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Abstract
This paper presents a reliable and low cost greenhouse gas measurement system. The system
mainly consists of an unmanned aerial vehicle (UAV), a set of calibrated sensors, a wireless
system, and a microcontroller. The system can measure the concentration of greenhouse gases
namely carbon dioxide (CO2), methane (CH4), and ozone (O3) at different altitudes. It can also
measure temperature, humidity, and atmospheric pressure. The system is able to send data to a
remote monitoring station. The UAV is equipped with image processing based navigation and
landing system so that it can land autonomously on a designated place. To ensure safe landing
the system uses a specially designed parachute. This paper also presents some data generated
by the system.

Keywords: Arduino, global warming, greenhouse gases, measurement, navigation, landing,
sensors, UAV, wireless, sensors.
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1. Introduction
Environmental pollution has existed since industrial revolution and has become an issue of
serious international concern in the recent years. Researchers, from academia and industry,
are investigating the causes and effects of environmental pollution. The toxic substances (i.e.,
pollutants), released into the ecosystem, are polluting the environment. As the world’s
population continues to grow, so does these toxic substances. Researcher and scientists have
categorized these toxic substances as soil, water, and air pollutants.
Soil pollutants affect the Earth’s surface. Heavy metals including cadmium, chromium,
pesticides, organic chemicals, and radioactive materials cause soil pollution. Water pollutants
affect the Earth’s water sources. Mercury, nitrates, phosphorous, fecal coliform and bacteria
cause water pollution. Air pollutants affect the Earth's atmosphere. Ozone, particulate matter,
carbon monoxide, nitrogen oxides, sulfur dioxide and lead mainly cause air pollution. Among
these pollutions, mentioned above, air pollution has become a serious concern now.
Until now, air pollutants are causing the most harmful effects on our environment. Air
pollutants enter into the atmosphere through industrial processes including generation of heat
and power, treatment and disposal of solid wastes, and emission from vehicles. Among these,
emission from vehicles alone generates approximately 60% of all air pollutants. Researchers
and scientists have named carbon dioxide (CO2), methane (NH4), nitrous oxide (N2O), water
vapor (H2O), and Ozone (O3) as major air pollutants. These pollutants are also called
greenhouse gases (GHGs). The GHGs trap long wave radiation emitted by the Earth’s surface
and make it habitable [1]. Among these GHGs, the CO2 worries us the most. The
unprecedented consumption of fossil fuels is generating a huge amount of CO2 and is
polluting the atmosphere at a very alarming rate. In the recent years, the GHGs are trapping
more heat on the Earth’s atmosphere [2] and are causing global warming. The global
warming is affecting our existing ecosystem and biodiversity [3,4,5]. According to the
scientists, the Earth's surface temperature is rising and it could exceed all historical values by
2047 [6, 7, 8]. Hence, it is very important to monitor the temporal and spatial variation of the
concentration of these GHGs in the atmosphere. In this work, we present an Unmanned
Aerial Vehicle (UAV) based greenhouse gas measurement system to monitor the levels of
GHGs in the environment.
Numerous greenhouse measurement systems have been reported in the literatures. These
systems use different methodologies. Measuring greenhouse gases using UAV is one of them.
The major limitation of these existing systems is that they use high tech UAVs equipped with
sophisticated sensors and instrument. Hence, these systems are quite expensive. To overcome
this limitation we use a cheap Quadcopter (Phantom 3 Advanced) in this work. The Phantom 3
Advanced is a small aerial vehicle with four propellers attached to four motors located at the
cross frame as shown in Fig.1. These four motors control the UAV’s motion. In this work, we
equip the UAV with a set of gas sensors and microcontroller. We also develop algorithms for
controlling the flight. The present system is able to measure the concentration of the GHGs
namely CO2, CH4, and O3 at different altitudes (allowed by the local aviation authority). The
system is also able to send the data to a remote monitoring station. The system is able to store
the data in an on-board SD memory card. We have developed a landing and navigation system
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for this system so that the UAV can land in a specific landing place after completing the
mission. To ensure safe landing we have designed a parachute for the UAV.

Figure 1. The Quadcopter system.
The rest of the paper is organized as follows. Section 2 presents some related works.
Section 3 presents the design of flight controller. Section 4 presents the greenhouse gas
measurement system. Section 5 presents experimental results. Section 6 and section 7 present
the landing system and parachute design respectively. Section 8 concludes the paper.
2. Related Works
Now-a-days, the UAVs are being used in many applications including public safety,
disaster management, scientific research, agriculture, and environment [9,10]. In this section,
we present some recent UAV based greenhouse gas measurement systems that are available in
the literatures. This section also presents the limitations of the existing related works and
discusses the advantages of our present system over other existing systems.
Raymond Hunt et. al. present a radio-controlled aircraft based plantation monitoring
system in [11]. The main target of this system is to monitor the growth of plantation in a
cornfield. The aircraft, equipped with an infrared camera, flies over the cornfield and captures
images of the same. Based on these images, the system calculates NDVI (Normalized
Difference Vegetation Index). The NDVI measures the growth rate of the plantation.
András Molnár1 presents a comprehensive system in [12]. It consists of a carrier device,
measurement system, and software program. The system monitors a small area at low altitude.
The system is able to detect pollution level over the time. It is also capable of measuring and
recording air quality parameters including humidity, temperature, dust, radiation, and chemical
pollution with a high geographical precision. The system is also able to send data to a ground
monitoring system. Based on the data the system generates a 3D map illustrating the
distribution of air pollution level over the observation area.
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Acevedo et.al. use a fleet of heterogeneous UAVs, with limited communication range, in
[13]. The main goal is to detect a pollution source. To fulfill this goal the system divides the
area into small areas and the UAVs fly over the areas. Once a source of pollution is detected,
the whole fleet informs each other about it. A sufficient condition has been derived for this
purpose so that the whole fleet can share information regardless of propagation constraints.
Kingston D. et al. present another similar work in [14]. In this work, a decentralized
multiple-UAV approach has been used for perimeter surveillance. This perimeter surveillance
monitors forest fire. Two basic perimeter topologies, circular and linear, have been
investigated in this work. The proposed system is able to gather data at all points on the
perimeter and transmit that data to a base station for further analysis. To ensure accuracy of
the surveillance the UAVs are spread uniformly along the perimeter.
Maza I. et. al. present a similar surveillance system in [15]. The system is consisting of
autonomously distributed UAVs, wireless sensor/actuator networks, and ground camera
networks. The system architecture is designed based on task allocation, conflict resolution,
task decomposition, and sensor data fusion. The system operates in disaster management
scenario. The system is made suitable for four different missions namely fire confirmation,
surveillance, fireman tracking, and load transportation.
Viguria A. et. al. present another similar work in [16] for emergency management
application. The system coordinates aerial and ground robots for surveillance. The authors
have presented a distributed market-based algorithm, called S + T. By using this algorithm,
the robots can provide transportation and communication relay services dynamically to other
robots during an emergency mission. The test results show that the heterogeneous robots
(aerial and ground) are able to detect fire by cooperating with each other. The system is also
able to extinguish the fire.
Laliberte A.S. et. al. use two UAVs in [17] for rangeland mapping, assessment, and
monitoring. These UAVs, equipped with GPS guidance capability, can detect a pollution
source over a large area. One of these UAV is a modified model airplane. It is able to fly
along preloaded waypoints and acquire images with a digital camera. The other UAV has full
autonomous flight capability and is equipped with color video and digital cameras. These two
UAVs provide a data file containing GPS and elevation for each image. Both systems acquire
high quality and high-resolution images at 150m flying height.
Sidek O. et. al. present a work in [18] that is similar to our present work. They present a
prototype system for monitoring and computing the GHGs with an UAV. The system uses the
ZigBee technology to transfer the data. The UAV also acts as a router and it sends data again
to a data logger. In this system, an ATMEGA328P microcontroller is used. This
microcontroller is programmed to measure the concentrations of CO2, O2, temperature, and
humidity at different altitudes. The system measures all these environmental parameters on
real time basis and stores data in SD card for every 30 seconds interval.
Malaver Rojas et. al. propose a solar powered UAV system in [19]. The system uses a
Wireless Sensor Network (WSN) and it can measure greenhouse gases in agricultural lands.
The system uses a generic gas sensing system using infrared sensors. The major advantage of
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this system is that it is eco-friendly because of its solar power source. The system is also
associated with a data management system, which stores, analyzes, and shares the
information with operators and external users. The test results show that the system is able to
collect, store, and transmit data in real time.
Chris Hugenholtz, and Thomas Barchyn present a small drone in [20] to measure
atmospheric concentration of CH4. This small drone is equipped with a gas detector to measure
CH4 plume from a controlled source. The field-test results indicate the system is able to locate
accurately the source of CH4 emission. The major limitation of this system is its high cost.
Juan Jesús Roldán et. al. present another similar work in [21]. They present the design,
construction, and validation of greenhouse gas monitoring system. The system consists of a
sensory system placed on a four-rotor mini-UAV. The system measures temperature, humidity,
luminosity, and CO2 concentration. It also produces a map based on these parameters.
One of the common limitation of the above mentioned systems is that they all use high tech
UAVs equipped with sophisticated sensors and instruments. Hence, they are very expensive.
In addition, these systems are difficult to install and configure. To overcome these limitations
we present a novel greenhouse gas monitoring system in this work. We use programmable
UAV in this work. The UAV is able to navigate autonomously. After completing the mission,
the UAV is also able to land on a designated landing place. To prevent damages, while
landing, we have designed a special parachute for the UAV.
3. Flight Controller Design
The main component of the present system is a Quadcopter as mentioned above. It has four
propellers attached to four motors located at the cross frame. The speeds of these motors are
varied to control the direction of flight. In this work, we develop a program for an Arduino
microcontroller to control the flight. The flowchart of this program is shown in Fig.2.

Figure 2. The Quadcopter Arduino-based flight controller.
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We adopted two options to control the flight. In the first option, we design the flight
controller by using a PID controller as shown in Fig.2. We tune the PID controller (see Fig. 3)
by the following algorithm.
1.
2.
3.
4.
5.
6.

Set Ki and Kd to zero, and increase KP.
Decrease the value of KP by 50%.
Increase the Ki until the Quadcopter starts vibrating.
Decrease the value of Ki by 50%.
Increase the value of Kd until the Quadcopter becomes stable.
Decrease the value of Kd value by 25%.

However, the tuning procedure mentioned above makes the Quadcopter to oscillate. To
improve the flight performance we convert the PID controller into a PD controller by setting
the Ki gain to zero. The PD controller takes derivative from the system’s output instead of the
error signal and hence it can cope with sudden change in the error signal. The PD results in
reducing the oscillation of the UAV during takeoff.

Figure 3. The PID Controller [22].
In the second option, we use the MultiWii [23] software to control the flight. The MultiWii
is a general purpose, free, and open source program to control flying RC models. Initially, the
MultiWii is introduced on a Wii Motion Plus extension and an Arduino Pro mini board. From
a very simple, cheap, and minimalist flight controller the MultiWii has now matured and it
supports all expected features including GPS navigation. The programming environment of
the MultiWii is shown in Fig.4. In order to build the MutiWii flight controller we follow the
steps mentioned below.
1. Start the MultiWii program.
2. Select the port (to connect with Arduino).
3. Press the start button to start reading the values for roll, pitch, and yaw.
4. Calibrate the gyroscope by pressing the CALB_ACC button.
5. Start calibrating the PID gain by pressing the READ button.
6. Change the PID gains and fly the Quadcopter.
7. Keep changing the PID gains until the Quadcopter is stabilized.
8. Open the MultiWii source code with the Arduino platform.
9. Select the com port used by the MultiWii configuration program.
10. Uncomment the multi-rotor module and the gyroscope module.
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Figure 4. The MultiWii Programming menu.
We carefully select two important parameters namely RC rate and RC expo for MultiWii.
The RC rate defines the sensitivity of the Quadcopter’s pitch. One needs to adjust this
parameter to make the Quadcopter less reactive. The RC expo defines a smoother range at the
center of pitch. Compared to the PD controller we achieve a better control of the Quadcopter by
using the MultiWii program.
4.

Greenhouse Gas Measurement System

In this section, we explain the greenhouse measurement system. The present system uses
three gas sensors namely the MQ 135, the M131, and the MQ 4 to measure the concentration
of CO2, O3, and CH4 respectively. In addition, we use two more sensors namely the DHT 11
and the BMP 180. The DHT 11 sensor measures temperature and humidity. On the hand, the
BMP 11 sensor measures air pressure. To reduce the payload we use compact, low power, and
lightweight laser-based sensors. The overall mass of the sensors is around 200 gms including
batteries. Each sensor consumes less than 2W of power. The sensors are battery operated and
are capable of fully operating for a long time in diverse sensing environments.
To produce accurate data we calibrate the sensors before deployment. We use a power
regression analysis for this purpose. We extract points from the sensitivity curves supplied by
the sensor manufacturer and then we derive an equation from these points. The system uses
this equation to measure the gas concentration. We use a general equation expressed by (1)
for regression analysis.

ρ = A× xB

(1)
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,where ρ is the gas concentration in (ppm, or ppb), A is a scaling factor, B is an exponent, and
x=Rs/R0. The R0 is the sensor resistance in clean room condition. Equation (2) determines the
sensor resistance Rs.
 Vcc

Rs = 
 V − 1
 RL
 0


(2)

, where Vcc is the input voltage, Vo is the output voltage, and RL is the load resistance (10 KΩ
- 47 KΩ). The sensor measures the gas concentration and generates an analog signal. An
Analog-to-Digital (ADC) converter then converts the analog signal into a digital signal.
To calibrate all the sensors we follow the same procedure. We will mention the calibration
of the MQ 131 sensor here only. To calibrate the MQ 131 sensor, we use the sensitivity curve
provided by the manufacturer. The sensitivity curve is shown in Fig.5. By extracting the
points from this curve we plot a similar curve by using Excel (see Fig.6). Based on this plot
we derive (3).
 Rs
 R0

ρ ppb = 24.986 × 






−1.289

(3)

Similarly, based on the data sheets we derive the expressions, (4) and (5) for the MQ 131
and MQ 4 gas sensors respectively. After measuring all these parameters (i.e., CO2, CH4, O3,
temperature, humidity, pressure, and altitude), the system saves data in an onboard SD card
module.

ρ ppm

ρ ppb

 Rs 
= 108.6 × 
R 

 0 

 Rs 
= 1079.3 × 
R 

 o 
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(4)

−2.736

(5)
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Figure 5. The MQ 131 Sensitivity Curve.

Figure 6. The plot of gas concentration for MQ 131 sensor.
5. The Results
By using the system, we measure the air quality parameters of a local city (i.e., Fujairah) on
March 30, 2016. The variations of temperature and pressure over a span of 24 hours are
shown in Fig. 7. It is depicted in Fig. 7 that that the temperature varies between 190C to 320C
over the observation period. It attains highest temperature around 2 p.m. and it shows lowest
at 4 a.m. However, humidity varies widely over the day. It becomes minimum around 11 a.m.
The maximum humidity occurs around mid-night. The air pressure shows minimum (i.e.,
1012.5 mb) around 10 a.m. It becomes maximum around 4 p.m.
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Figure 7. The variation of temperature, humidity, and pressure.
The variation of the greenhouse gases namely CO2, O3, and CH4 are shown in Fig. 8.
Among the greenhouse gases, the concentration of CO2 is the highest during the rush hours
(i.e., 4 p.m. to 6 p.m.). It achieves 1350 ppm around 5 p.m. The amount of CO2 also varies
with time and it attains maximum value around 2 p.m. This figure also shows that the
concentration of O3 varies widely with respect to time. It attains a maximum value of 23 ppb
during the morning rush hour.
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Figure 8.

The air quality parameters variation.

We also measure air quality parameters at different altitudes. Table 1 shows a sample data.
The data show that the greenhouse gas concentration varies with respect to altitude. It also
shows that the concentration of CO2, O3, and CH4 are the highest at the ground level due to
heavy traffic. However, the concentration of these gases decrease with the altitude. We limit
our effort to measure greenhouse gases up to 200m because of the restriction imposed by
local aviation authority.
Table 1. Measurements in University area on Tuesday 4/4/2017 at 10:00 am
(latitude: 25.133027, longitude: 56.293559)
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6. The Landing System
After measuring the greenhouse gas concentration, the system can land in a designated
landing place. We have designed a CanSat for this purpose. By using the CanSat, the system
is able to do autonomous landing on a predetermined landing location. The CanSat uses a
parachute (which is described in the next section) to control the position of the UAV as well
to ensure a safe landing. The landing location has special markers on it. It consists of circular
marks as shown in Fig.9.

Figure 9. The Color based landing Pad.
In this work, we use a Raspberry PI 2 for designing the landing system. The Raspberry PI
is a low cost computer that runs at 900 MHz with an ARM Cortex-A7 CPU and quad-core
processor. It has a CSI camera interface that captures images with a resolution of 5.0 MP. In
this work, we use this Raspberry PI computer to perform all the tasks related to image
processing algorithm and to send control (navigating) commands. We use an open source
image processing library called OpenCV [24] for this purpose. We mount a camera at the
bottom of the CanSat to capture a top view of the landing location. An Arduino
microcontroller navigates the CanSat. The Arduino microcontroller also sends data regarding
date, time, altitude, and temperature to a ground station.
For the target tracking, the system uses an image processing algorithm. There are a number
of image recognition and identification algorithms available in the literatures. For the sake of
simplicity and fast processing we use Kernel based tracker in this project. The Kernel-based
trackers are classified into three main classes namely template trackers, multi-view
appearance model tracker, and density-based tracker. In this work, we use the template based
tracker [25]. This is a color based tracking method that uses range thresholding and contour
detection. We use two micro servomotors to steer the CanSat. These servomotors are able to
change their shaft from 0-180 degrees by using pulse width modulated signal generated by
the Arduino. The shaft extends and shortens the length of a robe connected to the parachute.
This change in the length of the robe causes the CanSat to move in a given direction.
An Arduino microcontroller controls these servomotors. The microcontroller also measures
the internal temperature of the CanSat using an LM35 temperature sensor. The other
functions of the microcontroller include deploy the parachute, parse data from a GPS module,
and provide data to the XBee radio module. The GPS module receives data about time, date,
and altitude from the satellites. Finally, the microcontroller parses all these data and feeds to
an XBee radio module. The XBee radio module is a communication device based on the
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IEEE 802.15.14 protocol. The main purpose of this radio module is to transmit all the data to
a ground station. Two 3.7V Lithium Ion batteries supply the power for the whole system.
Each of these batteries has current rating of 2700 mAh.
We develop a program for finding the target, identifying the target, and sending control
commands to the Arduino microcontroller using the GPIO pins of the Raspberry PI. During
initialization steps, the library initializes the python’s OpenCV library and establishes
communication to the Raspberry PI camera. Once the communication is established, the
processing sequence starts its recognition and localization. All the processing sequences are
summarized in the following steps.
1. Grab RGB frame from the camera.
2. Convert the RGB image into HSV.
3. Create a filtered binary image.
4. Get the contours.
5. Calculate the maximum area.
6. Calculate the position.
7. Send control commands.
Once the frames are captured, the program converts the image from RGB to HSV and the
landing pad looks similar to the one shown Fig.10. Then the program performs color filtering
and generates a binary image (a black and white image). Fig.11 shows the resultant image
after performing color filtration. The next step is to find the contours. The OpenCV provides
methods to find the contours in an image. In order to find contours, the program uses the
binarized image to obtain the edges.

Figure 10. The target after HSV color space conversion.
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Figure 11. The masked image (for blue color).
There is always a chance for extracting more than one contour while identifying the target
landing location. We solve this problem by calculating and choosing the maximum area of
the contour. The position of the target is calculated by first drawing a bounding box on the
region of interest and then calculating the center of a bounding box by taking the size of the
window as a reference (for maximum and minimum values of the position). We use the
moments of contour by using Green’s formula. We use (6) to calculate the moments.
m ji =

∑ A( x, y ).x

j

.yi

(6)

The central moments are calculated by
mu ji =

∑ A( x, y ).( x −x )

j

.( y − y ) i

(7)

x, y

, where

is the mass center and defined by

Then we calculate the normalized central moments by

nu ji =

mu ji
m00

(8)

( i + j ) / 2 +1

We use a set of control commands to locate the target position. This decision is made based
on a simple calculation from the vertical and horizontal values of the center of the target. We
use four commands for this purpose. A ‘left’ command is sent when the position on the x-axis
is less than 298. A ‘right’ command is sent when the position on the x-axis is greater than 388
otherwise the target is around the center on the horizontal axis. The other commands are
‘front’ and ‘back’. The ‘front’ command is sent when the position on the y-axis is less than
258 and the ‘backward’ command is sent when the position on the y-axis is greater than 218.
If all these conditions are fulfilled the system determines the center of the landing place.
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We conduct a number of experiments to make sure that the CanSat can land on the
predefined target autonomously. Fig.12 shows one of the conducted experiments. The red
rectangles in Fig.12 show the parts of a frame that needs to be tracked and landed on. The
landing system has been experimented in a real life scenario. The experimental results show
that the CanSat can track and land on a predefined colored landing pad. During the landing,
the system is able to process up to 25 frames per second. This frame rate is sufficient for
making a decent decision for the navigating command.

Figure 12. The sequence of frames during the tracking process.
7. The Parachute Design
The system uses a parachute to control the descent speed and to control the path followed
by the UAV. We use a strong, thin, and flexible nylon material to make this parachute. To
calculate the size of this parachute, we use the specifications mentioned by a local IEEE
Industrial design project (IDP) competition. According to the specifications, the CanSat will
be at 90m height and it should reach the ground in maximum 60s. For this purpose, we use (9)
to determine the descent velocity.
v=

90
60

m/sec

(9)

According to the law of gravitational force, we calculate the dragging force for the CanSat by
F = mg

(10)

To descent at constant speed (which equals the terminal velocity), the parachute applies a
force called the drag force, Fd opposite to the gravity force, Fg. Hence, we have to satisfy the
condition express in (11).
Fg = Fd

(11)
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mg = 0.5 ρC w v 2 A

,where ρ is local air density (1.255 Kg/

(12)

),

Cw is the drag coefficient of the parachute , v is

the terminal velocity and A is parachute area. Therefore, we calculate the parachute area by
A=

mg
0.5 ρC w v d

(13)

Thus, we determine the minimum area = 0.276 m2, and maximum area = 2.4 m2. We
designed the CanSat according to the competition dimensions (i.e., width and
depth=85mm±1mm and height=160mm±1mm). We use hard and strong cardboard as shown
in Fig.13 to sustain any kind of crashes or blows that may occur due to landing.

Figure 13. The mechanism of the parachute deployment system.
For controlling the direction or the path of descent, we use two controllers. One is the
Raspberry PI for the image processing to locate a target on the ground. The other one is an
Arduino Uno to control the servomotors and transmit data into a ground station. We
developed two programs for both of these controllers. The flowcharts of these two programs
are shown in Fig.14 and Fig. 15 respectively.
Based on the control commands received from the Raspberry PI the CanSat navigates as
follows. The system receives the commands as a serial binary data using three pins from both
the Raspberry PI and Arduino. The servomotors are controlled by using the voltage levels at
the pins. Initially, both the servomotors will be at 90°. When any of the navigating commands
is received, one of the servomotors will change its position to 0° in order to shorten the length
of the robe attached to a parachute and these results in moving the CanSat into the desired
direction. The servomotors need a PMW signal to vary their position. This signal is generated
by using the servo library of Arduino. The flowcharts show all other tasks performed by the
Arduino microcontroller.
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Figure 14. The flowchart of the Arduino steering system.

Figure 16. The flowchart for image processing and navigation system.
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8. Conclusion
This paper presents a greenhouse gas measurement system. The system uses a cheap
Quadcopter instead of expensive UAVs. The system measures the concentration of the GHGs
at different altitudes. In addition, the system also generates data about temperature, humidity,
and pressure. An on broad SD card records the data for later access. The system also
transmits data to a ground station.
We implement two options for controlling the Quadcopter. The first option uses a PID
algorithm. The second option uses the MultiWii configuration program. We integrate the
system with a CanSat. This Cansat ensures safe landing of the system. To prevent damage
during landing we use a specially designed parachute, which is controlled by an Arduino and
two servomotors.
We test the system to measure greenhouse gases at different altitudes. The test results show
that the system is able to measure greenhouse gases at different altitudes and environment.
After completing the mission, the Quadcopter is able to land on a designated landing location.
We develop an image processing based navigation and landing system. We use a Raspberry
PI computer to execute the image processing algorithms.
In this work, we have measured greenhouse gas concentration in few selected locations. In
order to monitor the environmental pollution level in the Arabian Gulf regions, we need to
measure air quality parameters for an extended region in future. We use some commercially
available sensors in our work. In order to make the system cost effective we need to replace
these sensors with some low cost sensors. Recently, many innovations have been done in
designing and manufacturing of low cost and reliable sensors. Some of these sensors can be
found in the literatures [26-27]. In our future work, we will use these types of sensors in the
present system.
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