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Abstract. Aiming at the shortcomings of the traditional fixed atmospheric environment monitoring system,
such as low flexibility, limited monitoring space, and the limitation of the distance of the unmanned aerial
vehicle (UAV) atmospheric environment monitoring based on the data transmission module and the limited
amount of data transmitted online, the multi-rotor UAV atmospheric environment monitoring system
transmitted by 4G network is designed, transmits the atmospheric data collected by the airborne

atmospheric detection sensors to the network cloud server through the 4G network, and realizes real-time
monitoring and analysis of atmospheric data on the data monitoring platform, combined with the transparent
cloud and cloud configuration technology. Firstly, the shortcomings of traditional ground monitoring
stations and drone monitoring methods were analyzed, and the overall design of the system is given; then,
the software and hardware design of the system were expounded in detail; finally, experiments were carried
out in in the university town of Hailing area of Taizhou city. The research results can effectively expand the
working space and methods of traditional atmospheric environment monitoring and provide new ideas and
methods for the research of environmental monitoring UAV.

1 Introduction

Air pollution has long been a global concern. The
harmful gases in the ambient air affect people's health
and the safety of some production work. Therefore, it is
of great importance and significance to master the
composition and concentration of harmful gases in the
atmosphere in real time. At present, the main means of
atmospheric monitoring are fixed monitoring on the
ground. As an emerging industry!!l, UAV technology has
been widely used in agriculture, forestry®®#, terrain

mappingP®l, electricity!”l, disaster monitoring and
environmental monitoring!®-19l,

With the rapid development of
micro-electromechanical systems (MEMS),

micro-inertial measurement unit (MIMU) and other
technologies, the atmospheric environment monitoring
technology of multi-rotor UAV has gradually been
favoured by more scholars!!'"'?l. Chen chen used UAV
technology to construct the diffusion model of
atmospheric pollution sources, so as to realize the
tracking and positioning of atmospheric pollution
sources!'3l. Chen yizhou designed a mobile monitoring
system for urban air quality based on UAV and low-cost
sensors, and used GPRS to transmit data to obtain spatial
and temporal distribution characteristics of air pollutants
in specific areas!'. Yang guolin integrated the UAV
technology with the Beidou Navigation System, and
completed the detection and recording of the air
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micro-particulate matter, temperature and humidity in
specific locations in the space!l'”. However, few
literatures mention the real-time monitoring of
atmospheric gases by combining 4G network with UAV
technology. Therefore, this paper proposes a multi-rotor
UAV air environment monitoring system based on 4G
network, which transmits the atmospheric data
collected by the airborne atmospheric detection
sensors to the network cloud server through the 4G
network, realizes real-time monitoring and analysis of
atmospheric data, combined with the transparent cloud
technology, solves the problems of the limitation of
the distance of air quality monitoring of traditional
UAVs and the limitation of the amount of data
transmitted online, and provides new ideas and
methods for the research of UAV environmental
monitoring.

2 Overall system design

The air environment monitoring system of UAV based
on 4G network designed in this paper mainly includes
two parts: multi-rotor UAV subsystem and air
monitoring subsystem. The multi-rotor UAV subsystem,
as an air flight platform, mainly includes flight control
unit, motor and drive, power supply/rack unit, flight
management unit and other modules. The atmospheric
monitoring subsystem plays a role in the detection,
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transmission and display of atmospheric data, including data monitoring platform. The system structure diagram
atmospheric detection sensor, 4G network transmission is shown in figure 1.
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Fig.1. Structure diagram of UAV atmospheric environment monitoring system based on 4G network

acquisition, transmission module, picture transmission

3 System hardware design and other modules, mainly including the body of the rack,
the arm and other parts. Considering the weight of the
3.1 Multi-rotor UAV subsystem airborne load, a six-rotor frame with wheelbase 830 is

designed in this paper, which can install 6 brushless dc

motors. The frame design drawing is shown in figure 3.
3.1.1 Flight control unit The machine arm is mainly used as the installation
support part of the blade, motor and other components. It
adopts a foldable design to facilitate operation. The
design drawing is shown in figure 4. The main body of
the frame is designed in hexagonal shape, which is
divided into two parts: upper plate and bottom plate,
which are cut by carbon fiber plate. The upper and lower
plates are fixed with internal Angle screws. Flight
control unit, receiver, digital transmission and electrical
adjustment are installed in the middle. The upper and
lower board 3D printing and physical drawing are shown
in figure 5, figure 6, figure 7 and figure §.

Flight control unit is the core part of multi-rotor UAV,
the need to manage all parts of the UAV system as a
whole, through a series of complex operations:
gyroscope, digital compass sensor data, carries on the
attitude algorithm, based on digital transmission module
of instruction, combined with the attitude control
algorithm, control of each motor output signal, no
extension of the flight attitude and position control.
There are many kinds of flight control used in the market,
most of which are expensive, and the software and
hardware are not open source. In this paper, STM32F407
processor chip is adopted, equipped with peripheral
circuits such as gyroscope and digital compass, and flight
control unit is independently developed. After flight test,
the performance is good and stable, the flight control unit
PCB is shown in figure 2.
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Fig.4. The design drawing

Fig.2. The flight control unit PCB

3.1.2 Rack

) ) ) Fig.5. The upper board Fig.6. The lower board
The rack is the mounting support part of the flight

control unit, battery, electrical modulation, air
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3.1.3 Motor and drive unit

The motor and drive unit include brushless dc motor and
electronic modulation. The electronic modulation outputs
PWM control signal according to the command signal of
the remote control and the flight control unit, so as to
realize the speed regulation of the motor and the attitude
control of the UAV. This paper adopts haoying 40A
electrical modulation with high cost performance and
stable operation, and six hurricane kv420 brushless
motors, as shown in figure 7 and figure 8.

Fig.7. Electronic modulation

Fig.8. Brushless motor
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3.2 Air monitoring subsystem

Atmospheric monitoring subsystem mainly includes
atmospheric detection sensor, 4G network transmission
module, network cloud server, transparent cloud and
data monitoring platform. The 4G network transmission
module is used to realize the communication between the
atmospheric detection sensor and the network cloud
server. The function of supporting access to the
transparent cloud is the core of the whole system. The
transparent cloud enables transparent transmission of
data between 4G modules and network servers, without
changing any structure or data, and the whole process is
transparent to the outside world. Through the virtual
serial port, pass-through cloud platform establishes
communication with the network cloud server and data
monitoring interface, solves the data communication
between gas detection and the upper PC, and realizes the
function of remote monitoring. The work flow chart is
shown in figure 9.

Virtual

Data monitoring
platform

Network cloud
server

Fig.9. Working flow chart of air monitoring subsystem

Among them, the atmospheric detection sensor and
4G network transmission module are the main parts of
the hardware. The integrated closed structure design is
adopted, and the top layer of the equipment is perforated
to facilitate gas circulation, so that the measurement
results are more accurate, as shown in figure 10 and
figure 11. The atmospheric detection sensor module
mainly includes NO2, SO2, O3, CO, PM2.5 and PM10
gas and particle concentration sensors, which adopt a
detachable structure so that other gas concentrations can
be detected at a later stage. The gas detection resolution
reaches PPB level, which ensures the accuracy of data
detection. The 4G network transmission module uses a
high-speed, low-latency full Netcom 4G module, which
supports network transparent transmission, protocol
(UDC) transparent transmission and other working
modes, and the data transmission is stable and efficient.

4G network
transmission
sensor module

Atmospheric
detection

Fig.11. Internal structure

Fig.10. Appearance

4 System software design

4.1 Flight control software

The stability of UAV control system requires not only
the hardware part of flight control unit but also the
software control part. In this paper, double closed-loop
cascade PID control algorithm is adopted, combined with
complementary filtering algorithm and four-element
attitude solution, so that the UAV control system has
good stability and robustness. The system control
software program is shown in figure 12.

System
initialization

Unlock. Open the
interrupt

While (1D

N

Control output

Double closed—
loop cascade PID

Perform
other tasks

Time to
control?

control
Attitude Read sensor
algorithm value

Fig.12. Flight control system software design flowchart

The attitude adjustment of the six-rotor UAV is
realized by adjusting the speed of the six motors.
Different speed combinations can realize the different
flight attitude of the UAV, such as hover, rise and
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advance. By designing the PID control law in the three
attitude control channels, the required control function
can be realized. The traditional PID algorithm can easily
cause the system to vibrate and cause the aircraft to
deviate from the steady state. This paper adopts a double
closed-loop cascade PID control algorithm, loop
controller of attitude Angle adjustment precision, rapid
changes in the velocity of the inner loop controller
diagonal trend of adjustment, improve the system
dynamic control under the disturbance, guarantee the
stability of the system control performance and flight,
flight control block diagram as shown in figure 13.

Target Angular Attitude
attitude a.nglc » Angle Angular velocity Angle Angle
PID 3—» Velomty transfor transfer
PID . function
function

Fig.13. Block diagram of double closed-loop control structure

4.2 Flight management software

Flight management software, also known as ground
station, the function is for UAV flight control, takes
through the UAV route planning as well as to the UAV
flight attitude data of observation, which can help to
complete safe flight. Based on the open-source software
mission planner, this paper uses C# language for
secondary development, which has multi-function,
covering debugging, flight, simulation and other
functions in an all-round way.

4.3 Data monitoring platform

The development of the data monitoring platform is
based on the cloud configuration technology, which can
accomplish real-time display of atmospheric detection
sensor data, alarm push, group management, historical
data view and other functions in a one-stop manner. The
large monitoring screen can show the distribution of
running equipment on the map, as well as equipment
overview, alarm information, etc.

5 Test and performance analysis

The test process is divided into three stages: UAV
subsystem test, atmospheric detection subsystem test and
system overall joint test.

UAV subsystem test: Firstly, download the flight
control program to the flight control unit, connect the
ground station with USB cable, observe the attitude data
of the UAV through the ground station software in real
time, and test the software and hardware performance of
the flight control unit. Then the electric harmonic motor
is tested, including electric adjustment pair, motor
positive and negative rotation, etc. Finally, the UAV
subsystem is tested, and the PID control parameters are
adjusted through outdoor flight to ensure the flight
stability of the UAV platform.

Atmospheric detection subsystem test: Firstly, the
serial port of the atmospheric detection sensor module is
directly connected to the serial port of the computer, so
that the monitoring data of each air sensor can be directly
sent to the computer for viewing, so as to conveniently
observe the output parameters of the sensor. Then
connect the 4G network transmission module to the
atmospheric detection sensor module with RS485 bus,
set up the pass-through cloud platform, add equipment,
and view the data of the atmospheric sensor in real time
through the data monitoring platform.

System overall joint test: After the completion of the
testing of the UAV subsystem and the air detection
subsystem, the air sensor detection equipment is installed
on the UAV (horizontal center of gravity) for joint
testing of the whole system, as shown in figure 14 and

figure 15.
¥ .

Fig.14. Physical picture

Fig.15. Outdoor test chart

The test was carried out near the university town of
hailing district, Taizhou city. The atmospheric detection
sensor collected and sent data every 4s, and checked the
data waveform and historical data in real time on the
atmospheric monitoring platform, as shown in figure 16
and figure 17.
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Fig.16. Real-time data display
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In order to test whether the performance of the
system can meet the expected indicators, the system
compares the gas concentration, particulate matter
concentration, position information and other data
collected in multiple sets of different environments with
special equipment. The test results show that the errors
of the gas concentration, particle concentration and
location parameters obtained by the system are all within
the acceptable range, which can be used as an effective
means for atmospheric environmental protection research
and other works.

6 Conclusion

This paper designs and develops a multi-rotor UAV
atmospheric environment monitoring system based on
4G network. Utilizing the high mobility of the drone and
the high-speed coverage of the 4G network to achieve
dynamic detection of the six parameters of the national
standard, real-time monitoring and analysis of
atmospheric data through the transparent cloud and cloud
configuration data monitoring platform. This system
makes up for the shortcomings of the traditional fixed air
quality monitoring system, such as low flexibility and
limited monitoring space. It provides multiple
monitoring methods such as real-time monitoring and
detection of dangerous areas, and solves the air quality
monitoring distance of drones based on digital
transmission chains. The problem of limited and online
data transmission has increased the diversity and
reliability of urban air quality monitoring, and provided
new ideas and methods for research on environmental
monitoring of UAV.
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