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Abstract 

 

The aim of this study is to determine the air pollution occurring in city centers or it’s around by means of Unmanned 

Aerial Vehicle (UAV) equipped with some of the sensors. Today, the air quality in the city centers is realized via 

stationary air measuring stations located at the determined points of the city. This method provides very safe data 

depending on the number of stations that make measurement. However, when the city centre is rugged and the 

measurement period is considered, it is clear that it is not an efficient method. In this study, a more useful measurement 

method will be produced by using an UAV which is also a practical method to solve this problem. It is planned to 

measure some of the air pollutants such as CO2, CO, NO2, CH4, and some meteorological parameters such as 

temperature and pressure, using a modular UAV system to be designed in the study. Due to the advantages of the 

modular design system, a practical measurement can be carried out for different gases if required. 
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INTRODUCTION  

 

UAVs are used in the field of agriculture, 

mining, media, search and rescue operations, 

military, health, transportation, engineering, 

and environmental. If they are used in the field 

of agriculture for civil goal, UAVs can be used 

for diseases detection in plant, weed flora 

detection, sensitive chemical practice, check of 

animals, water stress, and growing crops-

maturity detection. Thanks to the advantages 

provided by UAVs, their usage in agriculture is 

increasing day by day (Türkseven et al., 2016). 

The UAV system can carry a high-resolution 

camera. The camera is used for taking photos 

of forestland sources, ways, flow canals and 

provide to evaluate these photos (Gülci et al., 

2017). 

In search and rescue operations, fast coverage 

of problematic field in the disaster area, the 

detection of casualty and provide assistance are 

very important issues. Methods are developed 

for mapping of disaster area via UAVs. The 

image map is used for detection of people. 

According to experimental results, UAV can be 

used in research and rescue operations (Yavuz 

et al., 2016). 

The target identification and diagnosis in real 

time is one of the most important skills 

required for security forces in order to achieve 

success in the military operations (Ergün and 

Sönmez). In a military application, the UAVs 

can be sent to dangerous areas before soldiers 

and the danger or the enemy can be detected. 

At the same time, target detection can be made 

by night vision and thermal cameras carried by 

UAVs.  

In the field of the health sector, UAVs are used 

for blood and pathology samples transportation 

between two hospitals. This method was 

developed by the EOC hospital group in 

Switzerland (Mion, 2018). The other use of 

UAVs is to transfer devices for first-aid to 

reduce delay occurring due to traffic density. 

UAVs are used in many areas of engineering, 

for example, in the field of civil engineering, 

UAVsare used for conducting bridge 

inspections by optimizing an unmanned aerial 

system (Cho, 2018). 

One of the areas where UAVs are used is 

environmental studies. In areas such as the 

detection, sampling, and analysis of 

environmental pollution that occur by natural 

and unnatural means, the regions where people 

cannot reach physically can be reached with 

UAVs.  
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For example, the extent of the environmental 

disaster caused by volcanic eruptions and the 

detection of pollutants in the resultant gas and 

particle structure can be made with UAVs. 

Again, the volcanic activity, seismic tremor and 

gas emissions, the impending explosive 

activities occur in the peak crater area of the 

volcano, and the new technology UAVs are 

used to understand the mobility of these events.  

Air pollution results from the combination of 

high emissions and unfavourable weather. Air 

quality has hazardous effects on health, 

ecosystems, heritage, and climate. Due to 

sensitive to climate change, air quality is 

strongly dependent on weather (Holman, 1999; 

Akimoto, 2003; Patric, 2008; Frumkinand 

Hess, 2008; Carvallo et al., 2009).  

Air pollutants such as nitrogen oxides (NOx), 

Sulphur dioxide (SO2), volatile organic 

compounds (VOCs), methane, ozone, 

particulate matter (PM) have both natural and 

anthropogenic sources. Particulate matter (PM) 

includes sulfate, nitrate, organic carbon, 

elemental carbon, soil dust, and sea salt. The 

first four components are mostly present as fine 

particles less than 2.5 mm diameter (PM2.5), 

and these are of most concern for human 

health. Sulfate, nitrate, and organic carbon are 

produced within the atmosphere by oxidation 

of SO2, NOx, and NMVOCs. Ozone is 

produced in the troposphere by photochemical 

oxidation of CO, methane, and NMVOCs. 

Carbon particles are also emitted directly by 

combustion (Jacob and Winner, 2009).  

Although air pollution in major cities tends to 

increase during the build-up phase due to levels 

of sulfur dioxide and soot, in recent decades, 

however, the increasing traffic in the cities has 

switched the attention to CO, nitrogen oxides, 

organic compounds and small particles 

(Fenger, 1999).  

Air quality instruments for quantitative 

measurements of gas pollutants can be 

separated into sensors and measurement 

systems. Some of the gas or particle analyser 

methods for real-time measurements include 

UV fluorescent, chemiluminescent, IR 

techniques and Beta gauge absorbing. Devices 

for measurement systems are usually very 

bulky, cost-intensive and require long warm-up 

time (several minutes to an hour) and long 

response time. Sensors’ detection is mainly 

based on electrochemical measurement 

principles. Although sensors have typically a 

limited response time, limited accuracy, often 

show signal drift and a limited lifetime, they 

are more practical than the measurement 

systems (Winegar and Keith, 1993; Bucholtz, 

1997; Degner and Ewald, 2018).  

Air quality standards for health protection for 

some of the pollutants are given in Table 1 

(EU, 2017). 

 
Table 1. Air Quality Standards for The Protection of 

Health of The EU Ambient Air Quality Directions for 

NO2,SO2, O3 

Pollutant  Averaging  Period µg/m3 ppbv 

NO21 hour average  

           annual average  

           Alert (3h, 100km2) 

200 

40 

400 

105 

21 

209 

SO2 1 hour average  

          1 day average  

          Alert (3h, 100km2) 

350 

125 

500 

131 

47 

188 

O3   1 hour average  

          8 hour average  

          Alert threshold 

180 

120 

240 

90 

60 

120 

 

In this study some of the gases (CO, NH3, NO2, 

CH4, CO2, vb.) that cause air quality problem 

or cause greenhouse gas effects can be detected 

or sampled by using an UAV carrying sensors 

at the background, at the stack or at the stack 

level dispersion area, at the area that is not easy 

to sample the air or the area that is harmful to 

human health.  

 

MATERIALS AND METHODS 

 

A) Properties of UAV 

 

 

Figure 1. A prototype of the UAVe 
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The designed UAV prototype is shown in 

Figure 1. Due to its ability, the UAV will have 

2 km coverage and it also stays approximately 

15 minutes in the air without power supply. 

Image around the city area will be taken with 

the camera and will be saved to the SD card. 

The UAV also has a GPS that detects the 

location. The load carrying capacity of the 

UAV will be approximately 2.8 kilograms. It 

will be used Li-Po battery and this battery 

property: 11.1volt, 5200 mAh etc. It will be 

used brushless motor (4 pieces and peace of 52 

g) at UAV. Revolutions per minute of this 

motors 960KV and have long lived. It was 

preferred to “Naza m lite” as a flight control 

card. The data will be saved to SD card while 

UAV is flying. Graphics will be analyzed when 

UAV land down. The UAV’s block diagram is 

shown in Figure 2. 

 

Figure 2. UAV block diagram 

 

B) Multichannel Gas Sensor Components 

for Air Sampling (MGSC) 

The block diagram of gas sensing is given in 

Figure 3. 

 

Figure 3. The system of gas sensing block diagram 

 

“Grove Multichannel Gas Sensor (GMGS)” 

will be used for pollutant gases in the air and 

“Ccs811 Sensor Module” will be used for CO2 

with the UAV. In addition, BMP 280 sensor 

module will be used for vertical pressure and 

temperature measurement with the UAV. 

GMGS can detect many types of harmful gases 

and thanks to 3 channels three gases can be 

detected simultaneously. Therefore, with this 

sensor, the concentration of more than one gas 

will be analysed at the ambient air. With this 

multiple channels of the sensor, the detectable 

gases include Carbon monoxide (CO) 1-1000 

ppm, Nitrogen dioxide (NO2) 0.05-10 ppm, 

Hydrogen (H2) 1-1000 ppm, Ammonia (NH3) 

1-500 ppm, Methane (CH4) >1000 ppm. 

GMGS’s sensitivity is between 1.2-50 ppm 

(URL(1)) and BMP 280 sensor, for temperature 

between -40 and +85 ◦C with an accuracy 

between +/- 1 ◦C URL(2).  

 

C) Methods 

Many different methods have been developed 

for ambient air quality measurement. One of 

the methods developed for mobile air quality 

measurement application is the mobile vehicle 

measurement method. Due to the advantages of 

this method, air pollution measurement is 

carried out with the aid of gas sensors placed 

on buses and cars travelling to different points 

of the city. The data collected from different 

points in the city are transmitted to a single 

centre and the air quality maps of the cities are 

produced using the data (Carvalho and Lopes, 

2009). 

Another method for air quality measurement is 

the fixed point measurement method that the 

most used traditional air quality measurement 

method. The data can be obtained by means of 

air quality measurement stations or the sensors 

placed in a fixed point station (Liu et al., 2011). 

The aim of this project is to determine the air 

quality of the region by measuring the 

concentration of some of the air pollutant using 

a UAV equipped with the sensors. The UAVs 

provide excellent potential for air quality data 

collected at elevated height with a spatial and 

temporal resolution. It is also aimed to reduce 

the measurement process and costs for air 

quality studies in cities or its surrounds. As the 

system is modular, different analyses can be 

made by using different sensors. 

In the measurements that will be made using an 

UAV, the data will be produced for both air 

quality and some meteorological parameters. 
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The data will be recorded to the SD card on the 

system and the air quality levels of the 

measured areas will be analysed. 

 

RESULTS AND DISCUSSIONS 

 

In this study, real studies could not be done in 

the field. However, preliminary experimental 

studies have been carried out for some gas 

measurements. The results are given in Table 2. 

For gas measurements, the unit is in ppm. The 

last two columns of the table show the average 

and standard deviation of the measurements. 

When the results are examined, the mean and 

standard deviation are very low. This shows 

that the accuracy of the measurement is high, 

and the sensor has the feature to be used in the 

gas measurements in the field. 

The temperature and pressure values are shown 

in the Table 3. They were obtained at different 

altitude without sensor not being placed in the 

drone. 

 
Table 2. Preliminary results 

H2 CH4 CO NO2 

1,96 6885,45 8,36 0,06 

1,96 6885,45 8,36 0,06 

1,96 6606,61 8,27 0,06 

1,92 6606,61 8,27 0,06 

1,92 6606,61 8,27 0,06 

1,944 6718,146 8,306 0,06* 

0,019596 136,6031 0,044091 0** 
*: Arithmetical average **: Standard deviation  

 
Table 3. Measurement results: Temperature, Pressure 

ApproxAltitude 0 m 11.23 m 

Temperature 11.08 ◦C 12.90 ◦C 

Pressure 101679.75 Pa 101573.63 Pa 

 

CONCLUSIONS 

 

Pollutant gases and some of the meteorological 

parameters will be measured using a UAV 

equipped with the sensors for an air quality 

study. The main point of this study is to 

measure air quality with some meteorological 

parameters spatially and temporarily using the 

UAV in a mobile manner. The method can be 

used not only in city centres or its surrounds 

but also in the areas where heavy traffic occurs 

and the environment that is dangerous for 

human health. It might also be used for air 

pollution sampling, measurement of stack gases 

in industrial areas, or gas detection in forest 

fires.  
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