* water

Article

Remote Real-Time Monitoring System for Mine Slope Based on
Cloud Computing

Yijun Zhou 1-*{, Yanlin Li 2

check for
updates

Citation: Zhou, Y.; Li, Y.; Chen, Y.
Remote Real-Time Monitoring
System for Mine Slope Based on
Cloud Computing. Water 2022, 14,
714. https://doi.org/10.3390/
w14050714

Academic Editors: Fernando Anténio

Leal Pacheco and Francesco Fiorillo

Received: 22 December 2021
Accepted: 22 February 2022
Published: 24 February 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Yulong Chen 3

College of Civil and Architectural Engineering, North China University of Science and Technology,
Tangshan 063000, China

College of Civil and Architectural Engineering, Beijing University of Technology, Beijing 100124, China;
liyanlin955@emails.bjut.edu.cn

School of Energy and Mining Engineering, China University of Mining and Technology, Beijing 100083, China;
chenyulong@cumtb.edu.cn

*  Correspondence: zyjfcb@126.com

Abstract: A remote real-time monitoring system was developed for the remote real-time monitoring
of mine slope deformation and internal forces. The system is based on cloud-computing technology
and a 55 multimedia streaming monitoring data transmission system. It has now been applied to an
open-pit iron mine in Nanfen to monitor the horizontal displacement of potential sliding surfaces.
Compared with geometric monitoring methods in traditional geodetic surveying, the results show
that this monitoring system has higher accuracy (0.01 mm) and the ability to monitor in real time
for 24 h. These features can realize early warnings of mine slopes from multiple dimensions, and
provide a guarantee for safe, continuous and the efficient production of mines. In addition, it can
provide a certain reference for the prevention and control of mine slope disasters, and is beneficial to
the application of information-based early warning technology.

Keywords: mine slope; slope monitoring; cloud computing; 55 transmission system; real-time

monitoring system

1. Introduction

In open-pit mining, landslides are one of the typical disasters [1-4]. There are many
methods for mine slope monitoring around world. For example, surface-deformation
monitoring, underground-borehole inclinometer and stress monitoring, acoustic emission
and microseismic monitoring, groundwater monitoring and meteorological-parameter
monitoring. Geometric monitoring for slope deformation is one of the most commonly used
methods. Although the geometric monitoring methods in traditional geodetic surveying
have high accuracy, they require heavy workloads and a high cost, and it is difficult
to arrange points and sparse measuring points [5,6]. Under large-scale and complex
terrain conditions, deformation measurement is greatly restricted. It is difficult to obtain
enough essential displacement information for a large-scale open-pit mine. This makes it
impossible to provide comprehensive and accurate information to guarantee mine slope-
disaster prevention.

With the development of the internet and electronic information and communica-
tion technology, slope monitoring and warning systems have developed to a certain ex-
tent. Xuand Wu have moved from desktop PC software to a mobile APP and cloud
platform [7,8]. The monitoring and warning PC desktop software with data display and
download and warning value setting and release was developed and applied in highway,
mine, railway and slope area. Kroon and Wang successfully developed cloud platforms
and mobile apps for monitoring and warning systems of mountain landslides and highway
slopes [9,10].
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However, most of this equipment can only monitor a single item, and cannot per-
form real-time continuous monitoring [11-17]. The instability of the mine slope has the
characteristics of suddenness and uncertainty. Therefore, it is highly necessary to carry
out high-precision, large-scale and 24 h real-time monitoring for mine slope. In order to
achieve high-precision, large-scale and continuous real-time monitoring for mine slopes
under complex terrain conditions and cloud computing technology is introduced into mine
slope monitoring. Combined with 5S data transmission, the system is applied to related
projects to monitor the displacement of potential sliding surfaces [18-23]. In addition,
cloud computing technology can store and effectively analyze massive amounts of data and
provide an early warning. It also solves the problems of traditional monitoring methods
that require a lot of manpower, poor monitoring accuracy, and are unable to continuously
monitor [24-30].

In comparison with other methods of slope monitoring systems, the remote real-time
monitoring system has some advantages, which are as follows: (1) The data acquisition
module and data transmission module are integrated into the data acquisition and trans-
mission module, and considering the waterproof and insect-proof functions of the module,
the power supply unit and computer debugging serial port can be directly connected with
the data acquisition and transmission module, which is more convenient in application.
(2) There is a higher measurement accuracy of about 0.01 mm. This can make the disaster
prediction of a slope more accurate, so as to prevent the excessive deformation of the mine
slope and provide technical support for mine slope disaster prevention and control.

2. Materials and Methods
2.1. System Composition

The remote real-time monitoring system uses cloud computing and 55 data transmis-
sion to complete automated monitoring, data collection, and early warning. The monitoring
system is based on a cloud platform, which can collect and store massive amounts of data in
real time. The system is composed of five parts, namely sensors, data acquisition modules,
data transmission modules, cloud platforms, and user terminals, as shown in Figure 1.
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Figure 1. Monitoring system composition.

(1) The interface of the sensing device is flexible and can be connected to displace-
ment, deformation and force-measuring devices. It can conduct continuous or real-time
continuous collection of various monitoring items of mine slopes.

(2) The data acquisition module controls the operation of the entire system, reads the
sensor information and saves it.
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(3) The data transmission module is based on the 55 transmission system, overcoming
the drawbacks of traditional data transmission relying on a single GSM network. It is not
affected by network signal sources and can transmit data in real time.

(4) The user terminal can be installed in PCs and mobile phones. The system can grant
administrator permissions to different people, facilitating the viewing and changing of data
and parameters at any time.

2.2. Hardware System Design
2.2.1. Sensor Hardware Design
High-Precision and Large-Range Cable Displacement Sensor

The high-precision and large-range pull-wire displacement sensor is shown in Figure 2.
It is characterized by its small size, compact structure, large measuring strokes and high
accuracy (0.01 mm). The high-precision and long-range pull-wire displacement sensor can
measure the horizontal displacement of the mine slope with high precision. According to
different working conditions, the maximum range can range from one hundred millimeters
to ten meters. The relevant parameters of the sensor are shown in Table 1.

Displacement sensor

Figure 2. High-precision and large-range cable displacement sensor.

Table 1. High-precision and large-range cable displacement sensor parameter.

Voltage

Current

Output Interface Resolution Precision Maximum Range Temperature

9-24 v

01A

RS5485 0.025 mm 0.1% FS 500 mm 35-800 °C

Force Sensor

The mechanical sensor mainly uses an NPR (Negative Poisson’s ratio) anchor cable
and its supporting mechanical sensor device, as shown in Figure 3. The NPR cable has the
characteristics of high constant resistance, large deformation and energy absorption. Its
constant resistance can reach 1000 kN. The anchor cable can monitor the micro-deformation
and micro-vibration of rock and soil through structural deformation and material defor-
mation. The mechanics sensor is installed on the slope of the mine side slope, mainly
to measure the mechanics of the anchor cable. It realizes the automatic collection and
transmission function of the mechanical quantity, as shown in Figure 3. The technical
parameters of NPR anchor cable are shown in Table 2.

2.3. Acquisition Module Hardware Design

The data-acquisition module converts and stores the monitoring data according to the
control of the acquisition program and sends it to a remote monitoring computer through
the data communication network for in-depth analysis and processing. In addition, the
data-acquisition module can also receive control commands from the monitoring computer.
It sends its own working status and the working status of the sensor to the monitoring
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computer. Finally, the technical engineer provides an analysis and judgment, and promptly
eliminates the faults of the hardware equipment in the system. Through the selection of
different measurement modules, data collection from various sensors with RS485 industrial
standard interface can be realized. The acquisition module is shown in Figure 4.

Figure 3. Sensors for measuring force and deformation.

Table 2. Technical parameters of NPR cable.

Index Name Performance

Measuring range 0-1500 KN
10 V DC output: 4 pc/N

24 V DC output: Current signal 4~20 mA,
Voltage signal: 0~5 VDC

Power supply voltage and output
sensitivity accuracy

Precision +0.5% F-S, £1% F-S
Zero temperature drift <0.2% F-5/10 °C
Sensitivity drift <0.2% F-S/10 °C
Insulation resistance >100 MQ)
Operating temperature —40~150 °C
Natural frequency >55 KHz

Figure 4. Data acquisition module.

2.4. Power Supply Module Design

To meet the 24 h uninterrupted continuous monitoring of the monitoring station in
the field, a field power supply system was designed. All the electricity required by the
monitoring station comes from solar energy. The system includes three parts, i.e., solar
panels, batteries, and solar controllers, as shown in Figures 5 and 6. Solar panels are used
to harvest solar energy and convert this into electrical energy. Batteries are used to store
electricity and supply power to electrical equipment. The power controller is used to
control the input and output of the battery current, which can also protect the battery.
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Figure 5. Solar panel.

b 4,458

Figure 6. Accumulator.

2.5. Software System Design
5S5-Based Data Transmission

It is based on 55 technology, namely SMS (Short Message Service), WTS (Wireless
transmission system), GPRS (General Packet Radio Service), GPS (Global Position System),
BDS (BeiDou Navigation Satellite System), establish multiple methods (static collection,
dynamic Collection), multiple locations (surface of rock and soil, deep part of rock and
soil, supporting structure) and multimedia streaming monitoring data transmission system

(Figure 7).
Water perception ™\
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Figure 7. 5S-based data transmission flow chart.

2.6. System Integration

.

Risk data decision-making layer ]

The remote real-time monitoring system is based on .net and JAVA technology ar-
chitecture, and the system classification and authority is shown in Table 3. The design
and selection of technical routes follow the principles of openness, reliability, maturity,
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advancement, and safety. The database adopts Access and SQL together. The software
adopts structured design. It has interactive functions, data-acquisition functions, analysis
functions, uploading and early warning analysis functions. System users are divided into
four levels, which are the super administrator, station administrator, station general user,
station-browsing user. Users can query data monitoring maps and electronic maps in real
time, as shown in Figure 8. Figure 8 can demonstrates whether the latest piece of data of
the station is online. After the user clicks on the electronic map, a pop-up window will
display the latest piece of data and basic information. The alarm is sent via SMS, and the
user sets the alarm phone number by himself, and multiple phones can be set.

Table 3. System classification and authority.

Category Super Administrator Station Administrator General User of Station Station Browsing Users
. . A i 1 1 Vi 1 . . .
Authority All permissions dd, edit, delete genera tew ad.d, de gte and View designated station
users of the station modify station
10 -
84
o
E TR — A — IR V-~V TV
o
g 44 /v—wvv—v
Q
‘C_‘G v-v—v—v—vv—WW v
o
2 -]
A
04

T T T T T T 1
00:00 06:00 12:00 18:00 24:00 06:00 12:00 18:00
Time

Figure 8. Real-time data monitoring chart for 42 h.

3. Results
3.1. Main Features

(1) This system realizes the organic integration of a cloud computing platform and 55
technology. It relies on the cloud-computing processing platform to achieve a large-capacity
storage of data. It uses 55 technology to realize real-time data transmission, data processing
and early warning decision-making.

(2) The system has rich interfaces, a large range and high accuracy. It adopts a high-
precision and large-range pull-wire displacement sensor, which can record a greater number
of data and a higher measurement accuracy of 0.01 mm.

(3) The system has a diversified power supply system. It can be powered by solar power,
battery power, 220 V city power, and the power supply mode is automatically converted.

(4) Data monitoring is convenient and fast. Through computer, mobile phone and
other terminal communication, users can observe, control, and query the information of the
measuring points in real time anytime and anywhere. The early warning information can
be sent to mobile phones of multiple people to realize the barrier-free real-time control of
the monitoring information by the main person in charge of the project. The surface of the
slope is mainly composed of Quaternary rock groups. The rock composition is dominated
by chlorite schist and hornblende chlorite schist.



Water 2022, 14, 714

7 of 10

3.2. Engineering Applications
3.2.1. Topography and Lithology

The Nanfen Open-pit Iron Mine is located on the platform of North China. The
mining area belongs to the east-west eroded mid-mountain landform, the main structure is
monoclinic, and the rock mass is mainly metamorphic. The average mountain height is
520-610 m, and the relative average height is 300400 m. The joint inclination is 294°, the
inclination angle is 30-60°. It intersects with the slope direction at a small angle. The entire
slope belongs to the bedding stone slope (Figure 9).

Gravel belt

.....

Elevation
g

Chlorite amphibolite

LR RN AT AL RN ARREARRARLIN

o EELLLLEL PP RO LRI DI
0.00 0.05 010 D15 0.20 0.25 0.30 0.35 0,40 0.45 0.50 0.55 (.60 D.68 0.70 0.75 0.80 0.85 0.00 0.95 1.00 1.0 1.1

Distance (x 1000)

Figure 9. Slope geological model.
3.2.2. Slope Horizontal Displacement Monitoring

Due to the considerable height difference of the slope and the large inclination angle,
the slope may have a potential sliding surface. Therefore, it is necessary to monitor the
horizontal displacement of the slope surface in real time. Seven measuring points in a
representative area were selected for monitoring, and the on-site measuring point layout is
shown in Figure 10. The sensor and measuring station are shown in Figure 11.

Figure 10. Layout of measuring points for slope horizontal displacement.

It can be seen from Figure 12 that the horizontal displacement measured by the total
station and the monitoring system of the No. 1 and No. 2 measuring points gradually
increased with the passing of time. The final measurement value of the total station at
measuring point 1 is 6 mm, while the final measurement value of the monitoring system
at measuring point 1 is 521 mm. The final measurement value of the total station at
measuring point 2 is 5 mm, while the final measurement value of the monitoring system at
measuring point 2 is 4.51 mm. It can be seen from Figure 13 that the horizontal displacement
monitoring value of the 1#-7# monitoring system is from 4.38 mm to 5.76 mm. The
results show that the horizontal displacement measurement results of the remote real-time
monitoring system are highly reliable.



Water 2022, 14,714 8 of 10

Figure 11. Pull-wire displacement sensor and station.

—#— Total station measurement
77 —— Monitoring system measures

—&— Total station measurement
5 —— Monitoring system measures

Horizontal displacement/mm
Horizontal displacement/mm

T T T T T T T
JulyS July 10 July 15 July20 juiy2s July 30 August 5 JulyS July 10 July 15 July20 july2s July30 August5
(a) (b)

Figure 12. Time history curve comparison. (a) Time history curve of No. 1 measuring point, (b) Time
history curve of No. 2 measuring point.

8 =

—a— Total station measurement
—&— Monitoring system measures

o [ ~
1 1 1

Horizontal displacement/mm
N

3
i# é# 3I# 4‘# 5'# 6'# T
Figure 13. Comparison chart of horizontal displacement of monitoring points.

Compared with the other monitor measurement, the remote automatic monitoring
system has higher accuracy, 24 h real-time measurement, saves on labor costs, and is less
affected by objective factors. Therefore, it has a better monitoring and early warning effect
on potential landslides, so as to prevent the excessive deformation of the mine slope and
provide technical support for the mine slope disaster prevention and control.

4. Conclusions

Through experience, summary and theoretical analysis, database management and
engineering analysis software suitable for 5S data transmission technology has been de-
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veloped, and the early warning standard of slope has been determined by early warning
values and the change mode of the monitored quantity. Through software programming,
an intelligent slope warning cloud platform and APP with convenient access and high
visualization degree were developed.

The system can monitor the multi-source parameters of the slope group, such as
single-point displacement, two point relative displacement, anchor bolt tension, concrete
strain, rainfall, temperature and humidity, inclination and groundwater level, and can
automatically issue an early warning of a potential slope disasters by SMS and email.

The slope monitoring and early warning case study spanned more than two years, and
verified the effectiveness of the slope remote monitoring and early warning cloud platform
and app, revealing the slope horizontal displacement variation law and compared with the
total station measurement results. It proved the reliability of the remote monitoring and
early warning system.

In conclusion, compared with other monitoring methods, the remote slope monitoring
and warning system based on cloud computing can monitor potential landslides with high
precision, save human resources and also realized 24 h real-time monitoring.
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