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Abstract. According to the characteristics of the geological environment and disasters, this paper uses
microelectronics, wireless communication, thin-film solar power supply and other technologies, combined
with lightweight process design, a new scheme for rapid geological disaster monitoring system based on
LoRa is proposed. The system is based on embedded microprocessor of STM32F103 and SX1278 module
of LoRa, which uses self-organizing network design of star-type and constructs a monitoring system with
long communication distance and stable and reliable data transmission. The system can realize real-time
data collection of multiple monitoring parameters of the disaster body and transmit the monitoring data to
the data center or dedicated data receiving terminal through LoRa/GPRS/BeiDou satellite, which can
provide data support for expert analysis and decision-making. The system has the features of low power
consumption, long transmission distance, ad hoc network, stable and reliable communication, which has
wide application prospect in the field of geological disaster monitoring.

1 Introduction
Geological disaster is natural disaster caused by
geological dynamic activities or abnormal changes in
geological environment. Geological disasters will cause
huge losses to human life and property. The most
common geological disasters include collapse, landslide
and debris flow, etc. The monitoring methods for the
above types of geological disasters mainly include
monitoring methods such as rainfall monitoring, surface
crack displacement monitoring, and water content
monitoring. At present, there is a lack of means for rapid
monitoring of geological disasters, especially the rapid
monitoring systems for geological disasters that can be
deployed on-site before or after disasters.
At this stage, the conventional deployment method of
geological disaster monitoring is to install and deploy
relevant geological disaster monitoring and early
warning instruments at the hidden points of geological
disasters. Geological disaster monitoring and early
warning instruments are mainly composed of data
acquisition system, transmission system, power supply
system and protection system.
Currently, the shortcomings of this type of
conventional geological disaster monitoring and early
warning instrument are that the instrument has large
weight, large volume, high installation and transportation
cost, long time to obtain disaster body monitoring data,
and can’t be replaced in a short time, that has brought
many inconveniences to geological disaster monitoring.
Therefore, it is urgent to develop a geological disaster
monitoring system that can be easily carried, quickly
deployed, and quickly acquire data.
*

The development of the geological disaster rapid
monitoring system and the application of related
technologies can meet the monitoring requirements of
hidden geological hazards and critical geological
disasters. Its design features of light and easy to carry,
easy to use, fast deployment, complete functions, and
reliable performance are accordance with the
requirements of rapid disaster monitoring.
Once the geological disaster occurred, monitoring
personnel can carry the rapid monitoring system to enter
the site according to the results of the rapid survey.
Furthermore, the equipment was installed and evacuated,
that the collected data was transmitted to the monitoring
center in real-time through the data link of the BeiDou
and GPRS communications, which can be provided to
the leaders and experts for decision analysis. The rapid
geological
disaster
monitoring
system
can
simultaneously collect monitoring parameters such as
disaster point rainfall, surface crack displacement, and
video monitoring.
For the sudden geological disasters, rapid monitoring
sensors can be realized rapid deployment and rapid
monitoring, which need to be improved so that the
sensor functional structures can be flexibly layout during
the disaster phase and the corresponding monitoring
parameters can be quickly achieved. The monitoring data
can truly and effectively reflect the monitoring factors
such as rainfall, surface deformation, and status change
of the source area.
At present there are several problems in the rapid
monitoring: (1) Insufficient signal coverage, many
devices are deployed in areas with sparse population or
complex environments. The operator network covers
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blind spots or lacks signal strength, which making it
difficult to ensure stable data transmission. (2) High
power consumption, a large number of equipment
require battery power. If a cellular network is used and
frequent battery replacement is required, which is
difficult to implement in many harsh environments. (3)
Low cost effectiveness, the device transmits a small
amount of data and transmission frequency is very low,
at present, cellular networks are designed for high
bandwidth. The use of cellular networks takes up
network and code number resources, and it also
generates monthly traffic fees.
The following key problems are need to be solved in
this paper: (1) The lightweight design of the rapid
geological disaster monitoring system, which can be
achieved to improve the rapid monitoring system and
process of monitoring the sensor shell, which is more in
line with the characteristics of emergency monitoring,
achieving a compact size and complete functions. (2)
Wireless sensor design, it is need to eliminate the wired
connection scheme of the existing sensors and the
intelligent monitoring terminal for geological disaster
fast monitoring, furthermore, it is need to realize the
wireless connection between the terminal and sensor,
and realize fast access monitoring data. (3) Appearance
of the sensor process design, according to the
characteristics of the monitoring elements, the structure
of the sensor is improved to realize rapid development.

provides intelligent decision-making basis and
effectively improves the efficiency of monitoring and
early warning of geological disasters[2-4]. The diagram
of rapid monitoring system is shown in Figure 1.
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The system mainly includes front-end monitoring sensor,
RF transmission modules of LoRa, network nodes,
GPRS networks, geological disaster monitoring and
warning cloud severs[1]. The network nodes include onsite acquisition nodes, relay nodes (if necessary) and
aggregation nodes. The on-site acquisition nodes are
responsible for the collection of geological disasters
sensor data (such as rainfall, displacement, and tilt
sensor). The aggregation node is mainly responsible for
sending and receiving data of the acquisition node and
uploads the data to the geological disaster monitoring
and warning cloud server through GPRS or BeiDou.
One side, acquisition nodes collects the on-site
monitoring data accurately, stably, and reliably
according to the selection of sensor types input, on the
other side, acquisition nodes can communicate with the
aggregation node by using long distance wireless
communication of LoRa networks and transmit the data
to the cloud server through the aggregation node.
The geological disaster monitoring and warning
cloud server not only can make analysis of the on-site
data, but also can intelligently judge the status of the
connected sensors, and integrate the monitoring data
through the established data algorithm to analyze the
specific conditions and deformation trends of the
geological disaster.
The system can realize rapid deployment and fast
access to data. Furthermore, the system can be powered
on and its network architecture is simple. It not only
provides data query and management for experts, also

Displacement
sensor

Tilt sensor
Rain sensor

Fig. 1. The diagram of rapid monitoring system

3 Hardware Design of Rapid Monitoring
System
3.1 Microprocessor
STM32F103 devices use the Cortex-M3 core, with a
maximum CPU speed of 72 MHz. The portfolio covers
from 16 Kbytes to 1 Mbyte of Flash with motor control
peripherals, USB full-speed interface and CAN. It
integrates a variety of high-performance industrial
interconnect standard interfaces, which has 6-12 clock
cycles and realizes fast nested interrupts. In addition,
STM32F103 has MPU protection set access rules and
perfect compatibility and can adapt to a variety of IOT
applications.
3.2 Selection of LoRa Module
LoRa is a kind of LPWAN communication technology.
It is an ultra-long-distance wireless transmission scheme
based on spread spectrum technology, which is adopted
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and promoted by Semtech of the United States. It
effectively solves the problem that the traditional
wireless sensor network cannot have both the
transmission distance and the low power consumption.
The main technical features of LoRa are as follows:
• Strong compatibility, all applications that meet the
LoRa WAN protocol can access.
• Access is flexible, single gateway can access
dozens to tens of thousands of nodes, nodes can
randomly access the network and the number of nodes
can be extended.
• Strong concurrency, the gateway can support at
least 8 frequency points, while random 8-way data
concurrency, frequency point can be extended.
• Full-duplex communication can be achieved, with
no conflict between uplink and downlink, and strong
practical effect.
• Network topology is simple, the star network has
higher reliability and lower power consumption.
In this article we select KT-F1278 as communication
module of LoRa. KT-F1278 wireless module adopts
Semtech company SX1278 device, the device adopts the
LoRa TM frequency-hopping spread spectrum
modulation technology. Its communication distance and
receiving sensitivity are far above the FSK, GFSK
modulation, and its multiple transmission of signal
occupy the same channel and the channel is unaffected.
KT-F1278 can significantly extend the transmission
distance. It can reach 15 km in sparse environment and 3
km in densely populated areas. Therefore, there is no
need for relays and complicated communication
infrastructure in this system.

achieve real-time data acquisition, control and storage of
geological disasters on the spot.
The rain sensor is connected to the IO port of
microprocessor for data acquisition. The surface
displacement sensor accesses the ADS1256 for data
acquisition. The tilt sensor uses the RS-485 interface for
data acquisition[8-9].
3.4 Design of the convergence node
The convergence node is responsible for the wireless
network instruction issued, data reception and upload,
detection of the system and management, and other
functions.
The convergence node receives the field data
uploaded by the acquisition nodes in the area through the
LoRa wireless network, and uploads the data to the
geological disaster monitoring and warning cloud server
via the GPRS network or the BeiDou satellite network;
at the same time, it sends the acquisition and control
commands to any collection node of the LoRa network.
The schematic diagram of the convergence node
structure is shown in Figure 3.
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setting
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Interface

According to the characteristics of the geological
disaster rapid monitoring system, the acquisition node is
mainly responsible for the data collection of each
monitoring sensor at the geological disaster site[5-7].
The schematic diagram of the acquisition node structure
is shown in Figure 2.
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Fig. 3. The schematic diagram of the convergence node

structure

4 Software Design of Rapid Monitoring
System
The system software design refers to the μcos real-time
operating system, which is mainly based on the task
scheduling mechanism and can guarantee the concurrent
execution of multiple tasks.
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3.3 Design of the acquisition node
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4.1 Communication protocol design of the
application layer
The pros and cons of the protocol design directly
determine the degree of intelligence of the system. In
order to reflect the degree of intelligence of the system, a
protocol design was performed on the application layer
of the system to realize the transparent transmission of
data packet packing and parsing[9-10]. The data
transmission mode adopts the data frame mode, and the
transmission sequence is a binary byte stream.
At the same time, the CRC16 checksum algorithm is
used for data in data transmission so that the accuracy of
the data transmission is correct. During data acquisition,

Power circuit
Fig. 2. The schematic diagram of the acquisition node structure

On the one hand, the acquisition node is responsible
for the collection and control of data such as on-site
rainfall sensor, surface displacement sensor, and tile
sensor. On the other hand, it needs to respond to the
control instructions issued by the convergence nodes and
upload the collected dat a to the convergence nodes to
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the cloud sever sends protocol commands through the
convergence node and the acquisition node. After the
sensors respond, the data is returned to the acquisition
node. The acquisition node packages the data and
uploads it to the convergence node, and finally the
convergence node upload the data to the cloud sever.
The system can realize three kinds of data model:
timing acquisition, broadcast acquisition, and threshold
wake-up acquisition. Once the monitoring network is
established, a one-to-many mapping relationship can be
established between the convergence node and the
acquisition node. The acquisition node can set a unique
device number and assign a unique device address to
each acquisition node according to each SX1278 RF
module. For example, when the convergence node sends
a message with the device number 0x55AA, the
acquisition node address is the device number and it
needs to be immediately make a response.

The convergence node needs to communicate with
the LoRa wireless network and also communicate with
the GPRS public network. The flow chart of software
design is shown in Figure 5. When the convergence node
receives the data sent by the cloud server or the data
uploaded by the acquisition node, it also performs a CRC
check on the data to ensure the accuracy of the data[1415].
Start
System initialization

N

Query instruction request?
Y

N

CRC check is correct?

4.2 Software design of the acquisition node and
the convergence node

Y

The acquisition node not only can collect the data of onsite sensors, but also can upload and receive data and
commands through the LoRa network[11-13]. After the
acquisition node receives the command sent by the
convergence node, it first performs CRCl6 check on the
data to ensure the accuracy of the data, and then
performs corresponding operations according to the
frame command in the packet. After the execution, the
corresponding data information is uploaded to the
convergence node, and the software of the acquisition
node is executed. The workflow chart of software of the
acquisition node is shown in Figure 4.

Data is stored in the
database?
Y

Packaging the monitoring data
Upload monitoring data to cloud
server through GPRS or BeiDou
Fig. 5. The workflow chart of software of the convergence node

At the same time, the command in the packet
determines whether the packet is sent by the cloud server
or uploaded by the acquisition node. If the message is
delivered, the device number is used to judge whether it
is still operating on the acquisition node. If the message
is uploaded and the CRC check of the received data is
correct, it is uploaded to the geological disaster
monitoring and warning cloud server through the GPRS
network or the BeiDou satellite network. The workflow
chart of software of the convergence node is shown in
Figure 5.
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This paper applies technologies of microelectronic,
wireless communication and thin-film power technology
to geological disaster monitoring system. This system
uses low-power microprocessor, remote LoRa wireless
network and BeiDou/GPRS public network to achieve
real-time dynamic acquisition of geological disaster
monitoring data. Specific data of geological disaster can
be queried real-time in the remote data monitoring center
or dedicated data receiving terminal, which provide data
support for expert analysis and decision-making.
Through the comparison and analysis, the new design of
geological hazard monitoring system compared with the

Acquisiting sensor data
Update data format, store data,
CRC check and package data
Upload data to convergence node
through LoRa

Fig. 4. The workflow chart of software of the acquisition node
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previous monitoring system has the
characteristics, such as shown in table 1.

following
5.

Table 1. The Rapid monitoring system and Conventional
system feature comparison table
System
characteristics

Rapid monitoring
system

Conventional
sysytem

Instrument weight

Light(≈4Kg)

Heavy(≈30Kg)

Instrument volume

small

large

1 hour

4 hour

30s

1min

2G/3G/4G/LoRa/BeiDou

2G/3G

Instrument
installation time
The instrument
response time
Instrument
transmission way

6.

7.

8.

The overall design of the system, hardware and
software circuit design are introduced in detail. The
system has the technical features of low power
consumption, ad-hoc network, stable and reliable
communication, and long transmission distance. The
system completely meets the technical requirements for
data collection of geological disaster and has a wide
application prospect in the field of geological disaster
monitoring.
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