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Abstract 

To measure greenhouse gases in environmental atmosphere is a demanding task that requires long period of 
observation and large number of sensors. The integration of Wireless Sensor Networks (WSNs) and Unmanned 

Aerial Vehicles (UAVs) currently produce the best alternative to monitor large, remote, and difficult areas, as these 
technologies have the possibility of carrying specialized gas sensing systems. The aim of the paper is to study the 

development and integration of a WSN and an UAV powered by solar energy in order to enhance their functionality 

and widen their applications. A gas sensing system implementing nanostructured metal oxide (MOX) and non-
dispersive infrared sensors was developed to measure concentrations of CH4 and CO2. Laboratory, bench and field 

testing results demonstrate the capability of UAV to capture, analyze and geo-locate a gas sample during flight 

operations. The field testing integrated ground sensor nodes and the UAV to measure CO2 concentration at ground 
and low aerial altitudes, concurrently. Data collected by UAV was transmitted in real time to a central node for 

analysis and 3D mapping of the target greenhouse gas. The study highlights the importance of a solar powered UAV 
equipped with a CO2 sensing system integrated with a WSN. The system provides an effective 3D monitoring and 

can be used in a broad range of environmental applications such as agriculture, bushfires, mining studies, zoology 

and botanical studies using a ubiquitous low cost technology. 
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1. INTRODUCTION 

Large scale observation or estimation of gases produced 

by the environment, industry and agriculture is 

demanding task that requires long period of 

observation, large number of sensors, data 

management, high temporal and spatial solution, long 

term stability, computational sources, and energy 

availability. WSNs and UAVs are a good alternative for 

demanding tasks, although their development and 

availability is limited by factors such as sensor stability 

over long periods, energy availability when deployed in 

remote areas, payload weight for small Unmanned 

Aerial Vehicles (UAVs), management of data produced 

by sensor nodes and cost. 

  
 
 
 
 

 
 
 
Modern technical improvements in gas sensors, 
electronics, telecommunication, solar cells andavionics 
have made the possible development of WSNs and 
UAVs equipped with gas sensing systems  
for high spatial and temporal resolution. Such system 
have broad scientific and industrial applications 
including anthropogenic emissions of greenhouse gases 
(GHG) such as CO2 [1,2], as well as local pollutants 
from bushfires, cities, factories, and agricultural fields 
such as NO2 [3,4] and CH4 [5-7]. Practical application 
of WSNs has been proposed for monitoring fugitive 
CH4 emissions [6], coal fields or biomass degradation 
(landfills) [7], and NH3 and N2O gas releases from 
fertilizer use [8,9]. 
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UAVs can play a vital role in environmental gas 

sensing in remote areas due to their capability to carry 
instruments, sensors and collect data with high spatial 

and temporal resolution [10,11]. UAVs have already 

been used to this purpose; for instance, Watai et al. [12] 
reported on the development of a non-dispersive 

infrared (NDIR) sensing system on a small UAV to 
monitor atmospheric CO2. UAV platforms have also 

demonstrated promise for atmospheric chemistry field 

studies. For example, UAVs have been successfully 
deployed over volcanoes [13] and over the Arctic 

Ocean sea ice [14]. Recent advances in nanotechnology 

have benefited the development of MOX sensors 
facilitating the synthesis of novel classes of materials 

with enhanced gas sensing performance [15]. 
Unfortunately, water vapor concentrations in the lower 

atmosphere can vary by nearly four orders of magnitude 

and show extreme heterogeneity in space and time [16]. 
Carbon dioxide is the most important anthropogenic 

greenhouse gas, but local-to-regional emissions and 

sinks are complicated by a lack of high spatial 
measurements within the boundary layer. 

Likewise,while the overall atmospheric budget of 
methane is well   known, the spatial and temporal 

distribution of its emissions to the atmosphere are 

poorly constrained. MOX sensors have found wide 
spread commercial applications [17], and most WSN 

users employed commercial MOX sensors. Power is 

major issue for portable applications such as WSN and 
UAV because its availability limits their service life, 

reduces data collection and limits its applications. 
WSNs powered by solar energy have been developed 

[18], but their use for environmental gas sensing is 

limited. The concept of harvesting solar energy to 
power aircrafts in the field of UAVs has a long history 

and many solar powered aircraft have been successfully 

created [19, 20]. The UAV developed in this work 
pursuit flight endurance and the ability to power a gas 

sensing system simultaneously. The following section 
describes the gas sensing technology developed for the 

WSN and UAV. 

 

2. DESIGNING OF SENSORS 

2.1 Solar Powered WSN 

The four principal components of our wireless sensor 
node are the Fleck [22], which is a microprocessor with 
networking capabilities, the humidity sensor, the solar 
panel with its power management electronics and the 
gas sensing system. The WSN was created by using the 
Fleck network cards developed by CSIRO [21, 22]. The 
sensor board interface, microprocessor and 
communication capabilities of the sensor node were 
tested and reported in previous research papers [23]. 
Data collected from sensor nodes were stored and 
displayed on live web pages using the data management 

platform illustrated in Figure 1. The base node (Figure 
2) was equipped with a Fleck and connected to the field 
computer by USB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig-1: Illustrates  Fig-1: The design of a solar powered WSN and a 

UAV integrated to a data management platform for 
continuous monitoring of pollutant gases. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig-2:Wireless sensor node and base node 

configuration 
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3. POLLUTION MONITORING SYSTEMS 

FOR THE WSN 

3.1 Humidity Sensor:  

Humidity has an important influence on the 

performance of gas sensors, especially MOX sensors. 

Water absorbed on the MOX surface will not donate 

electrons to the sensing layers, lowering the MOX 

sensitivity [24]. Prolonged exposure of sensors to 

humid environments leads to the gradual formation of 

stable chemisorbed OH− on the surface causing a 

progressive deterioration of the performance of gas 

sensors [24]. Humidity interference is not expected in 

the SnO2 sensor used for CH4 samples, as the sensor 

temperature was higher than 200 °C, where 

molecular water is no longer present at the surface 

[23]. For this reason, the sensor node was equipped 

with a humidity sensor for studies where the sensor is 

kept at temperatures below 200 °C. A HIH-4010 

humidity sensor from Honeywell Inc. (Minneapolis, 

MN USA) was selected as this sensor produces an 

output voltage (~0.8–3.8 V) proportional and linear 

to the humidity percentage. The sensor board reads 

this signal using one of the ADC ports, and the data 

acquired is used to compensate any drift in the sensor 

baseline or sensor response, when the sensor works 

below 200 °C.  

 

3.2 Solar Power and Management 

The power electronics manage the energy provided 
by the solarpanel to supply regulated power to the 
sensor node (3.5‒6 V, 500 mA), recharge a standard 
lithium battery (3.7 V, 1200 mAh) with the surplus 
energy, and keep the solar panel working at the 
maximum power point (MPPT). The BQ 24030 
electronic chip from Texas Instruments Inc. (Dallas, 
TX, USA) [27] was selected and configured to 
develop this task, which bench testing and results 
were reported in previous published papers [21]-[23].  

 

3.3 MOX-CH4 Gas Testing  

MOX sensors developed by Brescia University and 

QUT (Queensland University of Technology) were 

tested at different CH4 concentrations. Laboratory 

results indicated that a tin oxide (SnO2) nano wire 

was the best candidate to be implemented in the 

WSN due to its appealing characteristic among the 

developed MOX sensors [25]. MOX sensors usually 

require working temperatures between 150 °C and 

400 °C to activate the chemical reactions leading to  

the resistivity change when interacting with gases. 

The fabricated sensor has an embedded platinum 

heater at the back of the sensor plate. After several  

outdoor experiments, it was found that the sensor 

baseline drifted due to environmental conditions such 

as humidity and correlation to other gases [26]. A 

drifty baseline affects the reliability of the sensor 

measurements and requires re-calibration procedures. 

This undesirable effects increase substantially in 

aerial applications due to higher wind speed and 

variable atmospheric conditions. The sensor response 

to CH4 concentrations was evaluated at QUT 

laboratories by using a high precision multi-channel 

gas testing system. The testing system includes a 

1100 cc test chamber capable of testing four sensors 

in parallel, eight high precision mass flow controllers 

(MKS 1479A, Andover, MA, USA) to regulate the 

gas mixture, 8-channel MFC processing unit (MKS 

647C), and a picoammeter (Keithley 6487, 

Cleveland, OH, USA). The measurements were 

performed with a mixture of synthetic air and CH4 

gas at different concentrations (up to a maximum of 

10.6 ppm of CH4 balanced in synthetic air), 25 °C, 

and 0 humidity. The right concentrations of CH4 gas 

in air were obtained by adjusting the respective flow 

rates via the MFCs, while maintaining a total 

constant flow rate of 200 SCCM (mL/min). The 

sensor heater was connected to an electronic board 

that executed the heating protocol described 

previously, and the picoammeter applied 1 bias volt 

to the sensor upon gas exposure in order to read the 

sensor resistance. The sensor was left in the test 

chamber overnight under dynamic flow of synthetic 

air, which helps to stabilize the sensing layer before 

the test. Once the sensor was stable, it was tested 

towards 5 and 10.5 ppm of CH4 for 5 times in order 

to characterize the sensor response. The average time 

response (tr) of the sensor was 15.7 min and 24.3 

min, respectively when exposed to 5 ppm and 10.5 

ppm of CH4; and the average recovery time was 8.7 

min at 5 ppm, and 8.86 min at 10.5 ppm. This 

sampling frequency will suit most of the studies 

required for ground pollutants, however this response 

time will hinder aerial applications that require faster 

responses. The sensor response can be expressed as 

the ratio of Rs/Ro, where Rs is resistivity in gas and 

Ro is the resistivity in air. Rs varied from 0 to 1.5, 

when CH4 concentrations varied from 0 to 10.5 ppm, 

respectively (Figure 3). These values show that the 

sensor has high sensitivity to the gas for a short 

concentration span. 

 

The sensor response exhibits a linear behavior for 

this short span concentration according to Figure 4. 

Therefore, the sensor response as a change in 

resistance was linearized to estimate concentrations  

from 0 to 10.5 ppm.  
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The independent variable (gas concentration) was 

plotted on the X axis, while the dependent variable 

(estimated concentration) was plotted on the Y axis. 

A simple linear regression or least mean square 

(LMS) model was applied to the data in order to 

calibrate the system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-3: Response of the SnO2 sensor for different 

concentrations of CH4. The cycling temperature of 

the heater was 300 °C for 2.5 min and 400 °C for 2 

min. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig-4: Linearization of the sensor response in resistance  
  towards CH4 concentrations from 0 to10.5 ppm 

 
 
 
 
 

.N: total experimental points 
i: sequence of each experimental point 
 
By replacing the values on equation 1, the new 
estimated gas concentration (Y) values were defined 
as: 

 

            ------ (1) 

4 

3.4 CO2 Detection 
 

CO2 concentrations were measured by an off-the-

shelf NDIR sensor (CDM30K, Figaro Inc., Osaka, 

Japan), which is pre-calibrated from factory at 0 and 

400 ppm. The accuracy of the reading were cross 

checked with a LI-840A CO2 analyzer for one 

operational day showing an overall error in the 

measurements of 5%. The signal output of the 

module is a DC voltage between 0 and 4 V, which 

represents 0–2000 ppm, respectively [26]. 

 

The sensing system was tested under different 

environmental conditions in a farm field for 93 days. 

Figure 5 shows the CO2 concentration and the 

temperature registered by one of the sensor modules 

during one day of operation. The CO2 concentrations 

were mostly influenced by vegetation activity of the 

surrounded rural area, which increased the CO2 

levels during night periods and decreased it during 

sun-light hours. Conversely, the environmental 

temperature presented the opposite behavior. The 

carbon dioxide levels registered are similar to the 

values recorded by George et al. [25] in rural areas 

with extensive vegetation. Additionally, the output 

data was cross checked periodically with a CO2 

analyzer (Li-840A) to verify the reliability of the 

readings. Significant loss in performance was not 

detected during the time span of the experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



              Journal of Science & Engineering Education (ISSN 2455-5061)      
                                                   Vol. – 2,, Page-1-11, Year-2017 
 

5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-5: Response of one of the CO2 nodes installed at 

(QUT, Brisbane, Australia) during one day of 

operation. 

 

4. ROLE OF SOLAR POWERED UAV TO 

SENSE THE GREENHOUSE GAS 

 
The main sub-systems of the UAV are the gas 

sensing, navigation, communication, propulsion and 

power system, which are highly integrated into the 

aircraft frame.  

 

The block diagram of each sub-system is depicted in 

Figure 6. The main components of the system are the 

sensor, sensor heater, sensor board interface, a 

network board (Fleck) with radio transmitter/receiver 

capability and a solenoid valve control. The 

adaptations performed on the gas sensing system to 

make it functional for aerial missions are illustrated 

in Figure 8.  

 

The sample intake was adapted to capture samples 

for gas analysis during flight maneuvers. A fin shell 

was designed and 3D printed to house the gas sensing 

system on top of the central wing. The fin shell was 

made of lightweight materials (<50 g) to avoid 

significant drag and weight to the aircraft. A small 

gas chamber (63 cm3) was designed and installed 

inside the fin shell to retain the sample volume during 

analysis.  

 

The gas chamber has a T shape to let the sample 

flows across the horizontal trajectory and to insert the 

sensor in the vertical cavity, which ensures proper 

contact with the gas volume (Figure 7).  

 

A solenoid valve was installed at the inlet of the 

chamber to control the time and flow of the sample 

intake (Figure 8).  

 

The closing time of the valve depends on the sensor 

response time to the expected gas concentration, for 

instance 5 s close was enough time to analyze CO2 

concentrations from 0 to 400 ppm; and 2 s was the 

opening time of the valve to completely flush the 

chamber after each analysis. 

 

 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-6: Configuration of the four main sub-systems 

integrated in the UAV 
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Figure 7: Gas sensing system for airborne applications: 

aerodynamic fin shell, gas sensor,sensor socket, gas 
chamber and solenoid valve. 

4.1 Bench and Field testing of Gas Sensing System 

for the UAV 
The CO2 sensing system was mounted inside the fin shell, 
which was installed on top of the middle wing. A bench 
test was conducted with the engine, propeller and avionics 
of the aircraft running during the emission of a pollutant 
source. Figure 8 graphs the response of the CO2 module 
during the experiment, which shows that the sensing 
system successfully detected a CO2 peak within 60 s after 
the pollutant emission started; it shows that the sensor 
baseline was not altered by the downstream wind 
produced by the propeller, and the sensor baseline 
returned to its original level of about 425 ppm after the 
emissions stopped. The background level registered by 
the sensor corresponds to the CO2 concentration of the 
surrounded volume. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Fig-8: Bench testing of the CO2 gas sensing system 

integrated in the aircraft fuselage. 

 
Another bench testing was conducted to evaluate the 
performance of the CH4 system integrated to the UAV. 
The development of the experiment was similar to the 
previously described CO2 test; except for the valve 
control that was manually activated to determine the 
response time of the SnO2 sensor. The testing 
procedure was developed as follows (Figure 8): 

 
 First, the stability of the sensor baseline 

was verified with the avionics and motor 
of the aircraft switched off.  
 

 Then, CH4 emissions were released from a 
pollutant source in front of the UAV for 12 
min, until the sensing system started to 
register changes in the sensor resistance.  

 
 Next, the motor was switched on, clearing 

any remainder of emissions inside the 
chamber. It was observed that the sensor 
baseline dropped back to the resistance level 
registered at the beginning of the test.  

 
 Emissions from a contaminant source were 

continuously released for 34 min at a rate of 
1 L/min, while the motor was kept at 50% 
power.  

 
 Once the emissions reached the gas sensing 

system, the solenoid valve was closed to fill 
the chamber with the gas volume, and let the 
sensor response to the gas concentration.  

 
 After the sensor response was stable, the 

solenoid valve was re-opened for 2 s to flush 
the chamber, producing a sudden decrease in 
the sensor resistance.  

 

 The previous procedure was repeated twice 

to verify the functionality of the solenoid 

valve and the sensor response to the 

contaminant.  

 

The experiment successfully tested the 

performance of the gas sensing system during an 

emulated airborne operation, results of which are 

plotted in Figure 9. The sensor baseline was stable 

under the regular wind flow produced by the 

natural atmospheric dynamics and when the 

propeller was activated during the experiment, 

indicating a noise free background of the system. 

After the chamber was closed the sensing system 

detected variations in the sensor resistance, which 

indicates a successful capture of the sample and a   

stable environment inside the chamber. The     

closing time of the valve allowed the sensor to 

reach its chemisorption and physisorption stability 

on each measurement.  
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  When the solenoid opens the chamber, the sample 

was washed away producing a sudden decrease in 

the sensor resistance, until it reached its baseline 

level again. It was observed that the probability of 

detecting contaminants in front of the aircraft was 

increased due to the vortex effect of the propeller. 

This fact confirmed that the location of the gas 

sample intake was not negatively affected by the 

propeller, which on the contrary could have a 

beneficial effect. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-9: Bench testing of the CH4 sensing system with 

a pollutant emission source. 

 

5.  SOLAR UAV DESIGN AND TESTING 

OF FLIGHT 

 
The principal sub-systems are: (i) Navigation system, 

which main components are the autopilot, air speed 

sensor, gyro sensor, accelerometer, magnetometer, 

barometric pressure,  

GPS, and fail safe system. The autopilot used in the 

UAV was the ArduPilot Mega 2.5, which is a 

complete open source autopilot system with a high 

benefit/cost ratio [26] and low weight (23 g).  

  

The autopilot system works mainly in three modes: 

autonomous mode, to fully perform unmanned 

mission by pre-programming waypoints from the 

ground control station (GCS). Stabilized mode, to 

assist a ground pilot in controlling and stabilizing the 

flight of the aircraft; in this mode the pilot has partial 

control of the aircraft and when there is no pilot input 

the autopilot will maintain a level flight of the 

aircraft. Manual mode, which is useful to perform the 

pre-flight check as the autopilot acts as a pass-

through for all the RC commands; this mode allows 

the pilot to freely perform manual take-offs, 

maneuvers and landings, when the autopilot is not 

pre-programmed to perform these tasks. 

 In all modes, the autopilot is capable of transmitting 

important flight information such as roll, pitch, yaw, 

airspeed, GPS position and battery status to the GCS 

by using the telemetry module. The telemetry module 

used was the RFD900, which works at 900 MHz, is 

lightweight (50 g), small size, has large transmission 

range (>40 km), and requires about 1 W (+30 dBm) 

transmit power. The Mission Planner GCS was 

selected to create the waypoint mission based on 

Google maps, send commands to the autopilot, 

receive and graph in real time autopilot’s data 

outputs, download mission log files, and data 

analysis. 

 

The airframe is easy to transport for fast deployment 
and hand launched take off; it has a wingspan of 2.52 
m, wing aspect ratio (AR) of 13, and length of 960 
mm. The original weight of the wing was 960 g, and 
after the addition of the SSC panels it increased to 
1610 g; therefore, the final weight of the UAV was 
3285 g. (Figure 10A). The net power consumption of 
the UAV was 42.52 Wh, when equipped with the 
CO2 sensing system (Figure 10B), and 42.92 Wh 
with the nano-sensor system. The pie chart evidenced 
that the power consumption of the gas sensing system 
was only a small proportion of the total energy 
demand; and the energy consumption does not vary 
significantly between the CH4 and CO2 sensing 
systems. 
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Fig-10: (A) Weight distribution of the UAV with the 
nano-sensor system; (B) power consumptionbreakdown 

of the UAV assembledwith the CO2 sensing system. 
 

The total energy demand of the UAV is expected to be 
higher due to electronics inefficiencies that are calculated 
using Equation (5): 

 
 
 
                                                                        ---- (2) 

-

-

- 

 

Where the efficiency of the power electronics (npe) is 

0.86, and the avionics (nav) is 0.90. ) is 0.90. 

 

Replacing values in Equation (6): 
 
 
 
 
 
      
     ---- (3) 
 
 
 

-

- 
The total energy demand (55.4 Wh) needs to be 
supplied by the solar wing and the battery as follows. 
 

The solar panels for the wing were constructed using 
small silicon solar cells (SSC) ribbons connected in 
serial and parallel configuration to achieve the 
voltage and current required. Each SSC ribbon has an 
area of 0.00375 m

2
 and 12% efficiency.  

The solar panel area was limited by the wing area 
(490 cm

2
), ailerons, narrow ends, and the area 

allocated for the gas sensing system (53 cm
2
). 

Finally, 70 SSC ribbons were distributed along the 
available wing area (Figure 11), which output power 
produced was calculated as follows: 
 
 
 
 

---- (4) 
 

The average output energy of the panels was 
calculated based on the mean sunshine hours of 
Brisbane (QLD, Australia), which are 7.4 h with a 
mean irradiance of 750 Wh/m2, according to the 
Australian Bureau of Meteorology. Therefore, the 
expected average energy produced by the solar wing 
is: 

 
 
      
 
 
     ---- (5) 
 
 

A commercial lithium polymer 44.4 Wh, 3.0 mAh 4 
cells battery was used in combination with the solar 
panel to meet the energy demand of the aircraft. Only 
80% of the battery capacity (35.52 Wh) was taken 
into account for safety reasons.  
The total energy expected (Energy SSC panel + 
Energy battery) was therefore 59.14 Wh, enough to 
satisfy the total energy demand of the UAV. Figure 
12 summarizes of the energy demand of the UAV 
and the energy available. 
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Fig-11: Energy demand and the energy available in 

the UAV. 

 

6. FIELD TESTING OF GAS SENSING 

TECHNOLOGY AND UAV 

 
 
The first field test involved two nodes to monitor 
CO2 at ground level, and the UAV equipped with the 
original wing (non-solar) to monitor CO2 at about 

100 m ASL. One ground node was connected to the 
base computer and the other solar powered node was 
located 30 m away, south of the ground station. The 
mission consisted of a continuous circular flight 

above the ground nodes for 20 min. The CO2 readings 
recorded from the three sensors are shown in Figure 
12. The geo-location of each sample was not reported 
in this experiment as the autopilot or a separate on-

board GPS was not involved in the experiment. The 
graph shows that the ground node and the base node 
registered similar CO2 concentrations of about 399 
ppm throughout the test; the node located 30 m away 
showed some CO2 spikes at the beginning of the test, 

corresponding to the emulation of a contaminant 
source. The aircraft readings are represented by the 
red line and their average value was 379.7 ppm. The 
readings from the UAV were slightly lower than the 

readings registered by the ground nodes, probably 
due to higher wind speed and slightly lower 
atmospheric pressure experienced during the flight 
mission. 

 
A 3D map in Google Earth was created based on the 
geo-location of the taken samples. Figure 13 
indicates the real position of the base node, ground 
node, pollutant source and the taken samples during 
the experiment. A video of the project development is 
online at the Green Falcon project channel [27]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-12: Monitoring of atmospheric CO2 integrating  

two ground nodes and one aerial node. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig-13: Geo-location and values of the CO2 samples 

taken by the UAV 

 

7. CONCLUSION 
 
The WSN, UAV and gas sensing systems studied in 
this research are a response to challenges and 
limitations of WSNs and UAVs in the field of gas 
sensing and energy availability. The successful 

integration of a small solar powered aircraft equipped 
with a gas sensing system and networked with solar 
powered ground nodes proves the possibility of 3D 
monitoring of pollutant gases. The electric powered 

aircraft allowed the use of sensitive instruments and 
the execution of circular trajectories without self-
contamination. 

A sensing system based on resistive MOX sensors was 
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evaluated both for the WSN and the UAV. The 
resistive gas sensing system and a commercial NDIR 
module were successfully adapted and tested for aerial 

missions, showing reliable performance and meeting 
the payload constraints of a small aircraft. A method 
to design, create and evaluate small solar powered 
UAVs equipped with a gas sensing system was 

successfully studied from the experiments done by 
previous researchers. This research analysis suggest 
that this prototype system is an important step for the 
future of environmental monitoring; and the advances 

in solar cells, batteries, and sensing technologies will 
open a wide market of intensive and capillary 
environmental data acquisition, not limited only to gas 
concentrations, but also to temperature, humidity, 
aerosols, pollens, etc. 
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