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Abstract: The specific applications of atmospheric and environmental data acquisition are 

found in the following areas: air quality monitoring, climate and meteorological studies, extreme 

events (volcanic eruptions, fires, and floods), biodiversity, waste and soil pollution, precision 

agriculture (crop monitoring). 

The paper proposes an applicative approach regarding the monitoring and acquisition of 

atmospheric and environmental data with the help of open source hardware tools (arduino 

platform) on board a customized UAV, as a low-cost functional model, with educational and 

research use. 
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1. INTRODUCTION 

 

The use of unmanned aircraft for the acquisition of atmospheric and environmental 

data offers specific approaches to the versatility of these types of aerial vectors together 

with the technological advantages of the miniaturization of dedicated sensors depending 

on the specific national regulations applied to the categories of UAV used. 

The specific applications of atmospheric and environmental data acquisition are found 

in the following areas: air quality monitoring, climate and meteorological studies, 

extreme events (volcanic eruptions, fires, floods), biodiversity, waste and soil pollution, 

precision agriculture (crop monitoring). [1-5] 

The paper proposes an applicative approach to the monitoring and acquisition of 

atmospheric and environmental data using open source hardware tools (Arduino platform) 

on board a customized drone, as a low-cost functional model, with educational and 

research use. The theoretical and applicative aspects developed in the article include a 

series of references about the tools used in the application stage and obviously an applied 

approach with the presentation of concrete experimental data on the sampled atmospheric 

and environmental parameters. 

 

 



Considerations for of Atmospheric and Environmental Data Acquisition with Quadcopter UAV 

 

 

188 

2. RESOURCES 

 

2.1.Hardware  

For the acquisition of atmospheric and environmental data we used a quadcopter to 

which a DHT11 temperature and humidity sensor and an MQ-2 gas sensor were attached. 

These were integrated into the unmanned aerial platform using an Arduino UNO 

microcontroller, see Fig. 1. [6-8] 

 

  
a b 

 

FIG.1 Resources, a. multicopter, b. microcontroler ARDUINO Uno 

 

To initialize the experimental model, I used the Arduino IDE to program the sensor 

array to deliver data in an easy-to-read and process manner. Humidity is measured in 

percentage, air temperature and dew point temperature in Celsius degrees, and gases are 

measured in parts per million (ppm). The Arduino microcontroller is responsible for 

communicating with the sensors through various protocols, processing the acquired data, 

and, in my case, storing it on the SD card in csv format. [9] 

2.2.Software 

The software implementation of the monitoring system was done in the Arduino-

specific language, based on C/C++. This code can be divided into several sections: 

initialization and configuration of components, acquisition of data from sensors, 

processing and calculation of derived parameters, data storage and display. 

a. Initializing and setup elements 

This section consists of configuring the libraries used, declaring the pins used in 

communicating with the hardware components, and initializing global variables. Without 

the use of libraries, it would not have been possible to run the code below: 

 
The DHT library facilitates the microcontroller's communication with the temperature 

and humidity sensor, and the SPI and SD libraries are essential for the optimal 

functioning of the SD card. The math library provides the mathematical functions 

necessary for calculating the dew point. We used preprocessing directives to define the 

pins used in communicating with the hardware components. 

This approach allows for easy modification of the hardware configuration without 

much code modification. 
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The setup( ) function is important because it provides a robust solution for 

implementing the SD card, which includes configuring pin 10 as an output and setting it 

high. 

 
This solves a well-known SD card initialization problem. At the same time, the SD 

card initialization has been done at a reduced speed to increase the stability of SPI 

communication. 

 
 

An advantage of this code is that it can be used to read data even if an SD card is not 

used. 

b. Data acquisition from sensors 

Acquisition of data from sensors is done in the loop() function which is also the main 

loop of the program. In order not to overload the system and to record data at a certain 

period, we implemented a timing mechanism based on the millis() function: 

 
 

Thus, data recording is done once every 5 seconds. With the help of the call of the 

readhumidity() and readtemperature() functions, data acquisition from the DHT11 sensor 

is performed: 

 
 

At the same time, we also introduced checks to detect reading errors of the DHT11 

sensor. 

 
 

Information acquisition from the MQ-2 sensor is achieved by reading the value from 

the corresponding pin. 

 
 

3. PARAMETER PROCESSING 

 

3.1. Processing and calculation of parameter 

The calculation of the dew point temperature is performed by the function 

calculaeazaPunctRoua() based on a mathematical formula that uses the temperature 

measured in degrees Celsius but also the humidity recorded in percentage. The dew point 

temperature represents the temperature at which water vapor condenses. 
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This implementation uses the dewPointFast method which is an efficient and highly 

optimized method, being faster than other methods of calculating the dew point 

temperature. 

Using a simplified conversion formula, the system converts the analog value read 

from the MQ2 sensor into ppm units. 

 
 

3.2. Storage and display data 

The system provides two methods for displaying acquired data: displaying on the 

Arduino IDE application interface (Serial Monitor) and storing on the SD card. [9] 

Displaying data on the serial interface allows for real-time monitoring. 

 
Data is stored on the SD card only after it has been successfully initialized, using the 

variable 'cardSDFunctional' to control this action. With this code, the data is saved in 

CSV format, meaning the values are separated by commas, which facilitates easy data 

entry into Excel or other special statistical analysis software. 

The code implementation includes several optimizations worth mentioning, such as: 

using the timing mechanism based on ‘millis()’ instead of the ‘delay()’ function allows 

for a more efficient operation of the system in terms of energy consumption. At the same 

time, organizing the code into different functions to perform certain operations increases 

modularity and allows for very easy system changes. 
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4. EVALUATION OF THE EXPERIMENTAL MODEL 

 

4.1 Cost and mass of the atmospheric sensor system 

The atmospheric sensor system consisting of an Arduino UNO and the DHT-11 and 

MQ2 sensors is an economical and efficient choice because the sensors used have a low 

cost. At the same time, they are recommended for applications that do not require a very 

high degree of accuracy. [10-15] 

 
Table1. Costs and weight of sensors in the atmospheric monitoring module 

Elements Cost (ron) Mass (grams) 

Arduino UNO 133,24 9 

DHT-11 sensor 8,36 2 

MQ2 sensor 10,92 8 

SD card module 7,14 8 

Alluminium stick 50 150 

Arduino case 20 40 

Senzor case 0,2 25 

TOTAL 229,86 242 

 

4.2. Atmospheric monitoring module power consumption 

Estimating the power consumption of this system is essential to know which battery to 

use and the autonomy it will have. Since this sensor module receives power from the 

same battery that powers the drone, a battery with a sufficiently large capacity must be 

chosen so as to meet the needs of each device. 

 
Table 2. Sensor module power 

Elements Power (mA) 

Arduino UNO 25-50 (Max) 

DHT-11 sensor 2,5 (Max) 

MQ2 sensor 180 (Max) 

SD card module  20-100 (Max) 

TOTAL 332,5 (Max) 

 

5. CONCLUSIONS AND FUTURE STUDY 

 

Atmospheric and environmental monitoring through the acquisition of specific data 

involves the use of calibrated sensors and measurement scenarios adapted to the purpose 

of experimental tasks. Given the logistical preparation carried out, a series of future 

stages can be designed as follows: sensor calibration, definition of work scenarios and 

measurement stages, stages that are the subject of future scientific work. 

Educational unmanned aerial platforms constitute a mature technology that can 

instrument appropriate measurements in experimental scenarios with the delivery of data 

with medium and high confidence levels. 
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