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Abstract—Multirotor [Uncrewed Aerial Vehicle (UAV)s have
recently become an important instrument for the
imethod for mineral exploration (MMME), enabling more
effective and accurate geological investigations. This paper
explores the difficulties in mounting high-sensitivity sensors on a
[UAV] platform, including electromagnetic interference, payload
dynamics, and maintaining stable sensor performance while
in flight. It is highlighted how the specific solutions provided
to deal with these problems have the potential to alter the
collection of data using the [MMME] assisted by [UAVk. The
work also shows experimental findings that demonstrate the
creative potential of these solutions in[UAV}based data collection
for the MMME] leading to improvements in effective mineral
exploration through careful design, testing, and assessment of
these systems. These innovations resulted in a platform that is
quickly deployable in remote areas and able to operate more
efficiently compared to traditional crewed aircraft or multirotor
[UAVE while still producing equal or higher quality results. This
allows for much higher efficiency and lower operating costs for
high production [[AV}based data collection for the

1. INTRODUCTION

The urgent need for efficient mineral exploration is a
driving force in the global economy. The traditional ground-
based methods, e.g., magnetic method for mineral exploration
(MMME), are hampered by labor intensity, time consump-
tion, and environmental restrictions. Using enables
rapid coverage of large and remote areas; however, existing
methods predominantly use multi-rotor vehicles, resulting
in limited flight time. This paper introduces an innovative
solution to these limitations: the use of based [Verticall
takeoff and landing (VTOL)||[Fixed Wing (FW)| systems for
This approach not only accelerates the process but
also reaches terrains that are otherwise inaccessible.

The integration of high-sensitivity sensors, i.e., magne-
tometers, on [UAV] platforms for mineral exploration presents
unique challenges [1f], including managing payload limita-
tions, dynamics, and safety, particularly in the case of fixed-
wing [2]. The most significant obstacle is minimizing
[Electromagnetic Interference (EMI), originating from the
propulsion motor, while ensuring the suspended magnetome-
ter systems maintain high data quality during flight [3]. These
challenges stem from the complex interplay of UAV design
constraints, sensor sensitivity, and the need for operational
stability in varied and harsh environmental conditions [4]].

Recent trends in [UAV}based mineral exploration have
seen a focus on [VTOL] fixed-wing [UAVE, lauded for their
increased flight endurance, flexibility, and precision [J3].
However, most studies have not delved deeply into mineral
sensing applications with a suspended payload or addressed
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Fig. 1: The proposed VTOL fixed-wing UAV with a magnetometer in slung payload
configuration, with a 10m suspension cable.

the specific challenges of EMI|in detail [6]. The current state-
of-the-art solutions, while effective for broader applications
like topographic mapping, fall short in addressing the nu-
anced requirements of mineral sensing, particularly in terms
of [EMI] management and payload dynamics optimization [7].
This research aimed to bridge these gaps by enhancing[VTOL]
[UAV] capabilities for mineral exploration. We focus on reduc-
ing electromagnetic interference in suspended magnetometer
setups (See Fig. [T) and maintaining an acceptable level of
data quality.

Our contributions lie in the development of a UAV plat-
form that is not only quickly deployable and efficient but also
capable of operating in challenging terrains while ensuring
superior data quality and reduced operational costs. This
integrated system marks a notable advancement in [UAV}
based setting new standards in the field. To bet-
ter illustrate how this system differs compared to existing
surveying systems, Table [I] outlines a general comparison
between generic UAVs, our method (SuMag), and crewed
surveying techniques. The Cost per Line Km for a Generic
UAV is derived, assuming $500 in daily operating costs
divided over 16 flights, each covering 22.5 km, resulting in
a cost of approximately $1.38 per km. The coverage area
per flight is calculated at 0.5 km? based on a 0.025 km line
spacing and a 0.5-hour flight duration at 40 kmh~!. Daily
operating costs of $500 include fuel, maintenance, and crew,
with each flight lasting 90 seconds per km at a speed of
40 kmh~!. Adjustments in parameters like flight speed can
modify these costs accordingly. Our method is cost-effective
and of higher quality, as evidenced by the experiments.
Compared to generic [UAVE, our method reduces the Cost
per Line Km nearly by half. Compared to crewed systems,
our method is significantly better in terms of Cost per Line
Km and line spacing.

Next, the literature review, proposed method, experiments,
and conclusions are presented in Sections [[I{V] respectively.
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II. LITERATURE REVIEW

Ground magnetic surveying, a versatile and long-standing
technique in geophysics, involves using a magnetometer to
measure surface and subsurface magnetic fields. This method
is applicable across a wide range of geoscientific studies,
from detecting very shallow features such as archaeolog-
ical artifacts to exploring deep crustal structures. Ground
magnetic surveys are beneficial for locating metallic objects
or mineral deposits and provide a cost-effective approach
due to their flexibility in survey area [8|]. However, they
are time-consuming and pose challenges in large or difficult
terrains, often necessitating high-resolution follow-up scans
to accurately confirm mineral deposits. Aerial surveying,
utilizing sensor-equipped aircraft, overcomes these limita-
tions by quickly capturing magnetic mineral data over large
areas. Commonly, this involves attaching a magnetometer
to fixed-wing aircraft, preferred for their ability to cover
vast distances quickly at high altitudes, albeit at the cost
of reduced data resolution and maneuverability in complex
terrains [9]]. Helicopters offer an alternative with their lower
altitude flight and better maneuverability, yielding higher
resolution data ideal for smaller or more rugged areas, though
they are generally more costly and less efficient for large-
scale surveys [10]. When using a magnetometer affixed to an
aircraft to collect mineral data, magnetic surveys are effec-
tive at directly identifying mineral deposits containing high
concentrations of ferromagnetic materials. These surveys also
offer valuable indirect insights into the mineral composition
or variations within the geological structure.

The emergence of for various aerial surveying repre-
sents a significant advancement [[11]], especially in terms of
data resolution. Drones, being smaller and capable of flying
at lower altitudes, are well-suited for small area surveys or
those involving complex terrains [12]. While offering higher
resolution data and improved safety by minimizing the need
for crewed flights, drones face limitations in flight time,
control range, and payload capacity [13]]. The use of
fixed-wing has gained attention for their potential in
mineral exploration, offering notable advantages such as im-
proved flight endurance, deployment flexibility, and precise
positioning in varied terrains [14], [15]. These features are

Generic Our Helicopter
Metric (crewed) (crewed)
Cost of Aircraft ($) 20,000 17,000 1.5m 2.1m
Flight Duration (hrs) 0.5 3 6 3
Human Safety € (1-10) 10 10 8 7
Coverage Area/Flight (km?) 0.5 59 60 15
Typical line spacing (m) 50 50 100 100
Cost per Line Km ($/km) 1.38 0.78 5.00 10.00
Flight Time (s/km) 90 45 18 35
Avg. Operating Costs ($/day) 500 500 8,000 12,000

TABLE I: General comparison between various , ours, crewed @ and crewed
helicopter for mineral sensing. Highlighted areas indicating the favorable value for each
category. Platform comparison specifications are taken from that of a DJI m300, our
custom a Piper PA-31 Navajo, and a Bell 206 JetRanger respectively.

critical in tasks requiring access to remote locations and
high-resolution data acquisition [16]. Despite these benefits,
a gap in research is evident, as most studies lack detailed
exploration of fixed-wing [UAVE’ specific use in min-
eral sensing applications. Hyperspectral imaging and LiDAR
have emerged as popular choices for their detailed surface
analysis and topographic mapping capabilities, enabling the
differentiation of rock types and identification of geological
features [17]], [18]], [19]. The combination of multiple sensors,
such as hyperspectral with magnetic sensors or LiDAR
with multispectral imaging, has further expanded the [UAV’
capabilities in mineral detection [20], [21]. Fixed-wing [UAVk
are often preferred in mineral sensing for their extended
flight times and higher payload capacities, whereas multirotor
offer better maneuverability at lower airspeeds [22],
[23]. However, the choice between different platforms
depends on specific mission requirements.

While [UAV}based magnetic sensing presents numerous
advantages, challenges remain in signal-to-noise ratio, resolu-
tion, calibration, data fusion [24], [25]], localization [26], [27]],
[28], [29], real-time mapping [30], and payload swing [31]],
[32] especially when employing hyperspectral and LiDAR
sensors [33], [34]]. Additionally, integrating multiple sensors
on a single platform poses difficulties in data interpre-
tation and fusion [35[]. Further, magnetic maps can also be
used for aerial localization [36], [37], in case GPS is not
available or fused with GPS for a better localization. Finally,
the regulatory landscape also plays a significant, with varying
legal frameworks across jurisdictions [38]].

The current literature underscores the potential of
fixed-wing in magnetic sensing and beyond [39]], high-
lighting the need for further research into their application-
specific optimization. Future studies should also focus on
comparing operational costs, maintenance requirements, and
environmental impacts of these systems. Understanding
these aspects will be crucial in developing more specialized
and efficient [UAV}based solutions for mineral exploration.

III. PROPOSED METHOD

Here we will present our method, focusing on tackling
electromagnetic interference and payload dynamics.

A. Sensor Integration

To effectively integrate a suspended magnetometer payload
to a fixed-wing aircraft, first, an examination of
the optimal tether length must be conducted, which would
minimize interference while maintaining safe operation.
In this case, the main source of the is produced by the
high current forward propulsion motor and its accompanying
electronic speed controller onboard the aircraft. The tether
plays a crucial role in minimizing interference between
the and the magnetometer sensor. An example image
of what the system should look like is shown in Fig.

B. Optimization of Tether Length and EMI Testing

A series of experiments were conducted to determine the
optimal tether length for the suspension system. These tests



Fig. 2: (left) VTOL aircraft mounted to EMI measurement frame, (middle) the same
VTOL aircraft is reoriented nose down to capture the magnetic field data in a separate
axis. The magnetometer sensor is enlarged and highlighted in red on a stand to the
right of the aircraft, mounted to a wooden lattice structure (shown in the picture on the
middle). (right) Diagram of how the sensors were placed with respect to the vehicle for
MIesting. The GSMP-35U Potassium Magnetometer (top right and bottom left) was
placed between 5-12m from the vehicle, and the GSM-19 Overhauser magnetometer
(bottom right) was placed 100m away as a neutral reference.

involved strapping the full system with the propellers inverted
to a frame secured to the ground, then running the electric
propulsion system at different levels with a ground-based
magnetic sensor recording the noise levels. All of the testing
was performed at dusk when the diurnal variations caused
by the Sun’s magnetic field and solar wind are at their
lowest [40]]. A photograph of the setup is shown in Fig. [2] (left
and middle). A ground magnetometer was also placed 100m
away from the testing site, as well as from any roadways
or power lines, to provide a reference for the testing data
in case of any geomagnetic storms that might cause false
positives in the data. The main magnetic sensor was placed in
different areas with respect to the[UAV] as well as at different
distances. The tests were repeated once again with the [UAV]
oriented vertically and spinning the motors at different RPMs
to ensure a wide variety of points in 3d space relative to the
were recorded. A diagram of the testing procedure is
shown in Fig. 2}(right).

After processing the results, the noise emitted from the
main rear-mounted propulsion motor for the fixed-wing con-
figuration was detectable only up to about 9 meters at full
throttle. Due to the [EMI| noise spectrum following the inverse
square law, the intensity of the [EMI| signal is inversely
proportional to the square of the distance from the source, and
the intensities recorded corroborate this notion [41]], [42]. The
motor used for testing was a T-motor AT7224 40CC, which
can output approximately 17kg of thrust while drawing 6kw
of power at peak thrust, to sustain flight; however, only about
1.5kw is typically required [43]. Regardless of the power
level, at 10 meters distance from the m there is virtually
no discernible difference to the magnetic readings while the
UAV is at full power or shut down. Using the data gathered
from these tests, the signal-to-noise ratio of the system at
10m can be determined as ten times the logarithm base ten
of the ratio of the mean signal to the standard deviation [44]
(See Table [M).

C. UAV and Magnetometer Modifications
Adapting the fixed-wing platform with a

suspended magnetometer payload required structural and
functional modifications; these changes included:

Parameter Sensor Characteristic Recorded Value
Maximum Intensity 120,000 nT 53,617.4 nT
Minimum Intensity 15,000 nT 53,612.8 nT
Mean Intensity - 53,614.4 nT
Standard Deviation - 0.403 nT
Number of Data Points per Test - 100
Resolution 0.0001 nT 0.1 nT
Absolute Accuracy 0.1 nT 0.1 nT
SNR - 102.47

TABLE II: Statistics table for magnetometer performance at 10m from an operating
UAV using a GSMP35U magnetometer [45]. Maximum and minimum intensity are in
reference to the full range throughout testing while the mean and standard deviation
are based on 10 seconds of data while the system is at full throttle.

1) Airframe Reinforcement: Strengthening the airframe to
withstand forces exerted by the suspended payload during
various flight conditions.

2) Payload Mounting Point: Integration of a large carbon fiber
plate with a U-bolt at the center of gravity of the aircraft.
3) Safeguard Mechanism for Propeller: Implementation of a
cage-like mechanism to prevent tether entanglement in the
[UAV]s forward flight propeller during transition phases and
flight.

4) Aerodynamic and Propulsion Adjustments: Modifications
to the [UAV[s aerodynamics and propulsion system to sup-
port the suspended payload, maintaining flight stability and
efficiency.

5) Specialized Payload Mounting Brackets: Design of non-
ferrous mounting brackets to securely attach the payload to
the tether.

6) Aerodynamic Payload Cover: Development of an aero-
dynamic cover for the payload, featuring an empennage for
self-stabilization during high-speed flights.

To begin with, the airframe needed to be reinforced
to withstand the forces exerted by the suspended payload
during various flight conditions. The mounting point of the
suspended payload was connected to a large carbon fiber
plate intended to spread the load along the fuselage while
still centering the force at the center of gravity. It is crucial
that a slug payload is mounted at the center of gravity of
a fixed-wing platform to ensure disturbances in the payload
do not cause attitude alterations while in flight. Additionally,
a safeguard mechanism was implemented that prevented the
tether from getting entangled in the [UAV[s propellers during
the transition, while in flight, and during de-transition.

To properly estimate the required cable length for the
suspended payload from a dynamics perspective, a mathe-
matical relation needs to be formulated taking into account
all of the necessary attributes of the system. The intent is
to design a system that when flown produces a suspended
payload system with the least possible amount of swing as
well as settling time. This is described next. The equation is
a simplified model and does not account for several factors
such as aerodynamic effects, wind conditions, and complex
interactions between the drone and payload. A more precise
estimation of the system can be achieved using processes
such as computational fluid dynamics simulations to validate
and refine the model, but instead, practical experiments will
be completed based on the mathematical output.



Fig. 3: Free body diagram representing the payload dynamics of the system, the point
at the base representing the payload and the curve representing the path of the UAV

D. Cable Length for Suspended Payload

To develop an appropriate relation to represent this system,
first, the system variables and descriptions must be outlined.
Referring to the diagram shown in Fig. 3] these variables are
described as follows:

A: the amplitude of the swing (m).
mp: the mass of the payload (kg).

V: the speed of the vehicle (ms™1).

r: the radius of the turn (m).

g: the gravitational acceleration (ms~
ms~2).

L: the length of the rope (m).

(: the damping ratio of the rope material (dimensionless).
Cy: the drag coefficient of the payload (dimensionless).
A,: the cross-sectional area of the payload (m?).

p: the density of air (kgm™3).

As shown in Eq. (I), the algorithm can be formulated by
first calculating the centrifugal force (F.) on the payload
during the turn. Then calculate the change in the angle
(6) of the rope due to the centrifugal force as well as an
aerodynamic drag on the payload (Fy), and finally the net
force (F3,) on the payload due to the three forces [42]:

2 typically 9.81

V2 F,
F, = M , 8 =arctan ——, Fy = %pCdApVQ7
mpg
F, = \/F2 + (mp9)? + F. )

The natural frequency (w,,) of the payload swing and the
damping coefficient (c) of the rope can be calculated based
on the system specifications [42], shown below:

wa =12

n L )

The amplitude of the swing (A) can then be estimated using
an approximation for a damped harmonic oscillator. After
substituting in all the necessary variables, we have the final
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Fig. 4: Payload Dynamics Comparison: Calculated vs. Actual vs. Sensor Noise. The
Grey zone indicates the configuration with the best compromise between payload
dynamics and sensor noise. The difference in actual and calculated settling times could
be due to model simplifications.

equation for amplitude of swing from a suspended payload
system of a fixed-wing [UAV] shown in Eq. (3):

Fn/m,
Yt - v+ (25

To calculate the settling time, the effective damping co-
efficient (cer) must first be established, considering both
the inherent damping and the damping due to drag shown
in Eq. (E[) The settling time (7) for the payload can be
approximated by using the settling time equation for an
underdamped harmonic oscillator. With (A) in this case being
the initial amplitude from the above equation and (A fnar)
being the final amplitude within which the oscillation must

remain (Eq. (@)):

A~ 3)

1 In ( Aﬁml)
Ceff = C+ 7pCdApVY7 Ts ~ o . “4)
2 3my Wn

The payload swing amplitude and settling time are plotted
to determine if the expected system can perform favorably
at the EMI limit of 10m. The best compromise between
payload swing amplitude, settling time, and [EMI| will be
selected as the final system suspension length after testing
(See Fig. ). With a 10-meter cable length selected as the
target, the next stage of testing involves performing a full
systems test magnetic survey with a suspended magnetometer
to prove the data is usable. Various other lengths, including
8m and 12m were tested in controlled environments using a
[VTOL] [FW][UAV] platform. This testing not only verifies that
the suspended payload system will work to produce a high-
quality magnetic dataset, but also which cable length provides
the best mix between low noise and acceptable payload
dynamics. As the payload swings beneath the[UAV]in forward
flight, this introduces a new mechanical noise into the system
where the payload is taking measurements a few meters off
from where it should be producing a lower-quality dataset.
As the cable length increases, the frequency of the payload



swing decreases while the period and amplitude increase. In
a pendulum, the amplitude would decrease with an increase
in length, but in this case, the swing is caused primarily by
the initial turn at the start and end of each flight line.
Measuring the amplitude and settling time of the sus-
pended payload under the [UAV] was achieved through the
use of the [UAV[s onboard camera. The camera, aimed at the
payload, captured visual data of the payload’s movements,
and post-processing of this data allowed for the evaluation
of payload dynamics. The amplitude, or maximum swing
of the payload, was determined by identifying the furthest
points of the payload’s swing in the captured footage and
measuring the pixel distance between them. This pixel dis-
tance was converted into the actual distance by using the
known measurements of the payload size. The settling time
was calculated by identifying the point in the video where
the payload starts swinging (caused by initial turns at the
start and end of each flight line) and the point where the
swing amplitude falls within an acceptable range. The time
difference between these two points is the settling time.
With a long cable, the payload swings much higher,
causing the initial amplitude to be greater; this, coupled
with a longer settling time, produces unfavorable results for
magnetic sensing. The acquired data was analyzed for all
types of noise levels, considering the impact of [EMI| and
aerodynamic stability. After comparing the results, the 10m
cable length was identified as the most suitable tether length
that maintained a safe distance between the and the
payload, ensuring minimal and payload swing.

IV. RESULTS

After determining the optimal system characteristics, a
comparative analysis needs to be run to verify if the system
can acquire usable data. We compare two data sets: one
from a fixed-wing crewed survey, with rear mounted stinger
magnetometer, using Cs-3 cesium vapour magnetometers on
the Piper Navajo PA 31-325 CR platform conducted in 2013,
and the other using a proprietary magnetometer, Geometrics
MagArrow, on a [VTOI] fixed-wing [UAV] platform (ours);
these experiments are referred to as Piper and SuMag — Sus-
pended Magnetometer — respectively. The analysis revealed
that both systems performed similarly in terms of signal
strength and signal attenuation, with a positive correlation of
about 98% (signal ratio of 0.98). However, elevation changes
had a lesser impact on our systems’ signal strength, indicating
more stability in varying terrain. The economic aspects were
already summarized in Table [I] favouring our system.

For the comparative analysis, an appropriately mineral-
rich area was selected, and a comprehensive analysis was
conducted over a field size of 500m x 700m grids in
the Minden area, located in the south of Ontario, Canada.
The survey was flown at 85m altitude above ground level
and followed a flight pattern with a line spacing of 25m,
distinctly narrower compared to traditional helicopter-borne
aeromagnetic surveys, which generally utilize a line spacing
of 100m shown in Fig. [f] The mission plan was generated
automatically using custom-made software that outputs an

Fig. 5: (left) Fixed-wing UAV (SuMag; Suspended Magnetometer) with towed
bird style magnetometer, in this case, a Geometrics MagArrow, and (right) fixed-wing
crewed aircraft (Piper) with rear mounted stinger magnetometer, image from [47].

Fig. 6: (left) Image of the Minden survey site location, and (right) the same area with
the four waypoint mission files overlaid on the area in white. The takeoff location has
also been marked on the map. Each magnetic survey mission file is roughly 60 km
and would be completed in 40 minutes.

optimized mission file based on the survey area. These files
are optimized in such a way as to minimize the total number
of non-production kilometers that the system needs to fly
to maximize hourly in-line kilometers production. The flight
plans are created using a modification of the classic bous-
trophedon method flight planning following a skip segment
approach [46]. By skipping multiple lines this optimization
reduces the amount of swing.

After performing a set of flights to compare the data of
each system, the noise analysis revealed that the systems
are similar in terms of high-frequency noise. To compensate
for differences in line spacing between the two datasets,
the Piper data was resampled to approximate our system’s
data sampling intervals. Overall, while both systems showed
comparable performance in signal strength and attenuation
as seen in Fig. [7] our [UAV]system resulted in higher quality
data due to its lower altitude. Comparing the two [Tota
[Magnetic Field (TMF)| measurement maps from two different
surveys, the Piper survey depicts sharper boundaries and
greater detail in color transitions compared to the fixed-wing
survey in the lower altitude locations. Both maps display
broadly consistent patterns of magnetic anomalies, indicating
similar underlying geological structures. However, Piper’s
survey reveals more nuanced variations and distinct localized
features, such as smaller-scale anomalies, which are not as
pronounced in the fixed-wing survey. The differences in the
detail and granularity of the anomalies highlight the variance
in data resolution between the two survey methods. For full
resolution maps, please refer to the link providecﬂ

Several other analysis techniques were considered based on
the specific objectives of the project and the resultant data

Uhttps://sites.google.com/view/mineral-aircraft/vtol-fixed-wing-uav
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quality enhancements. Radially Averaged Power Spectrum
(RAPS) was considered for the analysis to better analyze
the overall distribution of spectral energy in an isotropic
manner across the data set. In the end, the computational cost
and time associated with transforming and analyzing data
in the frequency domain outweighed the benefits, especially
for this specific comparison use case, where simpler spatial
domain techniques will suffice. Additionally, the
[to the Pole (RTP)| process was not included as the area has
a very low magnetic latitude, which reduces the necessity of
as the magnetic field in Ontario has a high magnetic
inclination. Should the location have been located closer
to the equator with a lower magnetic inclination, the [RTP|
procedures may have been a necessity [49]. Additionally, the
geological structure of the region is relatively simple and
well-understood, diminishing the benefits of edge enhance-
ment in further delineating geological features. These factors,
combined with the survey’s straightforward objectives, indi-
cated that simpler data processing methods were sufficient to
create a comparison between the two systems.

Fig. [§] reveals the signal ratio between crewed aircraft
(Piper) and our fixed-wing data to be nearly 1, indicating

both have similar capabilities when levelled at the same
altitude. The [TMH range is indicated at the bottom of the
image, showing the minimum and maximum readings
for that section of the flight. The statistical analysis of the
crewed aircraft data led to a mean value of 1082 [nT] and a
zero offset value of 116 which was added to the Piper
total magnetic intensity vs our fixed-wing total magnetic
intensity difference to convert it into positive values for easier
comparison. Normalization and calibration in data analysis,
while beneficial, come with potential downsides such as the
loss of absolute reference, potential misinterpretation, and the
amplification of noise. In this study, meticulous steps were
implemented to address these challenges and to minimize
their effects, ensuring the results maintain both relevance and
accuracy. This normalization process was required in order to
properly perform the subtraction-based analysis but the un-
normalized data can be found in Fig.[7] After applying these
methods, results depicted in Fig. [§] confirmed that changes
in signal largely stem from topographical variations, rather
than differences in the acquisition systems’ capabilities.
[Shuttle Radar Topography Mission (SRTM)| was a collabo-
rative project to generate high-resolution digital topographic
maps of the Earth’s surface that depict the height of the
Earth’s landforms above sea level. The correlation between
magnetic images and [SRTM] elevation data suggests that the
observed changes in signal strength are also influenced by
the area’s geology. To confirm that signal change is due
to terrain, a terrain profile was extracted from both grids
and contrasted with the observed difference between the two
systems’ signals. Fig. [0] shows the location of the chosen
profile and the variations in signal strength between the
two systems in relation to SRTM-derived elevations. Both
systems have equivalent signal measurement when leveled
at the same altitude. This leveling process involves using
the upward continuation method to simulate the effect of
measuring it from a higher altitude than originally recorded.
This technique smooths out local anomalies and reduces
noise, making it easier to compare datasets collected at
different altitudes or with varying resolutions. This process
was applied to our data to make the datasets more
comparable, enhancing the analysis between different survey
methods. Though the data was re-leveld, distinctive variations
occur in valleys and hills. Our system performs better in low-
elevation areas, with only subtle differences detected from
the Piper’s dataset. In high-elevation areas, the difference
nears zero, mainly because both systems are close to the
magnetic source, and the fixed-wing easily maintains terrain
clearance. The average variation in the calculated signal
strength difference is around 60[nT]|to 80[nT] the typical range
of an Overhauser magnetometer is from 20,000 to 100,000
for reference. Over larger distances, both systems show
minor variations with subtle topography changes, with the
[UAV] system being higher resolution at lower altitudes.

V. CONCLUSIONS AND FUTURE WORKS

This research provided insight into the challenges and
solutions associated with integrating high-sensitivity sensors
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onto VTOL [UAVE. Our novel approach to sensor integration
on VTOL UAVs, addressed challenges like electromagnetic
interference and payload dynamics, which have been barriers
in the past. The results have shown the potential of the
proposed solution in the field of [UAV}based data acquisition.

In the future, we will explore the possibility of deploy-
ing multiple to make the mineral exploration more
automated and economically viable [30], [51]]. It is also
possible to transport the sensor with multiple smaller
m. Parallelly, the rich amount of data we accumulate
from VTOL UAVs points towards the necessity of 3D
data fusion techniques and analysis. The rapidly expanding
fields of machine learning and artificial intelligence offer
enticing prospects, potentially generating models tailor-made
for deciphering magnetic mineral data from VTOL [UAVE.
Also, as we push the boundaries of VTOL [UAV] capabilities,
safety and regulatory considerations must remain at the
forefront, necessitating research into robust safety protocols
and alignment with contemporary aviation regulations [53]].
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