, forming the
“incoming pressure”. Each time the “pressure” occurs, the
distance the working face advances forward is the “roof pres-
sure step.” This parameter is significant for predicting mine
pressure disasters and ensuringmine safety. However, at pres-
ent, in order to obtain the “roof pressure step,” we can only
use the total footage of each shift or each day for average
processing; the manual measurement work efficiency is low,
and the error of the data obtained is large. Therefore, we need
a system that can automatically and accurately measure the
working-face footage to improve the accuracy and efficiency
of mine pressure monitoring. Combining the monitoring
time, measurement point location, footage information, and
geological conditions, we can accurately and comprehensively
dig out effective information about the pattern of mineral
pressure manifestation.

In order to improve themeasurement accuracy of the “roof
pressure step,” it is necessary to determine the positioning of

theworking face and the calculation of the distance between the
working face and the footage of the working face based on the
monitoring of the mining pressure. Existing positioning tech-
nologies applied to the comprehensive mining face in the coal
mine mainly include infrared-based positioning technology,
inertial navigation-based positioning technology, odometer-
based positioning technology, etc. The positioning technology
is based on the infrared ray, inertial navigation-based position-
ing technology, and odometer-based positioning technology.

The infrared-based underground positioning technology
installs the infrared-transmitting sensor in the body of the coal
miningmachine and the infrared-receiving sensor in the hydrau-
lic support [5, 6]. During the digging process, the infrared-
transmitting sensor on the body of the coal mining machine
continuously sends out infrared pulse signals through direction-
ality, and the infrared-receiving sensor on the corresponding
hydraulic support receives the pulse signals and recognizes the
position of the coal mining machine relative to the hydraulic
support. The infrared-receiving sensor on the corresponding
hydraulic support receives the pulse signal, recognizes the posi-
tion of the coal miner relative to the hydraulic support, and then
calculates the position information of the working face. The
infrared-based positioning technology is simple and low-cost;
however, the high amounts of dust in the coal mine affect the
transmission and reception of infrared signals, the positioning
accuracy is limited, and it cannot meet the requirements of the
accuracy of positioning in the coal mine.

Underground coal mine positioning technology based
on an inertial navigation system was first proposed and
researched by foreign research institutes in the 1980s. Reid
et al. [7], according to the coal mining characteristics of the
coal mining machine in the long-arm comprehensive mining
face, installed the inertial navigation system in the body of
the coal mining machine to accurately measure the three-
dimensional paths of the moving process of the coal mining
machine with a long arm, which was successfully designed
and applied in production [7]. However, the inertial naviga-
tion system, after a while, is often affected by environmental
factors and inertial navigation on the original data for many
times of integration and differentiation, resulting in the rapid
accumulation of positioning errors; the final positioning
results produce large errors [8]. Based on the above situation,
researchers began to use other auxiliary positioning informa-
tion to inhibit the accumulation and dispersion of position-
ing errors in the inertial navigation system. Li et al. [9] and
Ralston et al. [10] used the combination of an odometer and
inertial navigation system through the collection of velocity
or displacement information of the odometer to correct
the positioning results of the inertial navigation system.
However, the combined positioning system has a large
amount of data, slow computation speed, and high cost,
which is not applicable to the coal mining face.

In summary, although the underground coal mine posi-
tioning technology is improving, most of it is still limited by
factors such as cost and positioning accuracy. The ultra-wide-
band (UWB), as an emerging positioning technology, has the
advantages of good reliability and high accuracy compared to
the other positioning technologies. Chehri et al. [11] conducted
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FIGURE 1: Number of accidents of all types in coal mines as a pro-
portion of the total number of accidents.
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a feasibility study on underground UWB positioning, solved
the initial coordinates of the target node using the least-squares
method, used an iterative algorithm to find the target node’s
position coordinates, and verified the method through simula-
tion and experiments. Yazhou et al. [12] proposed the use of
multiple sensors for data acquisition for the underground envi-
ronment, designed the fusion mechanism, and proposed a reli-
able classification method based on random forest so that the
positioning system could adapt to a variety of harsh tunnel
environments in the underground. The simulation results
show that the average positioning accuracy of this positioning
method is 0.75m. Chung and Ha [13] introduced an UWB
positioning system based on the coal mine underground, pro-
posed a mine personnel localization scheme based on the (time
of arrival) TOAmodel, and verified the rationality and feasibil-
ity of the scheme through simulation experiments.

This study introduces a mine-pressure-monitoring-oriented
working-face footage automatic-acquisition system, selecting the
SDS-TWR ranging algorithm and three-side positioning algo-
rithm suitable for the underground environment of coal mines
to obtain the working-face footage information and, at the
same time, combine with mining pressure sensors to monitor
the pressure of the hydraulic stent of the synthesizedmining face
to realize the dynamic monitoring of the working face, as well as
plotting the distribution matrix of the stent resistance at the
working face to monitor the location of the local incoming pres-
sure and calculate the incoming pressure step distance.

2. Overview of Relevant Theories

2.1. Introduction to the UWB Technology. The UWB [14–16]
has the characteristic of narrowband pulsed communication
without the need for a carrier. The Federal Communications
Commission (FCC) defines UWB signaling as shown below:

fH − fL
fH þ fL

≥ 20%; ð1Þ

or

fH − fL ≥ 500 MHz; ð2Þ

where fH corresponds to the upper frequency and fL corre-
sponds to the lower frequency limit.

UWB technology is characterized by large channel capac-
ity, low-average transmission frequency, strong multipath res-
olution, strong penetration, and strong anti-interference ability.
Based on these characteristics, UWB technology has more
obvious advantages than the other wireless positioning tech-
nologies when facing complex environments such as rough
tunnel walls, narrow tunnels, and electromechanical equip-
ment in underground coal mines. In addition, the accuracy
of the UWB positioning technology can reach the centimeter
level, which meets the design requirements and improves the
accuracy of data, thus providing more reliable data support for
mine pressure monitoring.

2.2. UWB Localization Methods. Existing positioning algo-
rithms more widely use a distance-based positioning method;
in the distance-based positioning method, using a plurality of
fixed-base station nodes for positioning, the base station loca-
tion coordinates are known. In the positioning process, we first
measure the distance between the base station and the tag, set the
tag coordinates as an unknown solution, and then, with the base
station coordinates of the system of simultaneous equations,
solve the system of equations that can be derived from the
coordinates of the tag. Specific localization methods include
the AOA (angle of arrival) localization method, the time differ-
ence of arrival (TDOA) localizationmethod, and the TOA local-
ization method.

The AOA positioning method [17] is performed by mea-
suring the direction of the signal emitted by the signal source
or the angle of arrival to achieve positioning; in the com-
monly used indoor positioning system, it is necessary for two
location coordinates of the known positioning base station to
be received from the positioning tags of the wireless signals,
respectively, in order to measure the relative angle between
the positioning base station and the wireless signal. Accord-
ing to the angle of the received UWB signal for the intersec-
tion, the positioning base station can be used to determine
the location of positioning tags.

The TDOA localization method [18] utilizes the UWB
signal arrival time difference for localization. The distance
difference can be obtained according to the time difference
multiplied by the propagation speed of the UWB signal in
the air. Then, the hyperbolic equation can be constructed
according to the distance difference. The specific realization
process is as follows: first, a reference base station is selected,
and the other base stations become subbase stations. Then,
the subbase station and the reference base station are used as
the focal point. The distance difference between the position-
ing tag and the two base stations is the distance difference
between any point on the hyperbola and the focal point, from
which hyperbolic equations can be established. The hyper-
bolas must intersect at one point, and the intersection point
is the position coordinates of the positioning tag.

The TOA [19] is based on the known speed of propaga-
tion of the signal and the signal from the launch point to the
reception point to receive the time required to achieve the
distance measurement method. The TOA is realized as fol-
lows. First, the signal-transmitting device transmits a signal
containing the signal-transmitting moment t1; then, after the
signal-receiving device receives the signal, according to the
current clock of the signal-receiving device, the signal arrival
moment t2 is recorded, the signal arrival moment t2 is used
to subtract the signal sending moment t1, and the signal
transmission time is obtained. The distance d between
the signal-transmitting device and the receiving device is
obtained according to Equation (3) as follows:

d ¼ c × t2 − t1ð Þ; ð3Þ

where c is the propagation speed of electromagnetic waves in
air in the general case, c¼ 3:0× 108m=s.
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The underground coal mine tunnel structure is complex,
and the space is closed; the temperature, humidity, dust, and
the medium of the tunnel will interfere with and affect the
accuracy of underground positioning. In addition, the under-
ground tunnel is surrounded by coal or rocky soil, the wall of
the tunnel is very rough, and there are all kinds of commu-
nication and other equipment hanging above it. The air
inside the tunnel contains gases such as carbon monoxide,
gas, etc., plus the movement of people and objects, etc.,
which will affect the propagation of the UWB signals under
such special conditions. The information collected by the
receiving end of the signals is in error and ultimately affects
the positioning accuracy. There are three main reasons for
the errors:

(1) Synchronization delay differences [20, 21]: As the
equipment clocks of the transmitting and receiving
equipment cannot be highly synchronized, there is a
synchronization delay in the ranging process. The
synchronization delay is within 10, and the error
can be up to 3,000m, which can not meet the
requirements of accurate positioning in underground
coal mines.

(2) Timing errors [22, 23]: The clock pulses of the trans-
mitting and receiving devices are based on the crystal
originals within the devices, which have varying
degrees of accuracy, resulting in different frequency
offsets between different devices.

(3) Not line of sight (NLOS) transmission errors
[24, 25]: Assuming that the ideal clock frequency of
the crystal element is f and the frequency shift of the
crystal element is Δf , the timing error in the T time
period is as follows:

Δt ¼ Δf
f
T: ð4Þ

Let the timer inherent error factor e be as follows:

e¼ Δf
f
: ð5Þ

The timing error is as follows:

Δt ¼ eT: ð6Þ

Referring to the IEEE 802.15.4a protocol, the clock fre-
quency offset tolerance of the device is. Under the set con-
ditions, the error caused by the timer frequency offset is
more than 150m, and the ranging error is large.

According to the above introduction of positioning meth-
ods, it can be seen that the AOA positioning method is not
strong in its anti-interference ability in the NLOS environ-
ment and is unsuitable for bending, branching, and tilting the
roadway in underground coal mines. The TDOA positioning

method needs clock synchronization between base stations,
and the positioning accuracy is affected by the timing error of
the base station. The roadway in underground coal mines is as
short as a few dozen meters and as long as several hundred
meters; the time of transmission is extended, and it is difficult
to realize the synchronization between the base stations.
Therefore, TDOA is not suitable to be used for the positioning
of the working face of comprehensive mining, and the TOA
positioning method is less affected by the environment and
does not require clock synchronization between base stations,
which reduces the impact of the delayed difference in syn-
chronization and NLOS error on the positioning accuracy;
therefore, this study chose the TOA positioning method for
determining the positioning of the working face.

3. Design and Realization of an Automatic
Acquisition System for Mine Pressure
Monitoring in Coal Mine Working-
Face Footage

As the application of location-based services in the industrial
field becomes more and more widespread, its importance in
the underground coal mine, where the environment is com-
plex and changeable, is also becoming more and more prom-
inent. High-precision working-face localization not only
helps to collect feed information but can also be combined
with the mine pressure monitoring system, which plays a
crucial role in guaranteeing the safe production of coal
mines. This study comprehensively utilizes UWB, Ethernet,
and sensor technology to design a coal mine working-face
feed automatic-acquisition system oriented to mine pressure
monitoring.

3.1. Overall System Design. The structure of this system is
mainly divided into three layers, as shown in Figure 2. The
first layer is the data acquisition layer, which consists of a
mine pressure monitoring sensor, positioning base station,
and positioning tag. First, the UWB tag communicates with
the base station to complete the real-time range; the mine
pressure monitoring sensor completes the function of col-
lecting the stent resistance data and then sends the data to
the second layer. The second layer, the data transmission
layer, mainly composed of switches, is responsible for
quickly uploading the positioning information and mine
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monitoring sensor
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UWB positioning data
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FIGURE 2: Three-story structure plan.
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pressure data collected in the first layer to the host computer
via Ethernet. The third layer is the positioning coordinate
analysis and mine pressure data analysis layer, which consists
of the coordinate analysis host computer that analyzes and
calculates the range information and mine pressure data and
draws the “dynamic schematic diagram of the working face”
and the “matrix diagram of the distribution of the resistance
of the working-face support.”

3.2. Calculation Method of Working-Face Footage. This study
selects the non-time-synchronized TWR (two-way ranging)
ranging method based on the TOA localization method to
realize the distance measurement between the base station
and the tag. According to the TOA localization method
introduced in the previous section, it is known that the
essence of UWB ranging is to measure the time of flight of
the beacon frame between the tag and the base station. The
error caused by clock drift is unavoidable in non-time-
synchronized positioning systems. At the same time, the
SDS-TWR (symmetric double-sided two-way ranging) rang-
ing method used in this study can sufficiently reduce the
ranging error caused by the clock drift. The principle of
this ranging method is shown in Figure 3. The SDS-TWR
ranging method can be used to measure the distance between
the tag and the base station, which can be used in the follow-
ing way.

The whole range process consists of three communica-
tions between the base station and the tags; the first com-
munication is the switching starts timing when tag A sends
a POLL packet to base station B. When base station B

receives the packet, the timer stops timing, and the flight
time between the tag and the base station is ttof ; the second
communication is with a delay of treplyB, base station B
sends an acknowledgment RESPONSE packet to tag A
[26], the time between sending a packet and receiving it
at base station A is troundA; the third communication is
after treplyA time to reply an answer FINAL packet to
the base station B. The time from the transmission of
the packet to the receipt of the answer packet by the
base station B is troundB.

The SDS-TWR localization process is shown in Figure 4.
Then, according to Figure 3, there is:

troundA ¼ 2ttof þ treplyB; ð7Þ

troundB ¼ 2ttof þ treplyA: ð8Þ

From the collation of Equations (7) and (8), the ranging
equation of SDS-TWR is given as follows:

ttof ¼
1
4

troundA − treplyA þ troundB − treplyB
À Á

: ð9Þ

Clock drift is expressed as follows:

bt roundA ¼ 1þ eað ÞtroundA; ð10Þ

bt roundB ¼ 1þ ebð ÞtroundB; ð11Þ

bt replyA ¼ 1þ eað ÞtreplyA; ð12Þ

bt replyB ¼ 1þ ebð ÞtreplyB: ð13Þ

From Equations (10)–(13) the estimates are as follows:

bt tof ¼ 1
4
bt roundA −bt replyA þbt roundB −bt replyBÀ Á

¼ 1
4

1þ eað ÞtroundA − 1þ eað ÞtreplyA
À

þ 1þ ebð ÞtroundB − 1þ ebð ÞtreplyB
Á
:

ð14Þ

According to Equations (9) and (14), the error can be
obtained as follows:

bt tof − ttof ¼
1
4

troundA − treplyA
À Á

ea þ troundB − treplyB
À Á

eb
À Á

:

ð15Þ

Substituting Equations (7) and (8) into Equation (15)
shows:

bt tof − ttof ¼
1
2
ttof ea þ ebð Þ þ 1

4
ea − ebð Þ treplyB − treplyA

À Á
:

ð16Þ

ttof
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troundB
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treplyA
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Base station BTag A

RESPONSE
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POLL

FIGURE 3: Symmetric double-sided two-way ranging.

Journal of Sensors 5



From Equation (16), it follows that when treplyB and treplyA
are equal, the timing error bt tof − ttof minimum ensures the
system’s positioning accuracy.

The step after obtaining the distance between the tag and
the base station is to solve the tag position, and one of the
more commonly used methods for calculating the coordi-
nates of the tag position is the three-sided localization algo-
rithm [27]; the basic principle is assuming that the tag
position is ðx; yÞ :, as shown in Figure 5; the respective base
station distance from the tag is a radius, drawing three

circles, three base stations measured, and TN distance are
d1; d2, and d3, respectively, and the intersection location is
the location of the tag TN.

The following system of equations is created by solving
for the positional coordinates of the tag, i.e., the position
of the work surface, using the least-squares method is as
follows:

x1 − xð Þ2 þ y1 − yð Þ2 ¼ d21
x2 − xð Þ2 þ y2 − yð Þ2 ¼ d22

⋮
xn − xð Þ2 þ yn − yð Þ2 ¼ d2n

8>>>><>>>>: : ð17Þ

Expanding the system of equations and organizing it
gives:

x2 þ y2 þ x21 þ y21 − 2xx1 − 2yy1 ¼ d21
x2 þ y2 þ x22 þ y22 − 2xx2 − 2yy2 ¼ d22

⋮
x2 þ y2 þ x2n þ y2n − 2xxn − 2yyn ¼ d2n

8>>>><>>>>: : ð18Þ

The above Equation (18) is obtained by using the first
equation in the equation and subtracting it sequentially from
the last equation in the equation:

x21 − x2n − 2x x1 − xnð Þ − y21 − y2n − 2y y1 − ynð Þ ¼ d21 − d2n

x22 − x2n − 2x x2 − xnð Þ − y22 − y2n − 2y y2 − ynð Þ ¼ d22 − d2n

⋮
x2n−1 − x2n − 2x xn−1 − xnð Þ − y2n−1 − y2n − 2y yn−1 − ynð Þ ¼ d2n−1 − d2n

8>>>><>>>>: :

ð19Þ

Tag A sends a POLL packet to base station B

Base station B receives POLL packet

Base station B sends an
acknowledgment RESPONSE packet to tag A

Tag A receives RESPONSE packet

Tag A sends an
acknowledgment FINAL packet to base

station B

Base station B receives FINAL packet

Base station B calculates the time to send and
receive packets

Base station B measures the distance to tag A
and uploads it

FIGURE 4: SDS-TWR localization process.

AN1 AN2

TN

AN3

d1 d2

d3

FIGURE 5: Three-side positioning method.

6 Journal of Sensors



The position coordinate TNðx; yÞ : is calculated using the
principle of least squares, viz:

X ¼ ATAð Þ−1ATb; ð20Þ

where

A¼ −2

x1 − xn

x2 − xn

⋮
xn−1 − xn

y1 − yn

y2 − yn

⋮
yn−1 − yn

266664
377775;

b¼

d1 − dn þ xn2 þ yn2 − x12 − y12

d2 − dn þ xn2 þ yn2 − x22 − y22

⋮
dn−1 − dn þ xn2 þ yn2 − xn−12 − yn−12

266664
377775; X ¼ x

y

" #
 :

ð21Þ

According to the SDS-TWR ranging method and the
three-sided positioning algorithm, the coordinates of the
working surface position can be calculated. With reference
to the CGCS2000 geodetic coordinate system, the positions
of the base station, tag, and open-cut eye are mapped in the
geodetic coordinate system, which is expressed in longitude
L, latitude B, and elevation H. The coordinate origin of the
CGCS2000 coordinate system is the center of the mass of the
earth, the Z-axis points to the CTP as defined by the Inter-
national Bureau of Time in 1984, and the X-axis is the start-
ing meridian plane and the equatorial plane that passes
through the origin and is orthogonal to the Z-axis, which
constitutes a right-handed geocentric coordinate system. The
geodetic coordinate system is not convenient for calculating
the working-face footage, so two-dimensional coordinates in
space are chosen.

The geodetic coordinates of the base station are known
ðL;B;HÞ:, then the spatial 2D coordinates of the tag are cal-
culated according to the following equation ðx; yÞ ::

x ¼ N þ Hð ÞcosB cosL
y ¼ N þ Hð ÞcosB sinL

(
; ð22Þ

N ¼ affiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − e2sin2B

p ; ð23Þ

e2 ¼ a2 − b2

a2
; ð24Þ

where N is the radius of curvature of the Uyghur circle; e2 is
the earth’s first eccentricity, a is the earth’s long semi-axis;
and b is the earth’s short semi-axis.

In the comprehensive mining face, the coal miner
advances along the direction of the roadway and periodically
feeds the knife, so the working face is in dynamic change. As
the working face advances, the previous area becomes an
open area. When the UWB positioning system is used to

locate the working face, UWB base stations and tags are
installed in the working-face end supports and working-
face tunnels, and the average footage is calculated based on
the end supports’ left and right footage data.

Since the coordinates of the location of the open-cut eye
are known,

Workface feed¼ xworking surface location − xworking face opening position
�� ��

 :

ð25Þ

3.3. System Hardware Design. The overall framework of the
hardware of the automatic acquisition system of coal mine
working-face advancement designed in this study for mine
pressure monitoring is shown in Figure 6.

The hardware circuit includes four main parts, which are
the main controller circuit, power supply circuit, DW1000
module circuit, and mine pressure monitoring circuit, and
the functions of each part are as follows:

(1) Power supply circuit: It is mainly responsible for
converting the input power supply into a stable 3.3
V DC voltage to provide a stable and reliable power
input for the main controller;

(2) DW1000 module: It is mainly responsible for the
communication between modules, recording the
timestamp of data frames, and realizing the ranging
function. The DW1000 module consists of an SPI
bus communicating with the host controller, digital
transceiver, analog transmitter, analog receiver, PLL
clock, power management, and state controller. The
host interface receives the data frame from the exter-
nal SPI interface, which is processed by the digital
transceiver and converted to an analog signal by the
analog transmitter, and sends the data through the
antenna; during the reception process, the antenna
converts the received data by the analog receiver to a
digital signal and sends the data to the host interface
through the processing of digital transceiver and
sends the data through the SPI interface after encap-
sulation, the encapsulated data frame is sent by SPI
interface with timestamp data, from which the dis-
tance value measured by the module is calculated;

DW1000

STM23 Ethernet

Mine pressure
monitoring

Po
w

er
 m

od
ul

e

FIGURE 6: The overall framework of the hardware circuit.
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(3) Main control module:Mainly responsible for obtaining
the information of the DW1000 module, calculating
the range value, and uploading the range information
to the host computer. The system designed in this study
uses an STM23F103 chip as the main controller,
which is a high-performance 32-bit processor based
on Cortex-M3 core design to meet the system design
requirements;

(4) Mine pressuremonitoringmodule: It ismainly respon-
sible for the monitoring of hydraulic support resis-
tance. The pressure sensor of this system is a
piezoresistive pressure transmitter, using a monocrys-
talline silicon chip as the elastic element; monocrystal-
line silicon material in the role of the force, the
resistivity changes, through the measurement circuit,
can be obtained proportional to the change in the force
of the electrical signal output, and then obtain the
hydraulic stent resistance data of the synthesized min-
ing face.

3.4. System Software Design. The software design of this sys-
tem mainly includes two parts: the embedded software and
the host computer software. The embedded software mainly
realizes the distance measurement between the base station
and the positioning tag and the acquisition of mine pressure
data and uploads the distance measurement data and the
mine pressure data to the host computer. In contrast, the
host computer mainly realizes the drawing of the “work-
ing-face advance” and the “matrix of working-face support
resistance distribution.”

3.4.1. Embedded Software Design. The embedded software
design includes the design of the base station, the positioning
tag, and the mine pressure monitoring module, which will be
introduced one by one next.

The workflow of the base station is shown in Figure 7.
First, the base station initializes each part and performs a
power-on self-test, and after successful initialization, it car-
ries out register configuration and sets DW1000 to receive
mode. After successfully receiving the POLL message, con-
figure the RESPONSE message, broadcast the RESPONSE
packet after a delay, and switch to receive mode, waiting to
receive the FINAL from the positioning tag. After receiving
the FINAL, the distance between the base station and the
positioning tag is calculated according to the SDS-TWR
ranging algorithm and uploaded to the supremacy computer,
and a ranging cycle ends.

3.4.2. Tag Software Design. The workflow of the tag is shown
in Figure 8. As with the base station, the tag starts by initializing
and powering up the parts for self-testing. After successful
initialization of the tag, DW1000 is configured to transmit
mode, broadcasting POLL packets, switching to receive mode
after transmission, and then receiving RESPONSE packets
from the base station, switching to transmit mode again,
broadcasting FINAL packets, and then the end of a ranging
cycle.

3.4.3. Mine Pressure Monitoring Module Software Design.
The software workflow of the mine pressure monitoring
module is shown in Figure 9, where the initialization opera-
tion of the module is carried out first, followed by A/D con-
version, and finally, the data are uploaded to the host
computer through serial communication.

3.5. Host Computer Software Design. The host computer
software flow is shown in Figure 10. The host computer first
receives the range information from each base station and
the mine pressure data collected by the mine pressure sensor;

Start

Configure RESPONSE data
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Receive FINAL package

Calculated distance

Upload to the host computer

End

Y

N

Device initialization

Self–check

Whether the
initialization was
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Configuration register
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FIGURE 7: UWB base station workflow.

Start

Device initialization

Self–check

Whether the
initialization was
successful or not

Start distance measurement

Configuration register

Broadcast POLL package

Receive a RESPONSE signal

Broadcast FINAL packet

End

N

Y

FIGURE 8: Tag workflow.

8 Journal of Sensors



then, it solves the position of the positioning tag according to
the positioning algorithm introduced in the previous section
and then calculates the working-face footage by combining
with the coordinates of the open cutting eye of the working-
face. Finally, the footage data and mine pressure data
are visualized and displayed to realize coal mine safety
monitoring.

The system functions mainly include information man-
agement, working-face dynamic schematic interface and
interface of the working-face stent resistance distribution
matrix. The information management function realizes the
new creation, viewing, modification, and deletion of work-
face information as well as the import of fault information.
Using UWB technology to locate the working face, combined
with the known mine coordinates to calculate the working-
face footage, and provide positional coordinates for the
subsequent analysis of mine pressure data. Plotting the
working-face stent resistance distributionmatrix in themined
area, automatically displaying the areas out of the threshold
range in the matrix diagram, and determining the distance
between the resistance anomaly areas to provide reference
values for the roof movement.

Figure 11 shows the user’s new working-face interface.
User can create a new work surface in the main interface,
after inputting the working-face information, clicking the
“save” button will add a new working face to the database,
and clicking the “reset” button will clear all the information
in the interface text box.

Figure 12 shows the working-face dynamic schematic
interface. The interface includes the overview of the working
face, fault information, and the distance of the current work-
ing face to the fault. Faults are rupture zones of geological
structures, and their existence may lead to deformation and

rupture of coal seams and surrounding rocks, increasing the
possibility of mine accidents. This system can import known
fault information into the system in the form of a database,
monitor the distance between the working face and the fault
in real time, and take appropriate measures to prevent and
control fault-related geologic hazards in order to ensure the
safe operation of coal mining.

Figure 13 shows the matrix of working-face support
resistance distribution. At the top of the interface are the
start of working-face footage, the end of working-face foot-
age, the start sensor number, and the end sensor number,
and the matrix square represents the value of the support
work resistance of a measurement point at a location. The
safety valve opening pressure value determines the color
change of the matrix color block, the first digging coefficient,
and the second digging coefficient set by the user on the right
side of the interface. If the resistance value of the current
position is greater than the product of the safety valve open-
ing pressure value and the primary excavation coefficient, the
color of the square is red; if the resistance value of the current
position is greater than the product of the safety valve
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Device initialization
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Upload to the host computer

End

FIGURE 9: Mine pressure monitoring workflow.
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opening pressure value and the secondary excavation coeffi-
cient, the color of the square is yellow; the others are green.

Assuming that at time t1, the average working face foot-
age is s1, and at time t2, the average working face footage is s2,
and the number of pixels in the horizontal direction of the
plotting area is N , the scale of the matrix map is calculated by
the formula as follows:

sc¼ s2 − s1
N

: ð26Þ

From Equation 26, the actual distance can be calculated if
the number of pixels between two points is measured. For the
working face with inconspicuous incoming pressure charac-
teristics, the distance between the abnormal areas of resis-
tance is calculated and determined as the reference value of
the roof movement parameters by drawing the distribution
matrix of the bracing resistance along the advancing direc-
tion of the working face, setting the excavation coefficient,
and automatically highlighting the part that exceeds the
threshold value in the graph.

4. Engineering Applications

This system is applied to the comprehensive mining face of
DongrongNo. 2Mine to test the UWB-based automatic acqui-
sition system for the working face and verify the applicability
and practicality of the system. The system arranges the ground
server, the UWB ranging base station, the UWB ranging tags,
and mine pressure sensors to monitor the working-face
advancement and the resistance of the working-face support.

4.1. Overview of the Working Face. The average strike length
of the three faces of the 17th layer under the second south is
about 286.2m, the inclination length is 190.3m, and the area
is 54,463.9m2. The face is located in the lower mining area of
South 2, with F65 positive fault in the north, F72 positive
fault in the south, unexcavated area above the lower material
channel of the second side of the 17th floor in the east, 17th
floor −800 in the west, unexcavated area below the contour
line, the upper part of the 16th floor three sides of the mining
area, with a spacing of about 18m, and the lower part of the
18th floor one side of the unexcavated area with a spacing of
about 15m.

4.2. Monitoring of Working-Face Progress. The deployment
of nodes requires consideration of some of the following
factors, as the complex and changing geographic environ-
ment of the underground can affect the quality of signal
transmission downhole:

(1) Roughness of the roadway: The rougher it is, the
smaller the distance between base stations should be.

(2) Degree of inclination of the roadway: Appropriately
reduce the spacing or add redundant nodes where
the inclination is high.

(3) Roadway length: For shorter roadway, fixed base sta-
tions are used, and for longer roadway, removal-
migration deployment of the base stations is used.

The underground roadway is roughly strip-shaped, con-
sidering the above factors, the deployment of UWB position-
ing base stations should be visually visible. The spacing of
base stations along the length of the roadway is adjusted
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accordingly to the actual underground environment, and the
spacing between base stations is generally 50–200m.

In order to verify the applicability and positioning accu-
racy of the system, the data from March 1, 2023 to March 5,
2023, were selected for analysis. The working-face advance
direction was used as the reference to monitor the working-
face advance data, and the data table of the working-face
advance is shown in Table 1 after the coal miner finished
one cut.

The error curve between the test value and the actual
value is shown in Figure 14. If the actual value is less than

the test value, the error is negative and if the actual value is
greater than the test value, the error is positive.

As shown in Figure 14, the positioning error of the sys-
tem is less than 30 cm because of the influence of the curva-
ture and inclination of the tunnel in the coal mine and the
electromechanical equipment and personnel in the tunnel,
etc., which makes the radio signals unable to propagate the
LOS (line of sight) directly, and instead propagate the NLOS
(not line of sight) through reflections, etc., which generates
the NLOS time delay, and thus leads to the measurement
error. This error can meet the demand for accurate

TABLE 1: Table of working-face progression.

Name of working face Time Footage test values (m) Actual value of footage (m) Error (m)

1703 2023-3-1 07:35 46.2 46.2 0.0
1703 2023-3-1 16:32 47.1 47.0 0.1
1703 2023-3-1 18:03 48.0 47.7 0.3
1703 2023-3-1 19:44 48.8 48.5 0.3
1703 2023-3-1 22:25 49.5 49.3 0.2
1703 2023-3-2 02:06 50.4 50.1 0.3
1703 2023-3-2 03:11 51.1 50.8 0.3
1703 2023-3-2 04:36 51.8 51.6 0.2
1703 2023-3-2 05:52 52.5 52.4 0.1
1703 2023-3-2 06:18 53.2 53.2 0.0
1703 2023-3-2 16:50 54.0 54.0 0.0
1703 2023-3-2 18:16 54.6 54.8 0.2
1703 2023-3-2 18:51 55.4 55.3 0.1
1703 2023-3-2 20:06 56.5 56.7 0.2
1703 2023-3-2 23:36 57.3 57.3 0.0
1703 2023-3-3 01:23 58.5 58.3 0.2
1703 2023-3-3 02:27 59.2 59.1 0.1
1703 2023-3-3 03:58 60.1 60.1 0.0
1703 2023-3-3 05:47 60.9 60.9 0.0
1703 2023-3-3 07:21 61.5 61.6 0.1
1703 2023-3-3 14:49 62.3 62.4 0.1
1703 2023-3-3 16:20 63.0 63.1 0.1
1703 2023-3-3 19:45 63.7 63.6 0.1
1703 2023-3-3 20:56 64.5 64.7 0.2
1703 2023-3-4 03:19 65.2 65.2 0.0
1703 2023-3-4 05:51 66.1 66.2 0.1
1703 2023-3-4 07:23 66.6 66.6 0.0
1703 2023-3-4 08:28 67.4 67.2 0.2
1703 2023-3-4 13:46 68.2 68.0 0.2
1703 2023-3-4 16:18 68.9 69.1 0.2
1703 2023-3-4 20:27 69.7 69.8 0.1
1703 2023-3-4 23:02 70.4 70.5 0.1
1703 2023-3-5 02:37 71.2 71.2 0.0
1703 2023-3-5 06:47 71.8 71.5 0.3
1703 2023-3-5 09:38 72.5 72.7 0.2
1703 2023-3-5 11:09 73.8 73.9 0.1
1703 2023-3-5 16:53 74.6 74.6 0.0
1703 2023-3-5 19:22 75.3 75.3 0.0
1703 2023-3-5 22:17 75.8 75.7 0.1
1703 2023-3-5 23:26 76.6 76.5 0.1
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positioning in the underground environment of a coal mine,
so the measurement method of the UWB-based automatic
acquisition system of working-face footage is effective and
provides a sound data basis for the analysis of mine pressure
in the later stage.

5. Conclusion and Next Steps

5.1. Conclusion. This study describes the automatic acquisi-
tion system of coal mine working-face advancement for mine
pressure monitoring. It carries out the corresponding system
structure design according to the special characteristics of the
electromagnetic environment underground, thus realizing
the dynamic sensing of the working-face position. It solves
the problem of the traditional mine pressure monitoring
information only consisting of bracket resistance and moni-
toring time but not the location of measurement points and
issues with parameters, such as the fact that the “roof pres-
sure step” can only be measured manually. The construction
of a mine pressure dynamic monitoring system in the work-
ing face realizes the digitalization and networking of mine
pressure monitoring in the roadway of the coal mine work-
ing face and meets the requirements of safe production and
automatic mine pressure observation in the coal mine work-
ing face.

5.2. Next Steps

(1) Using machine learning and deep learning methods,
we analyze the mine pressure data, establish a mine
pressure manifestation prediction model, and form
an intelligent working-face mine pressure prediction
system;

(2) At the same time, combined with the needs of coal
mine safety production, we designed the coal mine
safety early warning monitoring platform system,
including coal mine underground gas monitoring,
microseismic monitoring [28], and fault early

warning monitoring, and integrate the working-face
footage collection and mine pressure monitoring into
the coal mine safety early warning monitoring plat-
form system to realize data integration.
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