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Abstract—In solid waste management, the Methane (CH4) 

gas generation needs to be monitored and assessed for the 

environmental protection and prevent the CH4 gas 

atmospheric dispersion over the dwelling regions near dump 

yards. Traditional methods using gas sensors measures only 

gas concentration at different height and never modelled or 

predict the gas circulation in the atmosphere. Moreover, gas 

circulation near every dump yard needs to be modelled 

based on microclimatic conditions for human safety and 

environmental protection.  In this paper an Unmanned 

Aerial Vehicle (UAV) based, dispersion of CH4 gas is 

monitored and assessed for the atmospheric circulation of 

CH4. The CH4 dispersion and atmospheric circulation are 

monitored through X-Band Bi-Static microwave transceiver 

sensor and Machine Learning (ML) Algorithm-Multi Linear 

Regression (MLR). CH4 concentration is assessed through 

the RADAR’s reflected signals from CH4 gas, whereas 

RADAR is fixed in the UAV. The RADAR is mounted in 

UAV to sense concentration of CH4 dispersion at different 

heights for municipal dump yard located at Thiruninravur, 

Tamil Nadu, India. A three-days; six-hours of field results, 

shows the proposed UAV-RADAR based prediction of the 

CH4, performs better in the range of 250-800 ppm CH4 

concentration. The proposed UAV-RADAR system in 

tracing CH4 dispersion in lower atmosphere is validated 

through analytical methods and modelled based on 

microclimatic conditions.   

Index Terms—Denoising, methane detection, microwave 

RADAR, multi linear regression, wavelet transform, 

unmanned aerial vehicle 

I. INTRODUCTION 

In developing countries, open dumping of domestic 

bio-degradable solid waste is seen as common practice. 

Bio-degradable wastes are the major source for air 

pollution. The International Agency for Research on 

Cancer (IARC) states, air pollution as the major cause for 

lung cancer in human. As per the study conducted in 

2019, 99% of residential communities with poor air 

quality area had lung related diseases [1]. AP dispersion 

model can be used for large scale mishap assessment. 

Thus, a well-designed Solid Waste Sites (SWS) and 
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management with an adequate monitoring and dispersion 

predicting system can avoid harmful air pollutants. 

Gas emissions from SWS are unpredictable and leads 

to human hazards. At SWS, microbes convert degradable 

organic carbon into hydrocarbons, under anaerobic 

conditions. CH4 is the major gas from SWS and has an 

equal impact on humans as Carbon Dioxide (CO2) gas [2]. 

It is buoyant in nature and naturally ascends; experiences 

turbulence at atmosphere and leads to fast mixing in air. 

Thus, lower atmospheric environmental dispersion needs 

to be assessed for spread of pollutant. 

Classic air quality monitoring stations provide reliable 

data, has low vertical coverage and never asses the 

discrete emission sources. Low-cost portable sensing 

devices are used for CH4 dispersion measurement. 

Aircrafts are equipped with low-cost sensors for three-

dimensional (3D) measurements based on spatial and 

temporal resolution, which suffers from flight-noise and 

altitude restrictions. Air quality monitored with tethered 

gas balloons mounted with low-cost sensors, evades the 

aircraft’s height constraints but suffers from inability to 

do horizontal maneuvering [3]. In contrast, multi-rotor 

UAV is a cost-effective device for lower atmosphere and 

gas dispersion studies [4–9]. The recent developments in 

UAVs are effective in assessing the atmospheric 

dispersion of gas. The microwave resonator-based gas 

sensing also has problems such as high cost, weight and 

linearity.   

Motivation: The microclimatic conditions [10, 11] 

affect the Metal-Oxide Semiconductor (MOS), 

electrochemical and catalytic type sensors, when used for 

CH4 assessment. LiDAR based CH4 concentration is 

inaccurate due to environmental light exposure. 

Contribution: To solve above problems, CH4 

dispersion and concentration are measured using bi-static 

microwave RADAR with an operating frequency of 

10.525GHz. The received RADAR signal is denoised 

with wavelet transform to remove the noises. The UAV is 

equipped with low-cost sensing system, microcontroller 

and ML algorithm. ML is embedded into the 

microcontroller and field tested over the SWS, located at 

Thiruninravur, Tamil Nadu, India. The results are 

interpolated at different altitude in the lower atmospheric 

range and modelled for CH4 gas dispersion and 

circulation in atmosphere through GIS modelling. 
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The organization of this article is as follow. Section II 
addresses the present knowledge available in the 
literature. Section III describes the materials and 
methodology employed in the study. Section IV discuss 
the results obtain through the experiment and the 
outcomes obtained from the in-situ study conducted over 
a municipal SWS. Finally, Section V concludes the 
article with summary of the work and discuss the future 
perspectives. 

II. LITERATURE REVIEW 

The gas sensing is performed in two-steps. Initially, 
sensing of gas is involved where the interactions between 
gas molecules and the sensitive material are performed. 
The second process is transduction, which converts the 

sensing into an electronic-signal. Different types of 
transduction methodologies are implemented in gas 
sensing, such as conductometric transduction, optical 
transduction and electrochemical transduction.  
Conductometric transduction measures the redox 
reactions of gas molecules. In optical transduction the 
infrared (IR) spectral characteristics are used for gas 
concentration sensing. In Mass transduction, weight of 
gas molecules is used for gas concentration sensing and 
electrochemical transduction is based on the transfer of 
electrons. Based on the operating principle, gas sensors 
are classified as MOS, Catalytic, Electrochemical and IR 
based. Table I shows the literature survey of CH4 gas 
concentration measurement using UAVs equipped with 
gas sensors to sense the dispersion of CH4. 

TABLE I: LITERATURE SURVEY ON DRONE ASSISTED CH4 GAS MEASUREMENT 

Ref./Year Sensors Methodology/algorithm for CH4 sensing Advantage & disadvantage 

[3] / 2017 
Vertical cavity surface emitting laser, (ii) 

MOS and (iii) modified catalytic sensors. 
UAV to monitor atmospheric gases. 

MOS sensors can be utilized for direct sensing, 

less selective than VCSEL, which requires 

humidity information. 

[4] / 2018 
Quartz enhanced photoacoustic 

spectroscopy sensor. 

A multi-gas sensing system based on 

frequencies for gas. 

Physical assembly restricts the usage in an 

UAV. 

[5] / 2019 MOS: MQ-4 
CH4 concentration from inside a closed 

container with Arduino microcontroller. 
Low sensitivity to mixed-gas environment. 

[12] / 2020 MOS: MQ-2 & MQ-4 
MQ series sensors collected CH4 at every 

5 meters in altitude. 

Authenticity of the gas selectivity needs 

further analysis. 

[13] / 2021 Catalytic: TGS2600 
A LoRa based airborne environmental 

monitoring system. 

Communication upto 1KM without loss was 

showcased, but the sensor used is inclined to 

low concentration and are prone to chemical 

poisoning. 

[14] / 2021 
Near-infrared (NIR) off-axis integrated 

cavity output spectroscopy. 

A NIR sensor to measure atmospheric 

CH4. 
Size reduction is required. 

[15] / 2021 

Electrochemical: (TGS-4161/5042), MOS: 

(TGS-3870/823/8100 & TGS26-

00/02/03/11) 

Principal component regression for CH4 

concentration in the dry methane 

reforming process. 

Sensor is vulnerable due to quick pressure 

shift, humidity and drought. 

[16] / 2022 NIR absorption spectroscopy (NIR-AS) Symmetrized dot pattern. 
Sequential monitoring will be slower in 

multipoint analyses. 

[17] / 2022 LiDAR & MQ-4 

Reduced support vector machine and 

artificial neural network with MQ-4 sensor 

and LiDAR. 

The LiDAR accuracy reduces due to direct 

sun-light exposure. 

 

In this paper, UAV based gas sensing problems are 

summarized and discussed below: 

• In-flight sensor performance: Accuracy of sensors 
that are attached to flight for gas concentration 
measurement depends on temperature, humidity, 
pressure, and direct sunlight exposure.  

• Response time: The reaction time of the sensing-
instrument are influenced by the flight speed, which 
will directly affect the overall flight endurance. 

• Limit of Detection (LoD): The maxi-min limits must 
be focused, as datasheet values are usually measured 
under the controlled laboratory settings.  

• Dynamic range: Based on the distance between the 
source and the flight, the gas-concentration varies. 
Thus, sensor must be equipped in a flight with 
support of a dynamic sensing range.  

In this paper, above problems are solved through, 
microwave sensor based CH4 concentration measured 
using UAV. ML models in geospatial is used for CH4 gas 
concentration measurement. 

III. MATERIALS AND METHODOLOGY 

In this paper, the proposed methodology overcomes 
the drawbacks of existing methods such as low-sensitivity, 
sensor poisoning and temperature dependency of 
traditional gas sensors. In this study, UAV has a bi-static 
RADAR which senses CH4 concentration. Moreover, 
UAV is equipped with NodeMCU to support Internet of 
Things functionality and CH4 concentration prediction 
through built-in ML algorithm.  

A. Materials 

Atmospheric CH4 sensing is different from level-based 
gas sensing. Atmospheric CH4 gas sensing through an 
UAV has certain limitations with MQ-4 sensor-based 
measurement such as altitude, temperature, vibration of 
sensor and consumes high energy. In this paper, X-band 
HB100 bi-static RADAR with an operating frequency of 
10.525GHz and coverage range of 2m to 16m is used for 
CH4 sensing. Instrumentation amplifier (AD-620) is 
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utilised for RADAR Intermediate Frequency (IF) signal 
amplification. NodeMCU, a 32-bit microcontroller with 
an integrated 10-bit Analog to Digital Converter (ADC) 
resolution is used for converting IF signals into digital 
values. Table II shows the components used in UAV for 
the atmospheric gas concentration study. 

TABLE II: CHARACTERISTICS OF THE DEVICES IN UAV 

Parameter 
Working 

principle 

Equipment 

model 
Range 

Bi-static 

RADAR 
Doppler effect HB100 2m to 16m 

Gas sensor 
Chemi-

resistance 
MQ-4 

200ppm to 

10000ppm 

Instrumentation 

amplifier 
Amplification AD -620 1A to 10,000 A 

Microcontroller 32-bit MCU NodeMCU-12E 
10-bit ADC 

resolution 

B. Radar IF Signal Amplification Circuit 

A custom Printed Circuit Board (PCB) is designed and 
fabricated that integrates components as listed in Table II. 
Fig. 1 shows the overall circuit diagram of IF signal 
amplification. Instrumentation amplifier (AD620) is 
placed between the input of NodeMCU and the bistatic 
RADAR sensor. The top-view of the assembled PCB is 
shown in the Fig. 2. 

 
Fig. 1. CH4-Sensing schematic diagram. 

 
Fig. 2. CH4 sensing-fabricated and assembled PCB. 

C. Methodology 

In this paper, a two-stage process have been performed. 
Initially sensed signals are processed with wavelet 

transform and then reconstructed. Second, ML model is 
applied to the collected IF signal and the laboratory 
values of known concentrations of CH4. The wavelet 
reconstructed signal amplitude is proportional to CH4 gas 
concentration. In this study, a municipal SWS at 
Thiruninravur, Tamil Nadu, India is selected for 
atmospheric CH4 concentration measurement. The IF 
signals of the RADAR are amplified using an 
instrumentation amplifier. The MLR algorithm is chosen 
due to its low memory consumption in NodeMCU. The 
embedded MLR algorithm predicts the CH4 concentration 
value from the denoised signal, considering the micro-
climatic conditions. The predicated values are transferred 
to Google Sheet using Hyper Text Transfer Protocol 
(HTTP) as shown in Fig. 3. The collect values from ML 
model are used for interpolation of the dispersion of gas 
in the atmospheric region and model the atmospheric air 
circulation. Fig. 4 illustrates the overall flow of the study. 

 
Fig. 3. Screenshot of the data collected in Google sheet. 

 
Fig. 4. The overall block diagram for predicting CH4 dispersion & gas 

circulation at atmospheric level. 
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D. Microwave Energy Transfer Process in CH4 at 

Atmospheric Level 

Microwave signals, interact with matter such as solid, 

liquid and gas at the level of individual atoms, electrons, 

and magnetic dipoles. Microwave-matter interaction 

depend on medium’s reflection, absorption or scattering 

of the wave, the amplitude and frequency variations in 

the received signal are used for sensing the medium. In 

CH4 sensing, electromagnetic radiation from the RADAR 

are absorbed and reflected. RADAR equation relates the 

reflectivity, transmitted power, antenna aperture and 

conductivity of the medium. The reflectivity and 

transmittance are calculated with the general power 

density equation (Pd) in W/m2 as  

24

t t
d

PG
P

R
=                               (1) 

where Pt represents power of the transmitter antenna, Gt 

represents gain of the transmitter antenna and R 

represents the distance between RADAR and CH4 plume. 

The power of the received signal, Pr in W/m2, at the 

receiver antenna in the absence of CH4 medium is 

calculated using Eq. (2): 

2

2 44
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                  (2) 

where Gr is the gain of receiver antenna and λ is the 

RADAR signal wavelength, and 2( (4 ))e rA G = is the 

antenna aperture in m2. 

To calculate the power of received signal (Prf) under 

the presence of CH4, power at receiver is calculated as the 

power of the reflected signal from CH4 plume minus free 

space attenuation, i.e., Eq. (2) is modified as per the 

Maxwell’s equation and includes the conductivity of the 

medium as  

rf 24

t tPG
P

R




=   W/m2                          (3) 

where σ represents the conductivity of the medium. CH4 

is considered as lossy dielectric (σ ≠ 0) molecule.  

The four covalent bonds exist between the central 

carbon and all four hydrogen atoms; no free electrons in 

the molecule. Lossy medium has a wave dispersion, 

which is characterized based on the complex dielectric 

constant denoted by ( )j = − ; where   is the 

relative permittivity, responsible for reflection and 

imaginary part,   the loss factor responsible for 

absorption. As microwaves target rotational modes in 

CH4 gas-molecules, the intrinsic impedance of the 

microwave is calculated using Eq. (4).  

1/2

1
j

j
j

  


  

−
 

= = − 
+  

               (4) 

where j is the imaginary unit, ω is the angular frequency 

of the electromagnetic wave and μ is the magnetic 

permeability of the medium. 

Dielectric materials will have some conductivity 

σ<<ωϵ, where the term σ/ωϵ is referred as the loss tangent 

as defined in Eq. (5). 

tan





=                                 (5) 

Due to lower conductivity, the electric and magnetic 

fields in the medium are no-longer in phase. Thus, Eqs. (6) 

and (7) represent the Maxwell’s frequency domain 

solution, the propagation constant  is derived in Eq. (8): 

2E ( )Ej j   = +                          (6) 

where E represents the electric field. 
2H ( )Hj j   = +                         (7) 

where H represents the magnetic field. 

( )j j j     = + = +              (8) 

where α represents the attenuation constant and β 

represents the phase constant. 

In RADAR based gas sensing, orientation of electric 

fields polarization plays a vital role. CH4 is a non-polar 

molecule, but still exhibits a dipole moment in ground 

vibronic state, because of its tetrahedral spherical top 

structure, whose conductivity is not to be neglected [18]. 

Angle between UAV and the RADAR’s trans-receiver 

antenna is perpendicular in nature, polarization happens 

in vertical-vertical mode; whose reflectivity and 

transmittance are calculated as 

( ) ( )

( ) ( )

2

2

sin cos

sin cos

r r

c

r r

jx jx
Γ

jx jx

 

 

− − − −
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− + − −
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− −
=

− − + −
         (10) 

where Ψ represents angle of incidents, r o= is the 

relative permittivity, GHz18x f= and 90 i =  −  

defined as pseudo-Brewster angle. 

E. CH4 Concentration Evaluation Using Radar System at 

Laboratory Level-A Prototype Model 

Laboratory scale CH4 was produced from waste coal 

washery rejects available at the institute’s bio-gas pilot-

plant [19], whose concentration was assessed using 

Geotech Bio-gas analyzer (BIOGAS5000). Fig. 5 (next 

page) shows the laboratory level CH4 production from the 

coal waste, which is later transferred to a circular butyl 

rubber tube. An open-close knob was fixed in the rubber 

tube and to model the SWS CH4 dispersion. The 

RADAR’s IF signals were acquired with Universal Serial 

Bus (USB) Data Acquisition System (DAQ). The 

captured signals were denoised using MATLAB wavelet 

toolbox to get discrete values as shown in Table III, 

which is later used to design a ML model. The 

concentration of CH4 was simultaneously measured using 

pre-calibrated MQ-4 sensor and the bistatic-RADAR as 

shown in Fig. 6. 
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Fig. 5. CH4 produced at laboratory scale. 

 
Fig. 6. View of laboratory dataset collection. 

TABLE III: LABORATORY OBSERVATION: SIGNAL AMPLITUDE VS 

RELATIVE CH4 CONCENTRATION 

Distance 
(m)  

Wind 
speed 
(m/s) 

Observed 
amplitude 

(mV) 

Atmospheric 
temperature 

(°C) 

Humidity 
(%) 

Average CH4 
concentration 

(ppm) 

0.3 2 475-500 25.23 72.34 877.06 

0.3 3 450-475 27.05 78.30 815.13 

0.3 4 425-450 28.97 65.92 765.47 

0.3 5 400-425 31.20 65.92 715.05 

0.6 2 335-365 25.23 72.34 638.50 

0.6 3 300-335 27.05 78.30 612.13 

0.6 4 275-300 28.97 65.92 585.17 

0.6 5 250-275 31.20 65.92 560.12 

1.0 2 275-200 25.23 72.34 505.16 

1.0 3 265-275 27.05 78.30 487.87 

1.0 4 225-265 28.97 65.92 375.09 

1.0 5 200-225 31.20 65.92 288.33 

 

F. UAV Based Dispersion Measurement  

The low-cost drone is assembled using carbon-fibre 

frame (S500). Holybro-Pixhawk4 is selected as the 

controlling platform and controls the four 960 kV BLDC-

motors. The UAV is equipped with 5200 mAh LiPo 

battery and supports 20-minute flight endurance. The 

configuration view of the assembled UAV is shown in the 

Fig. 7. The UAV is made to fly over SWS.  The IF signal, 

after interaction with CH4 value is used for prediction of 

CH4 concentration after processing with wavelet 

transform. Using CH4 concentration values obtained from 

UAV, Geographic Information System (GIS) tool is used 

for atmospheric dispersion and circulation of CH4 gas 

modelling. 

 
Fig. 7. Configuration of the UAV platform. 

IV. RESULTS 

In this paper, a microwave RADAR is used for real-

time gas monitoring by measuring the IF signal amplitude. 

This allows us to monitor the CH4 concentration without 

the drawbacks mentioned in the literature section. The 

system allows estimating the dispersion of the CH4 being 

evaluated by fusing, microclimatic-conditions, Global 

Positioning System (GPS) value and the data from the 

RADAR, where time is the common attribute. 

A. Wavelet Denoising of IF Signals from Radar 

Interference from multiple sources like propeller and 

reflected-signals from other sources causes noise in 

RADAR signal. To denoise the sensed signal, wavelet 

transformation is used. After filtering, prediction of CH4 

accuracy is improved [20, 21]. The RADAR signals are 

generally characterized as non-periodic signals with rapid 

transients, analysis using conventional Fourier analysis is 

challenging. Thus, wavelet transform has been utilized, 

which separates the noise from the signal by separating 

the raw-signal into its low and high frequency 

components. The coefficients of the noise signals are 

discarded through threshold processing, and an inverse 

transform is performed on the remaining transform 

coefficients to reconstruct the original-signal. MATLAB-

Wavelet analyzer and denoiser toolsets are utilized for 

both low frequency approximation output (A) and high 

frequency details (D) measurement. Inspired from the [22] 

author’s work, Coiflet (Coif) wavelet transform was used 

in this study. A case-to-case analyses has been conducted 

using Coif wavelet with subclasses one to five and 

approximation/detail levels ranging from one to five as 

illustrated in Fig. 9 (next page).  

The Peak Signal-To-Noise Ratio (PSNR), Structural 

Similarity Index Measure (SSIM) and Correlation are 

used as performance metric to choose the right wavelet 

denoising process. The statistical mean, median and 

standard deviation of the denoised signal is obtained, on 

using different subclass and A-level. Based on the 

analyses, subclass-five with A-level five denoises IF 

signal better than other subclass and A-level. “Fixed form 

threshold” is chosen as the thresholding method with 

“Non-White noise” as the denoise structure. Fig. 8 shows 

the denoised signal in the acquired under laboratory 

conditions. The controlled release of CH4 was performed 

and emulated the SWS emission-dispersion scenario 

under atmospheric pressure, temperature and wind speed. 

 
Fig. 8. Comparison between denoised signal and raw-signal in the 

presence of CH4. 
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Fig. 9. Coif5 transform analysis of the low and high frequency components of the IF signal at levels 1 to 5. 

 
Fig. 10. Denoised IF signal’s amplitude vs time plot. 
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The bi-static RADAR and a pre-calibrated MQ-4 

sensor are used to sense the CH4 plume simultaneously. 

The RADAR sensed signal is denoised and reconstructed 

as in Fig. 10 (previous page), which projects the denoised 

signal read by RADAR at 30 cm distance from CH4 

emission point. The amplitude of the signal is noted 

against the known CH4 concentration. 

B. MLR Model for Atmospheric CH4 Dispersion 

Modelling 

The MLR models establishes relationship between 

dependent and independent variables as defined as 

0 1
,

n

i ii
xy  

=
+=   where β represents regression 

coefficients, x represents the set of independent variables, 

n represents the number of independent variables and y 

represents the dependent variable. In this study, the 

distance between source and UAV, temperature, humidity 

and IF-signal amplitude are used as independent variables. 

The regression between the dependent and independent 

variables are inspired based on the [23] author’s work. A 

hundred and fifty-seven sample points were used to train 

the model. The statistical values and variance analysis of 

the proposed MLR model are tabulated in Table IV and 

Table V respectively. The ESP8266 based NodeMCU 

microcontroller with a 64KB of RAM is used for 

implementation of wavelet-denoising, MLR and HTTP. 

Equation (11) shows the CH4 prediction algorithm. 

( ) ( )

( ) ( )
4CH 1139.31 440.33WS 13.02

          0.33 (14.3 ) 1.11A

D

A T H

= − − +

− +
      (11) 

where H represents humidity, TA represents atmospheric 

temperature, A represents RADAR’s IF signal amplitude, 

D represents distance between RADAR and CH4 plume, 

and WS represents wind speed. 

TABLE IV: MLR MODEL: STATISTICS 

Predictor Coefficient Estimate 
Standard 

Error 
t-statistic p-value 

Constant β0 1139.31 2442.65 0.47 0.66 

WS β1 −440.33 120.02 −3.67 0.01 

D β2 −13.02 218.03 −0.06 0.95 

A β3 0.33 0.39 0.86 0.43 

TA β4 −14.3 111.02 −0.13 0.9 

H β5 1.11 3.11 0.36 0.73 

TABLE V: MLR MODEL-ANALYSES OF VARIANCE 

Source 
Degrees of 

freedom 
Regression 

standard error 
Mean squared 

errors 
F-statistic p-value 

Regression 5 326997.4 65399.47 42.01 0 
Residual 

error 
6 9340.39 1556.73 -  - 

Total 11 336337.8 30576.16  -  - 

C. GIS Based CH4 Gas Circulation Modelling  

The accurate measurement of AQ data is of high 

demand, particularly three-dimensional (3D) mapping 

and visualization of AQ is an efficient choice to 

understand the dispersion of pollutants in the air. Present 

field study focuses on collecting CH4 dispersion over a 

municipal SWS. The test was conducted over a dump-

yard located at latitude 13°8'10.4928'' N and longitude 

80°2'59.1036'' E. The aerial view captured of the study-

field, from an UAV is shown in Fig. 11. 

The experiment is conducted over the dump yard for 

the purpose of studying the 3D distribution of the CH4. 

The acquisition of CH4 concentration was performed on 

29th September 2022, 2nd October 2022 and on 4th 

October 2022 with an average wind-speed 3 m/s to 4 m/s. 

Fig. 12 shows flight path of the UAV over the SWS on 

different days. For first two days, the drone was flown in 

manual mode and examined the stability, maneuverability, 

power consumption and the communication between 

onboard-IoT module and Google Sheet. UAV had a 

vertical ascend and descent between 2 m to 7 m Above 

the Ground Level (AGL) as shown in Fig.  13. 

 
Fig. 11. Isometric view of the test-site. 

 
Fig. 12. Flight paths of the field testing. 

 
Fig.  13. UAV hovering over different sections. 

The drone was flown in an automatic mode on day 

three, based on the field experience gathered. UAV was 

programmed to hover 10 seconds between every one 

meter and a vertical flight between the ranges of 2m to 

6m and collected the atmospheric CH4 dispersion data. 

The measured values are plotted against the altitude and 

obtain CH4 dispersion based on spatial and temporal 

regions. The vertical profile represents the average values 

based on the Inverse Distance Weighted (IDW) technique 

as in Figs. 14.−17 shows the comparison between CH4 
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concentration at different heights of same the latitude-

longitude pair, over a municipal dump yard at 4 m, 5 m 

and 6 m AGL. 

Fig. 14. CH4 dispersion plotted using IDW. 

Fig. 15. Comparison between predicted vs MQ-4 readings at 4m AGL. 

Fig. 16. Comparison between predicted vs MQ-4 readings at 5m AGL. 

Fig. 17. Comparison between predicted vs MQ-4 readings at 6m AGL. 

TABLE VI: COMPARISON WITH OTHER REPORTED WORKS 

Ref./Year Sensor type 

Algorithm used Performance metric 

Algorithm name 
Scope to be embedded 

in MCU 
IoT enabled 

UAV mounting 

feasibility 
Results obtained 

[24] / 2021 Electrochemical 
Artificial neural 

networks 
No No No Accuracy>98% 

[25] / 2021 
Direct absorption 

spectroscopy 
Deep neural networks No No No R2= 0.98 

[26] / 2021 Tin-oxide 
Artificial neural 

network 
No No Yes RMSE  0.2 ppm 

[27] /2022 Near-infrared laser Linear regression Yes No No fitting degree >99.97% 

[28] /2022 Interband cascade LASER 
Partial least squares 

regression 
No No No R2=0.99 

[17] / 2022 LiDAR ANN No No Yes R2=0.99 

This Paper Bi-static microwave radar MLR Yes Yes Yes R2=0.97 

D. Comparison between Traditional Methods and

RADAR Method

The proposed microwave-based sensing system

produced better results in terms of CH4 mapping. The 

RADAR sensor is free from ambient light, humidity and 

temperature turbulence. Table VI compares the proposed 

work with traditional methods of CH4 sensing. 

V. CONCLUSION

Monitoring CH4 dispersion and atmospheric 

circulation plays a vital role in reducing air pollution and 

for human safety through removing solid waste regions 

with high-concentration. A cost-effective CH4 dispersion 

assessment is presented in this paper. The proposed 

method involves mounting an X-band bistatic microwave 

RADAR beneath a small UAV to measure CH4 

dispersion at dynamic heights and locations. CH4 

concentration with respect to IF signal amplitude and 

microclimatic conditions is computed. The data recorded 

is transmitted to cloud and then dispersion modelling is 

performed. The CH4 concentration is in the range of 250 

ppm to 800 ppm which coincides with the measurements 

of a typical landfill. The UAV based test flights identified 

variations in gas-sensing over low-concentration areas. 

Our next task is to incorporate additional sensors such as 

infrared cameras to identify the relation between terrains 

and CH4 emission. This study utilized a unique way to 

combine the advantages of sensor, signal analysis and 

ML for monitoring CH4 concentration during both day 

and night time.   
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