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Abstract 

Traditional PM2.5 concentration detection equipment generally has problems, such as 
poor integration of monitoring information and topographic information, single 
collection of data, and small detection range. Therefore, a novel type of PM2.5 detection 
system based on terrain classification and UAV remote sensing technology was designed 
and developed. The system takes the single-chip microcomputer mounted on the UAV as 
the control core, contains a variety of sensors, data processing and transmission 
modules and GPS modules, and uses solar panels batteries. Based on this, the system 
could obtain other relevant data related to PM2.5 concentration data at the same time in 
actual work (such as wind speed, altitude, air humidity and real-time geographic images 
around the abnormal point). Then, combined with image recognition technology, the 
collected data is divided into four categories: industrial area, urban residential area, 
agricultural area, and water system according to its topographic characteristics. Next, 
according to the air quality classification standards built into the system, the data is 
further classified and evaluated. Finally, the processed data is sent to the receiving end 
of the operator via the wireless transmission module. The novel system has the 
characteristics of simple operation, wide monitoring range and various data collection, 
which improves the monitoring efficiency of PM2.5 concentration to a certain extent and 
has good application prospects. 
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1. Introduction 

In environmental monitoring, PM2.5 concentration has always been regarded as an important 

monitoring indicator [1-3]. The monitoring concentration of PM2.5 is easily affected by terrain 

conditions, monitoring altitude and time period [4-8]. Therefore, how to monitor the PM2.5 

concentration in real time and effectively is a current research hotspot [9-11]. Nowadays, UAVs have 

received attention from many industrial fields due to their flexible operation methods and strong 

carrying capacity [11-15]. Among them, the coupling system that combines unmanned aerial vehicle 

and remote sensing technology is used in many fields, such as geological exploration and coal mine 

preliminary investigation [15-17]. In environmental monitoring, many studies have focused on real-

time monitoring of PM2.5 using UAV and sensor technology. He Jinfeng et al. designed a PM2.5 

multifunctional detector based on laser dust sensor [1]. Wang Xiaodong et al. developed a PM2.5 

detector based on DSM501A dust sensor [2]. Zhang Jianhui et al. designed a GNSS-based space 

PM2.5 detection system [3]. However, the current drones for PM2.5 monitoring areas still exist some 

problems, such as, the short battery life of the current UAV, the poor integration of the collected 
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PM2.5 concentration data and the terrain information in the monitoring range, and the inability to 

simultaneously collect data related to abnormal points of PM2.5 concentration points. It is worth 

noting that there are few studies and reports on these problems.  

Therefore, in this work, the novel PM2.5 detection system was designed based on remote sensing 

image recognition technology, solar panel battery power supply technology, UAV photography 

technology and PM2.5 concentration real-time monitoring technology, and acquire and process other 

related data synchronously with multiple sensors and data modules. The system realizes PM2.5 

concentration detection based on terrain classification and classification assessment of air quality.  

2. The overall design of the novel PM2.5 detection system 

The detection system consists of a single-chip microcomputer system and its peripheral circuits, solar 

panels batteries, data processing and transmission modules, GPS modules, UAVs with cameras and 

several sensors, as shown in Fig. 1. 

 

 

Fig. 1 Schematic diagram of the novel PM2.5 detection system based on terrain classification and 

unmanned remote sensing technology 

 

For this system, the UAV is used as the external frame, the single-chip microcomputer and its 

peripheral circuits are used as the data processing module, installed in the core of the UAV, and 

connected to the wireless transmission module. PM2.5 sensor, wind speed sensor, air humidity sensor, 

altitude sensor, GPS module and UAV camera transmission end are connected to the data processing 

module and installed on the bottom of the UAV. Solar panels power the entire system and are installed 

on the top of the UAV. 

3. The procedure and principle of the novel PM2.5 detection system 

In the application process, this system consists of three stages, including UAV cruise, data collection, 

and classification evaluation. The system work flow chart is shown as in Fig. 2. The specific 

procedure details of each stage include 3 stages (the UAV cruise stage, the data acquisition stage, and 

the classification evaluation stage). 

3.1 Stage 1: the UAV cruise 

Firstly, the operator presets the latitude and longitude in the MCU program according to the 

monitored location and range, and determines the starting point, ending point, cruise route, and 
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boundary range of the UAV. At the same time, the concentration threshold of PM2.5 in the monitored 

area also should be preseted. If it is not set, it will be monitored according to the default concentration 

threshold inside the system. 

 

Fig. 2 The procedure chart of the novel PM2.5 detection system 

 

Secondly, after the setting is completed, the solar panel battery should be activate to determine the 

overall condition of the UAV. Then, the operator places the UAV at the beginning of the cruise route, 

and activates the UAV. 
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Finally, when the UAV takes off, it will automatically turn on the GPS module and start automatic 

cruise according to the preset surveillance route. At the same time, the GPS module will determine 

in real time whether the UAV is within the preset monitoring range. If the UAV affected by natural 

or man-made factors, resulting in a preset range UAV to leave, and did not reach the preset end point, 

GPS module will automatically UAV navigate to a recent cruise line, and then continue cruising. 

3.2 Stage 2: the data acquisition 

After arriving at the monitoring range, the normally cruising UAV will turn on the PM2.5 sensor and 

make it work uninterrupted. 

If it detects that the PM2.5 concentration at a certain point exceeds the preset concentration threshold, 

the main control chip will control the UAV to hover there. Then, the main control chip will 

immediately start the wind speed, altitude, and air humidity sensors to record the wind speed, altitude, 

and air humidity data here, and use the GPS module to record the latitude and longitude coordinates 

here. At the same time, the randomly equipped UAV camera was started, taking the UAV's hovering 

point as the center of the circle, and taking aerial photographs of the terrain and landforms around 

this point within 500m. Then transmit all the data collected above to the data processing module. 

Finally, the data is sent to the receiving end of the operator through the wireless sensor module to 

complete the data collection of abnormal concentration points. 

3.3 Stage 3: the classification evaluation 

As shown in Fig. 3, when the data processing module receives the data collected at the abnormal 

point, it will use image recognition technology to classify the data according to its topographic 

characteristics, and specifically divide it into four types of terrain: industrial area, urban residential 

area, agricultural area, and water system. After the terrain classification is completed, the data is 

divided into man-made sources and natural sources according to the source of PM 2.5. 

 

Fig. 3 Classification level of data packets 

 

Finally, according to the "Air Quality Assessment Grade Standard" and the obtained data 

classification results, the air quality is divided into several standard grades as shown in Table 1. After 

completion, it is packaged and sent to the wireless sensor module. 
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Table 1 The "Air Quality Assessment Grade Standard" based on terrain classification 

 
Ⅰ.industrial 

area 

Ⅱ. urban 

residential area 

Ⅲ.agricultural 

area 

Ⅳ. water 

system 

Ⅰ.industrial 

area 

Ⅱ. urban 

residential area 

Ⅲ.agricultural 

area 

Ⅳ. water 

system 

excellent 
Excellent-Ⅰ-

A 
excellent-Ⅱ-A 

excellent-Ⅲ-

A 

excellent-

Ⅳ-A 

excellent-Ⅰ-

B 
excellent-Ⅱ-B excellent-Ⅲ-B 

excellent-

Ⅳ-B 

good good-Ⅰ-A good-Ⅱ-A good-Ⅲ-A good-Ⅳ-A good-Ⅰ-B good-Ⅱ-B good-Ⅲ-B good-Ⅳ-B 

Light 

pollution 

Light 

pollution-Ⅰ-

A 

Light 

pollution-Ⅱ-A 

Light 

pollution-Ⅲ-

A 

Light 

pollution-

Ⅳ-A 

Light 

pollution-Ⅰ-

B 

Light 

pollution-Ⅱ-B 

Light 

pollution-Ⅲ-B 

Light 

pollution-

Ⅳ-B 

Moderately 

polluted 

Moderately 

polluted-Ⅰ-

A 

Moderately 

polluted-Ⅱ-A 

Moderately 

polluted-Ⅲ-A 

Moderately 

polluted-Ⅳ-

A 

Moderately 

polluted-Ⅰ-

B 

Moderately 

polluted-Ⅱ-B 

Moderately 

polluted-Ⅲ-B 

Moderately 

polluted-

Ⅳ-B 

Heavy 

pollution 

Heavy 

pollution-Ⅰ-

A 

Heavy 

pollution-Ⅱ-A 

Heavy 

pollution-Ⅲ-

A 

Heavy 

pollution-

Ⅳ-A 

Heavy 

pollution-Ⅰ-

B 

Heavy 

pollution-Ⅱ-B 

Heavy 

pollution-Ⅲ-B 

Heavy 

pollution-

Ⅳ-B 

Serious 

pollution 

Serious 

pollution-Ⅰ-

A 

Serious 

pollution-Ⅱ-A 

Serious 

pollution-Ⅲ-

A 

Serious 

pollution-

Ⅳ-A 

Serious 

pollution-Ⅰ-

B 

Serious 

pollution-Ⅱ-B 

Serious 

pollution-Ⅲ-B 

Serious 

pollution-

Ⅳ-B 

4. The performance advantages of the novel PM2.5 detection system 

4.1 Classified monitoring and obtaining multiple types of data 

This system uses the coupling of image recognition, GPS positioning and PM2.5 concentration 

detection technology. After data collection is completed, the data can be classified and evaluated 

through the data processing module, thereby realizing the real-time classified monitoring of PM2.5 

concentration. When the UAV found an abnormal concentration during cruising, the main control 

chip will control the UAV to hover in the air and turn on the wind speed, altitude, humidity and other 

sensors and the UAV's camera to record other relevant data at the same time. This function provides 

more data support for subsequent further analysis and research on abnormal concentrations. 

4.2 Simple operation and wide detection range 

In the operation of this system on the UAV, the operator only needs to monitor the position and range 

on the operating side according to the needs to complete the setting of the relevant starting point, 

ending point, cruise route and other key points. The others operations, such as the cruise, hover, are 

completed by the main control chip and GPS module. This function significantly reduces the 

difficulty of operation for ground operators. At the same time, this system uses solar panel batteries 

to power the entire system. Compared with rechargeable batteries, it effectively increases the use time 

of the UAV. This design can meet the needs of larger-scale monitoring of the target position. 

4.3 Low cost and easy to make 

The various sensors, data modules, solar panels and batteries involved in the system, and even the 

UAV, have a very complete industrial system on the market, and have a variety of options. Therefore, 

the system can be completed by simply assembling and debugging, and the difficulty of future 

maintenance and repair is also reduced. 

4.4 Energy saving and long use time 

In this system, the wind speed sensor, altitude sensor, air humidity sensor and accompanying camera 

will be activated only after the abnormal concentration is found. This not only significantly reduces 

the total energy consumption of the system in operation, but also extends the use time of each sensor 

and camera. At the same time, solar auxiliary power supply technology is used to power the system, 

which makes the system more energy-saving and environmentally friendly in actual application. 

5. Conclusion 

In summary, the novel PM2.5 detection system based on terrain classification and UAV remote 

sensing technology has been designed in this work The system couples remote sensing image 

recognition technology, solar auxiliary power supply technology, UAV technology and real-time 

PM2.5 concentration monitoring technology, and uses a variety of sensors and data modules. This 
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system realizes effective monitoring of PM2.5 concentration based on terrain classification. In 

addition, most of the sensors in this system and the cameras that come with it will only turn on when 

an abnormal concentration is detected, which reduces system energy consumption and extends usage 

time. At the same time, various data related to abnormal points are also collected to provide certain 

reference basis for related researchers in the future. In short, the novel PM2.5 detection system 

designed in this work can effectively classify and evaluate air quality in combination with terrain 

features, which has very broad application prospects in environmental detection. 
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