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Abstract— Air Pollution, due to car emissions; chemicals; 

dust…etc., can cause a variety of problems to humans, animals, 

plants and water resources. The main idea of this paper is to 

develop a tool that measures and remotely monitors air-quality 

and air-pollution status at different altitudes using different 

kinds of pollution sensors. A quad-copter in X-configuration, 

equipped with sensors utilized for detecting air pollutions are 

developed and integrated. The work also involves building a 

convenient graphic user interface to remotely monitor and 

determine air pollution levels, and provide a way to save 

pollution data for further offline processing and analyses. 

 

Index Terms— Air quality, Monitoring and detection, 

Pollution, Quad-copter, UAV 

 

I. INTRODUCTION 

  Nowadays, Unmanned Aerial Vehicles (UAVs) are 

currently deployed in numerous applications, especially in 

dangerous and dull tasks. A UAV system comprises 

integration of several hardware subsystems including sensors, 

actuators, and controllers. It also comprises many software 

components, like autopilot control, trajectory generation, 

mission execution, image processing, etc. [1-5]. Low-cost, 

small and autonomous multi-copter were increasingly used in 

many application areas instead of expensive and large aircraft 

platforms due to the advancement in computation processing 

units and development of powerful and small sensors. 

Air pollution, like chemicals that are generated from 

factories; car emissions; and dust, is a combination of gases 

and solid particles. Climate is directly changed by particulate 

pollutions through heat and light absorption by black 

materials and incoming solar radiation scattering [6-8]. Some 

particles are water soluble and result in altering the lifetime 

and brightness of clouds [9]. The combinations of these 

effects will result in a reducing reachable sunlight [10]. This 

in turn have an impact on wind speeds and generated solar 

power [11]. Air quality monitoring gives insight into potential 

climate changes at a specified area and atmospheric level. 

Nonetheless, the majority of air pollution monitoring tasks are 

carried out at surface level while neglecting potential readings 

of higher altitude atmospheric levels. Pollutions at higher 

layers may not similar to the surface. Therefore, it is being a 

necessity to get the whole picture of pollutions to analyse 

climate change of an area. 
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One way to remotely sense and monitor air pollutions at 

different atmospheric levels is to use aircraft. It is considered 

a powerful tool especially when large areas need to be 

covered at short time. Manned aircraft requires airbases and 

trained pilots among other issues like fuel, platform cost, etc. 

[5, 12]. This makes UAVs more attractive to perform this kind 

of tasks. Quad-copter platforms, as compared to fixed-wing 

UAVs, have numerous key advantages including hovering 

ability, and aggressive trajectory resolution. The deployment 

of this kind of UAV platforms in pollution sampling and 

monitoring allow safe, repeated flights, and inexpensive 

sampling of pollutions at diverse atmospheric layers. 

A vertical take-off landing UAV of a small quad-copter 

type is developed for the purpose because of its 

characteristics, hover ability and low altitudes fly, that makes 

it suitable for this kind of missions. The detailed development 

methodology is presented in next sections, based on choosing 

right navigation and control components with suitable 

air-pollution sensors and building a convenient graphic user 

interface to present monitored data on a remote ground 

station. 

II. WORK METHODOLOGY 

Several steps are followed for the development and 

integration of the quad-copter. The first step, after studying 

several types of UAVs models, was to select right components 

for the development process of the quad-copter. The 

appropriate parts include low-level controller that controls the 

UAV movement, UAV frame, motors, Electronic Speed 

Controllers (ESCs), brushless DC motors, propellers, and 

battery size and power that is carefully selected to overcome 

demanding power by whole UAV’s aviation electronics. 

Later, individual UAV parts are integrated and low-level 

UAV control program is downloaded to the controller. After 

that, the testing and calibration process are carried out to test 

the direction of propellers according to predefined direction 

and calibrate the equipment, which further includes 

calibration of ESCs, motors, and microcontroller. Several test 

was then conducted to test UAV fly according to instructed 

directions. After that, pollution sensors were installed on the 

quad-copter’s arms. Finally, several measurement are 

acquired at different areas and atmospheric layers. 

III. QUAD-COPTER INTEGRATION STEPS 

The required parts to develop complete quad-copter system 

are microcontroller, four electronic speed control “ESCs”, 

four motors each of 2450 KV, four Propellers and radio 

controller transmitter and receiver subsystems.  

The integration steps started by connecting electronic speed 

control (ESCs) to the frame board, microcontroller, and the 

motors. The motors are then connected to quad-copter’s 

frame. Next, RC receiver are connected to the microcontroller 

after complete programming the controller for quad-copters 

x-configuration. Thrust is created by the four propellers, 
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which are driven by the four motors. Tests were conducted at 

this step to insure that any two motors in same axis have to 

rotate in same direction (for instance, clockwise direction) 

and reverse to other two motors in the other axis 

(counter-clockwise direction). 

IV. PROPOSED LAYOUT OF THE QUAD-COPTER 

The proposed system consists of a microcontroller that 

Controls by movement of the quad-copter. It is used to 

stabilize and balance the UAV because the controller contains 

gyro and accelerometer sensors. The microcontroller is 

connected with RC receiver, which receives guidance 

information received from RC transmitter and passes them to 

microcontroller and accordingly the controller changes 

movement of quad-copter by controlling the speed of motors 

that use ESCs. The function of ESCs is to control the speed of 

motors. Fig. 1 shows the basic layout overview of the 

developed quad-copter.  

Different kinds of air quality and pollution sensors are used 

and integrated with on-board UAV’s sensors. This is to sense 

levels of different kinds of air pollution parameters at 

different altitudes. 

 
Fig. 1: Basic layout of the overall Quad-copter 

A bidirectional Bluetooth communication link is developed 

to communicate with a ground station. The work also 

considers development of an effective operator interface. This 

is to further analyse received data, extract useful information 

and monitor air pollutions levels. 

V. QUAD-COPTER OPERATION AND CONTROL 

The RC Transmitter is used to control quad-copter 

movements in different modes and directions, involving up, 

down, left and right movement commands for the 

quad-copter. These movements can be achieved by changing 

the speed of motors.  

In order to instruct UAV to fly to either left or right, a Yaw 

command is issued to rotate the head of the quad-copter. In 

this case, the autopilot controller spins two motors that are 

located in one line faster than two other motors in 

perpendicular line to generate enough thrust to rotate the 

UAV at the designated direction. 

To control the forward and backward movement of the 

UAV, the autopilot controls the pitch angle according to 

commands set by a remote operator through the RC 

transmitter’s aileron stick. When a forward command is 

issued, the autopilot force the quad-copter to tilt by 

slow-down the two propellers in front and speed-up the other 

two propellers in the back. Similarly, in case of backward 

movement, the autopilot speed-up the front propellers and 

slower-down the two in the back. 

Finally, right and left manoeuvres of the quad-copter are 

controlled by the roll angle. Upon receiving left command 

from RC transmitter’s aileron stick, the autopilot instruct 

UAV to fly right or left by increasing the thrust of two 

adjacent propellers while decreasing thrust of other two 

propellers. 

VI. AIR POLLUTION SENSORS 

In this paper, we use different kinds of air quality and 

pollution sensors, including: MQ7,MQ6, MQ3,and MQ135 

as presented in Fig. 2 below. 

 

 

Fig. 2: Used types of air quality and pollution sensors 

 

VII. QUAD-COPTER OPERATION AND CONTROL 

After completing the development and integration of 

quad-copter parts and calibration process for the 

microcontroller and the ESCs, we deployed it in different 

flying scenarios and monitored pollution levels at different 

atmospheric layers.  

The results show better UAV performance and more 

accurately response to the control commands set by the RC. 

However, we faced other problems regarding synchronized 

movement of all propellers. Therefore, we decided to replace 

all ESCs and after testing the UAV, the results show correct 

response of the UAV according to desired commands issued 

by the operator.  Fig. 3 shows the final version of the 

developed quad-copter with the set of MQ sensors. 

 
Fig. 3: Final version of the developed quad-copter with set of 

MQ sensors 
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The system consists of a microcontroller, which is the heart 

of the multi-copter that controls the movement of the UAV. It 

is used to stabilize and balance the UAVs because the 

controller contains gyro and accelerometer sensors. The 

microcontroller is connected to a receiver, which receives the 

incoming routing information from the transmitter and passes 

it to the microcontroller accordingly. The control of the 

quadcopter movement changes by controlling the speed of the 

motors using ESCs. The ESCs were successfully calibrated to 

provide zero throttle for the propellers at no command, stable 

throttle value at hovering, and full throttle value to maximum 

motor applied current to rotate the propellers at maximum 

speed. 

VIII. DEVELOPED GUI FOR AIR POLLUTION MONITORING 

We developed a program in Visual Basic act as a graphical 

user interface (GUI) for a remote ground operator to display 

the results of the sensors attached on board of the UAV. Four 

different air-pollution sensors were used to sense pollution 

levels. The sensed data was transmitted via Bluetooth link to 

the ground station.  

After testing in one of the nearby areas, we got results on air 

pollution. These results were transferred to the PC via the 

Bluetooth link connected to the UAV. Fig. 4 shows the 

developed GUI with a sampled air-pollution data. The 

received data can be displayed and saved in an Excel 

document format. This allows to off-line analysis to the data 

for further extracting useful information. 

 
 

Fig. 4: Development VB.net graphic user interface. 

IX. CONCLUSIONS 

UAV can be used as a new platform for remote sensing of 

chemicals in the environment at different altitudes, to provide 

wide-range air-pollution information monitoring tool. In this 

paper, a convenient mobile tool to measure and remotely 

monitor air-pollution levels at different altitudes was 

developed. Therefore, distribution of air-pollution levels can 

be extracted for a specific region. A quad-copter in 

X-configuration, equipped with sensors utilized  for  detecting 

air pollutions are developed and integrated. A convenient 

graphic user interface was also developed to remotely monitor 

and determine air pollution levels, and provide a way to save 

pollution data for further offline processing and analyses. 

Results show the successful implementation of the 

quad-copter to fly according to set commands. The results 

also show the successful implementation of GUI to read 

acquired on-board air-pollution data and display it in a 

convenient way to the ground operator. 
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