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Abstract  

Air pollution is a condition in which air quality is damaged and contaminated either by harmful 

or harmless substances to living things. The main problem with the air quality measurement 

system in the field is the inaccuracy. This is due to the system installation is installed in an area 

where there is a lot of traffic pollution. This thesis created an alternative method to measure 

air quality using overground measurements. This thesis invented an Air Quality Measurement 

Device Using Programmable Quadcopter Drone Towards Swarm-IoT (Internet of Things). 

With this alternative, Swarm-IoT drone can measure air quality above ground level. This thesis 

measured air quality using the MQ-135 sensor with a value range of 10 - 10000 ppm. 

Measurement of temperature and humidity using the DHT22 sensor. The range temperature 

is -40°C + 80°C, and the humidity range is from 0-100%. The temperature has an accuracy of 

0.5° C, and the humidity, 2%. NodeMCU as a microcontroller. Data obtained from the sensor 

processed in NodeMCU and the database’s data over a Wi-Fi network displayed on Android. 

With these components, drones can measure air quality at an altitude of 0 m, 3 m and 5 m. The 

results denoted that the quadcopter can automatically detect air quality. Measurements of the 

data were viewed directly via a smartphone in real-time. Air quality testing was carried out in 

two places, namely GSG and Ciganitri field. The tests were done to determine the value of good 

air quality. The findings showed that good air quality was below the range of 720, and the worst 

was above 780. The average air quality results at the GSG at an altitude of 0m was 396, at an 

altitude of 3m was 389, and at an altitude of 5m was 387. While in the Ciganitri field, the 

average of air quality at an altitude of 0m was 695, at an altitude of 3m was 696, and at an 

altitude of 5m was 694. The deviation value of temperature measurement using a thermometer 

as a reference to obtain a value of 1.8 indicated that the measurement results using a sensor test 

device were close to accurate results. 
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1. Introduction 
 Cities are multi-system operating environments equipped by sensors aiming to get data of 

traffic, water distribution networks, electricity networks, and air quality stations [1]. Due to 

Indonesia’s high rate of congestions, the air quality is highly polluted. Air pollution comes from 

land transportation, industrial emissions, and densely populated residential areas where most of the 

people carry out their activities. It has a severe impact on public health. An example of a disease 

caused by air pollution is respiratory tract inflammation. This disease is the sixth leading cause of 

death in Indonesia after diarrhea, cardiovascular, tuberculosis, and measles. Air pollution is perhaps 

Indonesia’s most severe environmental problem. The current quality measurement system is 

considered inaccurate as it only measures at a certain point around but provides inaccurate results 

influenced by various aspects. The measurements in this field are not carried out evenly because 

there are some inaccessible areas, leaving only a limited range of areas can be measured. Land access 

is usually obstructed and full of obstacles. It takes an air monitoring robot to allow all areas accessed 

without any ground barrier. This thesis invented an IoT drone swarm as an overground air quality 

measuring devices. With this tool, air quality measurements will be more accurate and efficient. By 

looking at all these problems, this thesis invented an air quality measuring device in the form of a 
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drone that is able to measure air quality overground. The drone used a sophisticated autopilot system 

called the Pixhawk. The drone was equipped with DHT-22 and MQ-135 to get precise humidity and 

air quality data. To run this sensor, the drone uses NodeMcu as a microcontroller equipped with an 

ESP8266 Wi-Fi module inside. The data from the sensor were sent to NodeMcu for processing. The 

data that had been processed were stored in a firebase via Wi-Fi network connected to the internet. 

The measurement data obtained were displayed on the user’s device. 

 
2. Research Method 

2.1 Internet of Things 

Internet of Things is a global infrastructure for the data society, enabling advanced ad- services 

by interconnecting (physical and virtual) things based on existing and evolving interoperable 

information and communication technologies. The internet of things (IoT) perceived as a far-

reaching vision with technological and societal implications. From the perspective of technical 

standardization, the IoT is viewed as a worldwide infrastructure for the data society, enabling 

advanced services by interconnecting (physical and virtual) things based on existing and evolving 

interoperable information and communication technologies (ICT). Through the exploitation of 

identification, data capture, processing, and communication capabilities, the IoT makes full use of 

”things” to supply services to any or all sorts of applications while ensuring that security and 

privacy requirements fulfilled. The IoT is expected to integrate significantly leading technologies, 

like technologies associated with advanced machine-to-machine communication, autonomic 

networking, data processing and decision-making, security and privacy protection, and cloud 

computing, with advanced sensing technologies actuation[2] .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 – The New Dimension of IoT [b-ITU Report]. 

 

2.2 Air Quality Measurement 

      Air is one of the essential natural elements for living things on earth, especially humans. Air 

pollution is both an environmental and a social problem, leading to a multitude of adverse effects on 

human health, ecosystems and the climate [14]. Air pollution includes one of the biggest problems in 

Indonesia. Related to the congestion of air quality turns out to affect the surrounding community’s 

health, the residual combustion of vehicles contains many CO2, where this substance is toxic to 

humans [14]. Therefore, the government is now measuring and analyzing air parameters to de- velop 

air quality monitoring in real-time. The use of a real-time monitoring system allows performing 

detailed and accurate analysis. 

 

2.3 Drone Technology 

 Drones are tools with advanced technology capable of being controlled and having the 

ability to fly relatively high and far away. There are two types of drones, namely Fixed Wing and 

Multirotor. This type of drone built from a body that has two wings and one propeller. The advantages 

of this type of drone are good stability, more comprehensive range. Multirotor drone made from a 

fuselage paired with four motors that move the propellers. The advantages of this type of drone are  
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agility, manoeuvrability, and precise accuracy. The number of motors distinguishes drone Multirotor 

itself. In general, this drone has a motor with a number ranging from 3 (Tricopter), 4 (Quadcopter), 

6 (Hexa- copter), and 8 (Octocopter). In this thesis, the type of multirotor used is a quad- copter. The 

quadcopter has four rotors as propeller drives that generate lift. The quadcopter can take off and land 

vertically. The four motors in the quadcopter can move up, down, forward, backward, left, right, and 

rotation. The theory for motor movement is called pitch, roll, and yaw. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Configuration of Rotors. 

 

3. System Method 

3.1 System Method of Sensor 

Fig.3 - Overall System Block Diagram. 

 

The dht22 and the MQ-135 used for the sensor subsystems. The IoT Device subsystem used is 

NodeMcu. For the gateway subsystem, this tool uses the Wi-Fi gateway of the mobile device hotspot 

network. The IoT Platform / Cloud subsystem used is firebase. The tools in this system consist of 

DHT22, MQ135, and NodeMCU. In this part of the tool, DHT22 and MQ135 are connected to 

NodeMcu to transmit the obtained data. In the application section, an application is made on a 

smartphone as a media for users to display air quality measurements every piece of information 

obtained by the application stored in the Firebase database. The dht22 and the MQ-135 used for the 

sensor subsystems. The IoT Device subsystem used is NodeMcu. For the gateway subsystem, this 

tool uses the Wi-Fi gateway of the mobile device hotspot network. The IoT Platform / Cloud 

subsystem used is firebase. The tools in this system consist of DHT22, MQ135, and NodeMCU.  

 

3.2  System Method of Connectivity 

The purpose of this section is to explain how the connectivity system in this thesis works. In 

this section, algorithm will be explained. 

Fig.4 - Arduino Coding. 

 

Figure 3.6 sets up a wifi connection used so that NodeMcu gets a link to connect to the internet. 

To define WIFI SSID, fill in the username for the wifi device name, and for WIFI PASSWORD, 

input the password according to the device used. In that way, NodeMcu will automatically connect 

to the internet network. 
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3.3   System Method of Platforms 

Fig.5 - Block Diagram of Platform. 

As we can see in the picture 3.6, according to the program made on the Arduino IDE, the MQ-

135 sensor and DHT22 sensor will take as much data as possible for 60 seconds. The data obtained 

by the two sensors and stored in NodeMcu. The fog chart above consists of a device manager, Edge 

Analytics, and ingest data. The data from the sensors are sent to the database using a Wi-Fi network. 

The IoT platform used is Firebase. The data received by Firebase connected automatically, and we 

can see it in real-time on the smartphone screen display. 

3.4   System Method of Application  

Fig.6 -  Flowchart of Application. 

 
Figure 6 is a flowchart of the application section that describes the workflow of applications on 

smartphones. When the application is opened, the application will display real-time measurement 

data. The application adds a ”Take” button to retrieve data at a predefined height. 

• When pressing the take button at an altitude of 0 m, 3 m, and 5 m NodeMcu will retrieve the overall 

data for 60 seconds. It is sent to firebase to get the average result of the captured data and then 

display it in the application. After completing all data collection, the application will display 

the measurement results of each height. Then the application can be closed. 
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3.5   System Method of Drone  

Fig. 7 - System Block Diagram of Drone. 

 

The system that realized in this section is a drone. Drones designed to fly 

and float at a certain altitude, the sensors can take measurements at an altitude 

of 0m, 3m, and 5m. The type of drone used is a quadcopter that uses the model 

(X) with dimensions of 450mm. The system consists of hardware, namely f450 frame, 

brush- less motor, Electric speed control (ESC) 40 Ampere, Pixhawk Flight 

Controller, 9x4.5 propeller, 5200mAh / 15V Li-Po battery, Telemetry, Gps Module, 

Power Module, and Receiver. 

3.6   Testing Scenarios 

1. Functional 

Drone stability testing aims to see whether the drone’s work is stable or not while flying on a mission. 

The stability of the drone is seen from the graph recorded in the tlog mission planner. The X-axis 

shows the time, while the Y-axis shows the coordinates of the drone body’s slope. The drone is stable 

when the pitch, roll, and yaw lines are around 0. 

2. Reliability and Validity 

This test aims to compare the measurement results with tools that have shared values with the sensor 

made. The MQ-135 sensor measures air quality with- out using a reference instrument with using 

alcohol and gas to get a reference value. The DHT22 sensor measures humidity and temperature 

using a digital thermometer as a reference tool. Air quality measurements carried out at an altitude 

of 0m, 3m, and 5m. Measurements are made more efficient because measurement results are sent 

directly to the smartphone so that users can see the results in real-time in the application created. 

3. Quality of Service 

The parameters to be tested in this thesis are delay and throughput. Measure- ment of Delay Data was 

done to measure data transmission speed sent from NodeMcu to Smartphone. Delay measurement is 

done using a stopwatch on a smartphone. Data sending time calculated from data 1 to data 2 and so 

on. The throughput calculation is done by dividing the amount of data sent by the time of data 

transmission. In this throughput measurement, there is only the Uplink value from NodeMcu to the 

Internet. By testing the parameters above, it can prove whether the air quality measuring in- strument 

using this drone swarm will produce an accurate and efficient value or not. Accuracy and precision 

show our level of confidence in the measurement results obtained. Accuracy means that our 

measurement results follow the standard, which means comparing with other standardized measuring 

instruments. Precision means that our measurement results are conical to a certain number. 

4. Testing Result 

4.1 Making a prototype of IoT control sub-system 

The following is an indicator of the achievement of the control sub-system pro- totype results: 
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Table 1. Indicator of the Achievements Sub-system IoT Control. 

 

4.2 Functional Testing Result 

This test carried out to test the drone balance’s stability, which seen from the drone’s roll, 

pitch, and yaw angle. This drone uses Radio Telemetry as a signal amplifier so that the flight data 

carried out recorded by Log telemetry or often called ”tlog”. This log is recorded by the local PC’s 

mission planner when the autopilot connected via a telemetry link. 

Fig. 8 - Graph of Stability drone in Mission Planner  

The red axis is the pitch value, the green axis is the roll value, and  the blue axis is the roll value. 

This test’s angular stability is still in good condition wherein the position’s initial minutes are still 

at point 0. When the drone rises to a higher altitude, the stability begins to be disturbed. The drone 

isolated between 0m - 3m at which time the ping is read. Likewise, when the drone rises to an 

altitude of 5m. The overall result of this graph is said to be stable because there are no significant 

disturbances. 

4.3 Reliability and Validity Measurement 

Fig. 9 - Providing samples for reference data. 

The sampling test found that the reference value for good air quality was below 720 ppm, while 

from the value of 720ppm-780ppm, the value of air quality was moderate and above 780 was 

No Indicator Test Result 

MQ-135 sensor able to measure air quality Working 

DHT22 sensor able to measure humidity and temperature Working 

NodeMcu able to send data to Firebase Working 

All propeller able to rotate Working 

Percentage of Yield 100% 
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dangerous. 

4.3.1 Quality Measurement 

Tests carried out in two places with different air quality, namely the GSG Field and the Ciganitri 

Field. The GSG field condition is planted with lots of trees; it used to take good air quality. The 

Ciganitri Field location is close to the construction area and close to a highway 

Table 2  Testing Place : GSG. 

Table 3  Testing Place : Ciganitri Field 

 

Show the results of air quality measurements using the MQ- 135 sensor. The sensor can work 

well, which is proven by reading the level of pollution in two different places. It can see a 

significant difference between the two. The measurement results in the Ciganitri Field were higher 

pollution than those in the Gsg Field. Unlike the Gsg result, which was lower and entered the 

”Good” index because the number is below 720. 

4.3.2 Humidity Measurement 

Table 4  Testing Place : GSG  
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Table 5 Result in Ciganitri Field 

The experimental results measured air humidity at three altitude points, namely 0m, 3m, and 5m. 

Data were collected using a test tool in the form of a DHT22 sensor. Data collection was carried 

out for 5 minutes starting at 9 am, and it was repeated three times at 12 pm, 4 pm, and 9 pm. The 

data obtained in percentage units. Based on the table above, the data from the humidity 

measurement results tend to be constant. Based on the test results, the DHT22 sensor above shows 

promising results, as evidenced by the results following the test site’s conditions. 

4.3.3 Temperature Measurement 

Table 6  Result in GSG 

Table 7 Result in Ciganitri Field 

 

Data were collected simultaneously with two measuring instruments: a thermometer and a 

DHT22 temperature sensor test device. The data presented is the real-time measurement result. The 

two places’ measurement results show a constant temperature value because data collection carried 

out during the rainy season. However, the temperature measurement results in the Ciganitri Field 

are higher than in the Gsg Field. The measurement results using a thermometer, and the 

measurement results using the sensor are not much different. The data obtained is processed to find 

the deviation value in these measurements. The following is the result of the deviation calculation: 

 

Table 8 Deviation of Temperature 
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Deviation calculation aims to measure the deviation from a measurement result. The smaller 

the deviation value, the more accurate the value will be. Conversely, the greater the deviation, the 

less accurate the value will be. The  temperature measurement value using a thermometer and sensor 

has a deviation of 1.8. Shows that the sensors in the system can work optimally. 

 

Fig. 10 - Comparison Graph of Temperature Measurement. 

The graph above shows that the average value of temperature measurements using a 

thermometer and sensor has a small comparison value. This supported by the display in the graph 

that presented. It can see the two lines are close to each other. So that the measurement results are 

close to accurate. 

4.3.4 Quality of Services 

- Delay 

Table 9  Delay Standardization (TIPHON) 

 

 

 

 

 

 

Table 9  Result of Data Delay. 

The result of the total average delay in the table 9 is 240 ms. When com- pared with the 

standardization TIPHON [19] is in the ”good” category. 
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- Throughput 

Table 10  Throughput Standardization (TIPHON). 

Table 11  Result of Throughput 

The total average throughput results in the table 11. When compared with the standardization 

of TIPHON [19], it is in the ”Good” category because the total average throughput gets a percentage 

of 89%. 

5. Conclusion 

     From the results of air quality measurements carried out with test equipment in the form of 

sensors using the IoT Device drone swarm, the following conclusions obtained: 

1. Drones have been made that can measure air quality at an altitude of 0m, 3m, and 5m using 

sensors as an alternative to air quality measurements that send measurement results directly to 

the user to be more efficient. 

 2. The measurements results can be seen in real-time via a smartphone applica- tion using a Hotspot 

or Wi-Fi connection. For air quality measurement using MQ-135, the higher the value obtained 

during measurement, the worse the air quality. The results of measuring air humidity using 

DHT22, the higher the percentage obtained, the higher the humidity in the measured area. Tem- 

perature measurement using DHT22 at an altitude of 0m, 3m, 5m, the results are constant. These 

measurement results compared with a thermometer mea- suring instrument, which produces an 

accurate value because the deviation obtained is 1.8. 

3. Measurements can be done anywhere and anytime, as evidenced by measure- ments made in 

two different places without having to have a reference time and without carrying other tools. 

Turn on the drone to fly and take measurements. 
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