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Abstract— Air pollution is a condition in which air quality is damaged and contaminated with substances that are harmful to living
things. Along with the increase in the number of motorized vehicles and industrial areas in Indonesia can increase the level of air
pollution. Generally, monitoring systems for air pollution are carried out using gas sensors at certain points. However, this method
takes a lot of time and cost, as well as low spatial resolution for a wide area. The quadcopter is a type of Unmanned Aerial Vehicle
that can move automatically according to the tracking system based on the waypoints of the Global Positioning System. In this study,
a quadcopter equipped with a gas sensor is used to map air pollution levels. Mission Planner software is used to determine the
waypoints of the quadcopter. The proportional-integral-derivative (PID) control is used to maintain the altitude of the quadcopter
while hovering. The gas level can be stored and accessed online on the webserver, in which the results of the gas mapping are
displayed on Google Earth. The experiment results show that the measurement of carbon monoxide using the semiconductor gas
sensor has an error of 9.6%. The quadcopter can route all the provided waypoints for its navigation. The quadcopter can also
maintain the height according to the offered altitude setpoints with a steady-state error of 21.4 % and 15.75%, respectively.

Keywords— air pollution; gas sensor; global positioning system; quadcopter; waypoints.

neurodevelopmental outcome [4]. The impact of outdoor air
I. INTRODUCTION pollution exposure for both short and long terms can result in
mortality and morbidity of people with COPD [5]. The
ambient air pollution with increased concentrations gf O
NO,, and delicate particulate matter (P§in the short term
can be one of the triggers of asthma symptoms [6]. Long-
quality dropping to a certain level. Many large cities have term exposure to soft p_articulate matter has more influence
ambient air pollution concentrations exceeding the standard<”" _mortallty fr(_)m card_lovascular disease th"?m. from non-
allowed by the World Health Organization (WHO). Air mallgnz_;mt respiratory (_1|sease_ [7]. Th_erefore, It Is necessary
pollution in cities is mostly contributed by the transportation to monitor the d|str|but_|onlof air po_llut|on levels regularly n
sector [1]. Uncontrolled population growth and lack of mass outdpor areas to maintain poIIutlon Ievgls be'O.W the ar
transportation exacerbate this level of pollution. The rest is uality guidelines. One way to monitor air pollution is by

produced by the industrial sector [2] and household airusmﬁéjl Wire_less S(;,']I’ISOI‘ netvgork ]ES]'[]'O]' HO\(/jvevefr, tlhis
pollutants [3]. The major air pollutants are carbon monoxide method requires a huge number of sensor nodes for large

(CO), ozone (@), nitrogen dioxide (N, and sulfur dioxide areéa Coverage. T_his measurement techniqug usuall_y has a
(SO,). The CO is a common contaminant found in indoor low spatial resolution. Mobile phones are equipped with gas
and outdoor environments produced by motorized vehicles, S€NSOrs as port_able_sensor _nodes "?“e_used to collect air
cigarette smoke, and gas stoves. Reducing the use of foss&‘ollutlon data with high spatial density in real-time [11].

Air pollution, according to the Indonesian Government
Regulation for the Control of Air Pollution, is the inclusion
or exclusion of substances, energy, and other component
into the ambient air by human activities, which results in air

fuels such as oils and coal has an impact on the reduction o obile robo_ts are use_d to f|nd_ gas sources [12]-[14].
pollution produced by factories and households. The owever, this method is constrained by several obstacles
alternative energy that is renewable and consideredenﬁountereg 'Rthelf'\elldh. le (UAV) i f q
environmentally friendly can be geothermal, solar or biogas. , Uncrewed Aerial Vehicle (UAV) is a type of uncrewe

: : : ircraft that is useful for monitoring systems in an area.
Each exhaust flue should be equipped with a filter for aircra : :
particulate and gas treatment in order to produce clean air. Yertical Take-Off and Landing (VTOL) is one type of UAV

Ambient air pollution can be attributed to a variety of that uses many propellers to move. One type of VTOL is a

adverse health effects. The CO is associated with impaireoquadCOpter that has stability i.n remote monitoring. The
quadcopter can move automatically following the Global
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Positioning System (GPS) waypoint guidelines declared by
the user [15]-[17]. In this study, we have developed a
quadcopter based on the autonomous waypoint navigation
used to map the gaseous pollutant of CO in the air.
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Il. MATERIALS AND METHOD

A. Semiconductor Gas Sensor

The gas sensor is a device that measures gaseous
pollutants in the air. A metal-oxide-semiconductor is a type
of material commonly used as a gas sensor, having a size in —l
the range of 1 - 100 nm, in which this size affects its sensing g [ ]| L)
properties [18]. Fig. 1 shows the structure of the metal oxide S
semiconductor gas sensor of Sn@aterial. Electrons on the
sensor surface inject the atmospheric oxygen around it when ) I
the sensor material is heated at a high temperature €400
The oxygen ion is adsorbed on the sensor surface, which — ———r
forms a potential barrier at the grain boundary. This inhibits ——H2 I~
the flow of electrons and increases the resistance of the e = il N
sensor material, as shown in Fig. 2(a). When the surface of ——Alcahol
the material is exposed to reducing gases (e.g., CO), this ——==
adsorbed molecule reduces the potential barrier, allowing 0.01
electrons to flow easily and thereby reduce electrical
resistance, as shown in Fig. 2(b). This redox equation can be Fig. 4 Sensitivity characteristics of the MQ-7 [20].
expressed as:

Fig. 3 The MQ-7 gas sensor.
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B. Quadcopter System

The quadcopter is the development of a helicopter using
synchronization among the four rotors configured in a plus
CO + 04, (Sn0,) = CO, + (Sn0,)” (2) (+) frame. Two pairs of propellers have opposite swivel
directions, as shown in Fig. 5 (a). Variations in the speed of

concentration represented by an analog voltage, as shown ine rotors can change the lifting force and direction of the

Fig. 3. The sensitivity characteristic of the sensor is shown jnmovements, as showr_1 in Fig. 5 (b). The overaI.I block
Fig. 4, where Ro is a sensor resistance at 100 ppm CO irE:hagram of the electronic system on the quadcopter is shown

clean air, while Rs is a sensor resistance at various ga§n Fig. 6'. In this study, there are four brushless DC motors
installed in the chassis with a size of 55cm x 46¢cm.

1

MQ-7 is a commercial gas sensor to determine the CO

concentrations.
Sensor cap
Front
Sensing element
Sensor base .
\ /
>
Sensing material / A
(eg. SnO2) Gas sensor A -t
Lead wire
Heater i

Electrode

Fig. 1 The metal oxide semiconductor gas sensor.
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Fig. 2 The inter-grain potential barrier: (a) in the absence of gas, and (b) iNFig. 5 The quadcopter propeller: (a) motor rotation direction, and (b)
the presence of gas [19]. movement scheme.
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Fig. 6 Block diagram of the quadcopter system.

STM32F4 is a product of ST Electronics that allows users|
to perform various types of electronic experiments
STM32F407VG is based on 32-bit RISC ARM Cortex-M4,
which operates at frequencies up to 168 MHz The STM32F4=
converts the analog signal of the MQ-7 gas sensor into 0.00
digital data using its internal Analog to Digital Converter
(ADC). This processor is equipped with USART for sending
and receiving data with other devices.

Raspberry Pi is a single-board computer for teaching in 0 00 O 00
basic computer science. This computer is based on the Fig. 9 The Mission Planner software is used to provide the waypoints.
Broadcom BCM2835 system-on-a-chip, which consists of
the ARM1176JZF-S processor with speed ranges from 700 The Global Positioning System (GPS) is a satellite-based
MHz to 1.4 GHz, GPU Video Core IV, and 256 MB RAM. npayigation system that provides location and time
The main operating system on Raspberry Pi uses Debiannformation. GPS navigation requires a line of sight of four
GNU/Linux and the Python programming language. In this or more satellites. The U-Blox Neo M8N GPS module has
study, Raspberry Pi 2 is used as a data logger and web servejpeed, and horizontal position accuracy of 0.05 m/s, and 2.5
of the gas sensor. The 3G modem for online access to webn, respectively. The position data from the quadcopter is

socket is installed on the USB3 port. _ sent in real-time to the ground station via 433MHz-telemetry.
Pixhawk is an autopilot system integrated with the

processors of STM32F427 Cortex M4 core and is equippedC. Navigation of the Quadcopter

with sensors of gyroscope, accelerometer/magnetometer, The navigation system is an essential part so that the
accelerometer/gyroscope, and barometer. The Pixhawkquadcopter can move independently. This study implements
module has several pins for different functions, as shown ina position-based outdoor navigation system using the

Fig. 7. This module reads sensor data and drives the fouwaypoint method determined by the operator. Therefore, the
motors to rotate the propellers according to the instructionsquadcopter can recognize the position based on the earth
of the flight controller, as shown in Fig. 8. coordinate system, correct the direction of motion, and

estimate the distances. In this study, mission planner
software is used to provide locations or waypoints that must

AIRSPEED

POWER be routed by the quadcopter, as shown in Fig. 9. These
12 (extemal compess, LED) waypoints are then entered into the Pixhawk controller via
e s 433 MHz-telemetry.
. USB.OF13 The proportional-integral-derivative (PID) method is
use often used to control a mobile robot or UAV movements
SER3 (GPS) . [21]. The PID equation can be expressed as:
JTAG
SER4 (NSH Shell) RESET FMU t de(t)
e = U@ = KO+ K [ et + K2 @)
ARM SWITCHALED 0

SPEKTRUM/DSM
Bz where K, K, and kK, are coefficients of the proportional,

¢ | | | I | l integral, and derivative, respectively. In this study, the PID
""""""" control is used to maintain the height of the quadcopter
NI while hovering, as shown in Fig. 10. This is necessary
v because the position of the quadcopter is often disturbed by

environmental factors, mainly the winds.

on
))

SBUS-out PWM-IO-8 | PWM-IO-1
RSSI-in

Fig. 7 The configuration of the Pixhawk flight controller.
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Fig. 10 The altitude control system for the quadcopter.

This control method is applied in the Mission Planner
software. For the altitude error, the proportional constant is
4.5 for all the roll, pitch, anglau movements. For rate error,
the proportional, integral, and derivative constants are 0.15,
0.1, and 0.004, respectively, for all the roll, pitch, gad
movements. For acceleration error, the values of all the
proportional, integral, and derivative constants are 0.15.

Carbon Monoxide Gas Sensor
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Fig. 12 The MQ-7 gas sensor response to CO concentration.

Concentration (ppm)

TABLE |

COMPARISON OF THEMQ-7 GAS SENSOR AND THECO METER.

I1l. RESULTSAND DISCUSSION

The design result of the quadcopter used in this

experiment is shown in Fig. 11. The calibration of the MQ-7

gas sensor is carried out with a vehicle exhaust gas sample

measured by a commercially available CO meter of AZ-

Instrument Model 7701. Fig. 12 shows the gas sensor

response to CO concentrations. From the trend line of the

sensor response, the gas concentration X (ppm) can beg

predicted by:

3.474635

= (0.43;92) @

Where Y is the output voltage of the gas sensor (volt), the

measurement of CO using the MQ-7 gas sensor has an erro

of 9.6%, as shown in Table I.

First experiment, the ability to fly of the quadcopter is

tested in area of 30m x 12m, as shown in Fig. 13. Table I

shows the waypoints routed by the quadcopter with the

altitude setpoint of 4 meters. These waypoints are displayed

CO-meter (ppm) Gas Sensor (ppm) Error (%)

3 3.02 0.70
10 7.62 23.79

7 21 22.98 9.45
32 32.61 1.89
40 43.12 7.79
53 59.48 12.22
65 73.09 12.45
73 81.69 11.90
85 97.58 14.80
100 106.31 6.30
114 117.00 2.63
136 120.16 11.64
151 123.62 18.12
165 131.56 20.27

' 211 237.92 12.76
264 257.20 2.57
322 297.17 7.71
350 351.81 0.52
383 401.55 4.84

Average Error 9.6

on Google Maps, as shown in Fig. 14. In loiter mode, the
quadcopter automatically attempts to maintain the current
position. At a certain position near waypoint 2, there is a gas
produced by combustion.

Fig. 11 The quadcopter used in the experiment.
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Fig. 13 Thelocationof testing the quadcopter for flying.

The experimental results show that the quadcopter can
follow all the provided waypoints, which are accompanied
by information about the CO gas concentration displayed on
Google Earth, as shown in Fig. 15. Meanwhile, Gb. 16
shows a detailed graph of the gas level against the time
displayed on the Plotly web server.



TABLE Il
THE GPSWAYPOINTS USED FOR QUADCOPTER NAVIGATION WITH A-
METER ALTITUDE SETPOINT

Altitude Control

v

4.5

No Mission Altitude | ) e Longitude S
(meters) &35

1 | Waypoint 1 4 -7.2843360 112.797474 ‘g 3
2 | Loiter (WP 2) 4 -7.2844315 | 112.79751¢ v 2~-’;
3| waypoint 3 4 -7.2845432  112.797529 £ e
4 | Waypoint 4 4 -7.2845512  112.797365 <
5 | Waypoint 5 4 -7.2844554  112.797341 05
6 | Loiter (WP 6) 4 -7.2843570  112.797410 0

o

10 20 50 60 70

30 40
Time (seconds)
—+—Barometer —*—Set Point

Fig. 17 The result of altitude control starting from take-off to landing of the
quadcopter for a 4-meter setpoint.

TABLE I
THE RESULT OF ALTITUDE CONTROL ON THE QUADCOPTER FORAMETER
ALTITUDE SETPOINT.

Set Point Barometer Altitude Error (%)
(meters) (meters)
4 3.372125 15.69
4 3.525146 11.87
4 3.561984 10.95
4 3.615825 9.60
Fig. 14 Declaration of the waypoints on Google Maps in the Mission 4 3.870860 3.22
Planner software. 4 2.431133 39.22
4 2.762876 30.92
4 4.491366 12.28
4 4.341257 8.53
4 2.760042 30.99
AverageError 15.75
TABLE IV
THE GPSWAYPOINTS USED FOR QUADCOPTER NAVIGATION WITH 8-
Pane s METER ALTITUDE SETPOINT
s No Misson | Altitude ) itude Longitude
it (meters)
U%‘Zl!?;??;ffla 1 Waypoint 1 3 -7.2843157 | 112.797487
2 Loiter (WP 2) 3 -7.2844088 | 112.797493
e Gogas 3 | Loiter (WP 3) 3 -7.2844793]  112.79745¢
Fig. 15 The result of gas mapping carried out by the quadcopter. 4 Waypoint 4 3 -7.2845312] 112.797399
5 Loiter (WP 5) 3 -7.2844550( 112.797342
€O Level Measurement 6 Loiter (WP 6) 3 -7.2843157] 112.797408§
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Fig. 16 The result of gas levels displayed on the Plotly web server.

Fig. 17 shows the barometer altitudes starting from take-
off to landing of the quadcopter. This quadcopter tries to
maintain the height according to the provided altitude
setpoint. The result of this altitude control has a steady-state
error of about 15.75%, as shown in Table III.

Fig. 18 The waypoints on Google Maps in the Mission Planner software.
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In the second experiment, the ability to fly the quadcopter TABLE V

is tested with the altitude SetpOint of 3 meters. Table IV and THE RESULT OF ALTITUDE CONTROL ON THE QUADCOPTER FORMETER
) ALTITUDE SETPOINT.

Fig. 18 show the waypoints that will be routed by the Set Point Barometer Altitude Error
quadcopter. There is a CO gas source laid near the waypoint (meters) (meter) (%)
2 as well. The quadcopter can follow the waypoints, as 3 2.16679 27.77
shown in Fig. 19, and the detailed graph of the gas level is 3 2242084 25.26
shown in Fig. 20. Fig. 21 shows that this quadcopter never| 3 2.434502 18.84
reaches the provided altitude setpoint with the steady-state 3 2.529316 15.68
error of about 21.4%, as shown in Table V. 3 2.233718 25.54
3 2.28914 23.69
3 2.331321 22.28
3 2.529316 15.68
3 2.409404 19.68
3 2.412192 19.59
AverageError 21.4
Gos vt 75 [V. CONCLUSIONS
o710 In this study, we have developed UAV to map the gaseous
e pollutant based on autonomous waypoint navigation. The
system consists of quadcopter equipped with metal oxide

>

semiconductor type CO gas sensor, Pixhawtroller, GPS,
radio telemetry STM32F4 and Raspberry Pi 2
microcomputers. Mission Planner software is used to
provide locations or waypoints. The PID control is used to
maintain the altitude of the quadcopter while hovering. The

Fig. 19 The gas mapping carried out by the quadcopter. information about the CO gas distributions is displayed on
Google Earth. The experiment results show that the
€O Level Measurement measurement of CO using the MQ-7 gas sensor has an error

of 9.6%. The quadcopter can route all the provided
waypoints for its navigation. The quadcopter can also
maintain the height according to the provided altitude
setpoints of 3 and 4 meters with a steady-state error about
R 21.4 % and 15.75%, respectively.
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