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Drones, also referred as Unmanned Aircraft Systems (UAS),
Unmanned Aerial Vehicles (UAV) or Remotely Piloted Aircraft
(RPA), are aircraft without pilot on board. Currently the drones are
used for geological and topographic mapping, coastal control,
landslide inspections, etc., and are capable to integrate geophysical
sensors like magnetic, electromagnetic, infrared, radar, natural
gamma ray sensors and etc. UAS technology have several advantage
over conventional airborne geophysics like resolution, accuracy,
cost, etc. We are witnessing the birth of a new branch of aviation,
which could be profitably applied to geophysics measurements.

In the modern-day advent of new technologies and methodologies in
geophysics has become more important than ever before in acquiring
better data from the Earth’s subsurface. This advent has yielded a
somewhat predicted fusion in the way geophysical data is acquired,
by combining the power of Unmanned Aerial Vehicles (UAVs) and
smaller, more hardware-integrated sensing equipment. Safety and
cost considerations very play in the cause and effect of this culture
shift in the realm of geophysics, whereas drones are more capable of
flying closer to the ground, have greater vertical gradients, require
less power for flight, and most evidently, the non-necessity of human
collateral. Ultimately, drones should be, and to an extent is becoming,
at least in geophysics, the way of the future.
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1. Introduction

The future prospects for drone technology in mineral exploration are incredibly promising. As
technology continues to advance at an unprecedented rate, so too does the potential for using drones in
geophysical surveys. These unmanned aerial vehicles (UAVs) offer significant advantages over traditional
survey methods, including improved efficiency, accuracy, and cost-effectiveness [1-3]. Fig. 1 displays the
time line of important developments of geophysical instruments, methodologies and the increase of
computational power and the miniaturization of instruments through advances in micro electronic
engineering. Drone geophysics benefits from this trend. Due to limited payload capacity and the limited
flight time, drone geophysics relies on the ability to make the sensors lightweight. All rotary wing UAV
allow flight times up to 30 min and payloads between 1kg and 10kg. In the future a swarm of drones will
enable novel sensor configurations that will yield new resolution enhancement properties through multi-
source multi-receiver combinations. One exciting advancement in drone technology is the development of
high-resolution sensors and cameras that can capture detailed data from above the ground [4]. This allows
for more precise mapping of mineral deposits and the identification of potential areas for exploration [5].
Additionally, drones equipped with advanced software and artificial intelligence capabilities can analyze
this data in real-time, providing geologists and explorers with valuable insights and actionable information
[6, 7]. Another area of advancement is the integration of different sensors and technologies into a single
drone platform [8]. For example, drones can be equipped with magnetometers, spectrometers, and other
geophysical instruments to gather a wide range of data. This multi-sensor approach provides a
comprehensive view of the subsurface, enabling geologists to better understand the mineral composition
and potential of an area. Furthermore, the use of drones in mineral exploration is not limited to above-
ground surveys. Recent advancements in underwater drone technology have opened up new possibilities
for exploring underwater mineral resources. These remotely operated vehicles (ROVs) can navigate deep
waters, collecting data and samples from areas that were previously inaccessible [9]. As drone technology
continues to evolve, we can expect even more advancements in the field of mineral exploration. Improved
battery life and flight times will allow for longer and more extensive surveys [10]. Enhanced autonomous
capabilities will enable drones to operate in challenging environments, such as dense forests or rugged
terrains [11]. Additionally, ongoing research and development will likely lead to the creation of specialized
drones specifically designed for mineral exploration purposes [1]. In conclusion, the future of drone
technology in mineral exploration is incredibly bright. The advancements made in recent years have already
revolutionized the way we approach geophysical surveys [12]. With continued advancements and
investments in research and development, we can expect drones to play an increasingly vital role in
unlocking the potential of mineral resources and driving the advancement of the mining industry [10].
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Fig. 1. Time line of key developments in drone geophysics [13].
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2. Types of Drones

Drones have evolved in different configurations in order to develop different flight characteristics that
could be exploited for various uses. The European Association of Unmanned Vehicles Systems
(EUROUVS), according to their size, flight altitude, endurance and capabilities, has classified UAVs in
several categories.

Micro and Mini UAVs have short range, limited endurance and limited payload. Tactical UAVs can
further be subdivided into six categories: Close range (CR), Short range (SR), Medium range (MR), Long
range (LR), Endurance (EN), and Medium Altitude Long Range (MALE). Close, short and medium range
UAVs are limited in range by their communication line of sight. Strategic UAVs are bigger and heavier
platforms usually used for high altitude, long endurance and long-range purposes. Special Task UAVs can
be any of the above three categories which are used for a specific purpose. Drones can also be classified
according to their shape into four different types: airships, flying-wing, fixed-wing and rotary-wing.

Airship drones are aircraft lighter than the air, similar to the conventional airships. These vehicles have
massive size, long operating time but low cruising velocity. These types of drones are particularly suitable
for use in enclosed and crowded spaces because little dangerous in case of overflight on people; in fact,
their conformation avoids sudden and ruinous falls.

Flying-wing UASs are drones with high aerodynamic efficiency that can rise from the ground
independently and exploit air currents for flying and landing upwind. The mechanism of flight, inspired by
that of the birds is animated by a set of gear wheels and cams that transforms the rotary motion of a small
electric motor into the swing motion of the wings.

Fixed-wing UASs are similar to airplanes. The fixed-wings provide aerodynamic lift, and then, for a
given weight and engine power, allow to extend the operating time of the flight. This type of drones is
suitable for applications where it is necessary to cover large areas. Conversely, these UASs require large
space for the landing, but not always for the take-off, since some models can be directly launched in flight
by hand or by means of small catapults. The main aecrodynamics advantage for the fixed-wing UAS is the
fuselage-wing. Fuselage-wing drones, thanks to a significant decrease in the aecrodynamic drag and weight
ensure the best performance in its category. However, the elimination of the empennage and the suppression
of the drift imply a loss of directional stability, as well as some disruption in flight at low speeds, mainly
due to the difficulty of applying the high lift of traditional flying wing. The best way to solve this problem
is use of wings with sweep angles moderately accentuated. The fact that in a flying-wing drone the whole
payload must be housed within the thickness of the wing can cause further difficulties: a wing with a profile
enough to contain all the necessary facilities for the operation of the aircraft would have a front section so
broad as to nullify the usefulness of the flying wing formula in reducing the resistance; for this reason, in
flying-wing drone, the sensors are often housed externally to the profile [14].

Rotary-wing UASs are drones able of vertical take-off and landing, with capability of stationing in flight
(hovering). The control of the main rotor allows these drones easily fling in all directions without limitation;
this great flight control, however, is obtained at the expense of the autonomy of Near Surface Geoscience
Turin, Italy, 6-10 September 2015flight. Miniaturization of the components needed for the scale production
of a typical rotary-wing vehicle, has highlighted several problems. The helicopter main rotor, more than
that of the tail, is quite dangerous owing to the exposure of the blades that are relatively large and therefore
potentially harmful in case of impact. In addition, the tail rotor, in turn, constitutes a waste of power by
accomplishing only the compensation function of the reaction torque of the main rotor.

A configuration that definitely remedies to the complexity of the chain of command of a helicopter is
that of multi copter. This uses pairs of counter-rotating rotors to achieve the same stability without the need
of the tail rotor for the contrast to the rotational movement caused by the main rotor.
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3. Advantages and Disadvantages

The drawbacks of using manned aircraft can be numerous, however there are some main considerations.
First and foremost, the safety of the crew members on board the vessel. The aircraft is operating lower than
in normal flight operations, and the crew may be exposed to very rough terrain in very remote regions of
the World. Another drawback of using traditional methods is the cost of operation. Given the number of
crew members on board and considering their required skillset, there is a financial burden of employing
staff, mobilizing them to the field, and other individual expenses potentially making up a large portion of
the cost of performing a survey. These two considerations are reasonably the more malleable given the
nature of the technological advancements that now exist in the realm of geophysics, and therefore an
alternative, or multiple alternatives, can and have been developed to account for this malleability, creating
an oasis for research and development in the desert of high cost and high safety concerns [15].

Unmanned Aerial Vehicles (UAVs) have existed for several years now and are more accessible than
ever to a consumer market. The availability of these vehicles has stirred innovation in airborne geophysics.
Industrial and educational researchers are working on optimizing the use of drones in geophysics (Fig. 2).

There are obvious benefits to using UAV technology in geophysical surveying. For the matter
concerning the cost of operation and executing an airborne geophysical survey, commercial drones are
generally less expensive than manned aircraft, however this is only valid for smaller drones, and not the
very large military grade ones. Be that as it may, the relative excess cost taken on by having more
sophisticated equipment is, to a variable degree, offset by the savings accrued by not having to hire on
board crew for the UAV. Subsequently, the lack of human collateral on board the aircraft now means that
the safety factor is significantly greater. This ultimately means that the aircraft can perform more risky
maneuvers, and as a direct result of this, can have greater vertical gradient allowances compared to manned
aircraft.

The use of drone technology for such undertakings requires heavy scrutiny, and rightfully so, to assert
the feasibility of its performance in the field. A reasonable concern in field work is the endurance of the
drone, and how many line kilometers can be flown per flight, as in, “how much production per unit time is
ultimately achieved?”. While smaller/lighter drones require less thrust from the engines to produce lift, it
is also regretfully the case that these drones are equipped with smaller batteries, or smaller fuel cells
resulting in shorter flight times, and ultimately lesser line kilometers flown per flight.
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Fig. 2. Principle of Semi-Airborne Electromagnetics on a
Multicopter [13]

Additionally, to the concerns of flight operations of the UAV itself, the geophysical technology that has
been miniaturized to satisfy the payload criteria of the UAV is still short of delivering full capabilities given
the sacrifices made to the accuracy, or even depth of penetration for active systems, such as
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electromagnetism. For mineral exploration, the equipment requires more development, thus rendering the
equipment currently useless, hence companies are still forced to use manned aircraft to conduct the
geophysical surveys. For agriculture, gamma ray spectrometry can be used to estimate soil moisture and
soil composition, however, the accuracy of the measurements can decrease as the UAV systems are
generally smaller than what is typically used on manned-aircraft.

UAS technology have several advantages over conventional airborne geophysics (Fig. 3):

- the resolution and accuracy are higher compared to the deployment of conventional manned aircrafts
because UAS can fly much smaller ground clearance;

- it is cost effective and requires less personnel compared to conventional geophysical platforms;

- only the area of interest is flown; no excess flight lines are necessary.

Fig. 3. The Unmanned Aerial Vehicle (UAV)-magnetometer system, carrying two magnetometers, radar
altimeter, GPS, data recording and power module. The top magnetic sensor is labelled as magnetometer 1 and the
bottom magnetic sensor is labelled as magnetometer 2 [16].

4. Results

using drone borne technology and geophysical methodologies to accomplish surveys investigating the
subsurface of the Earth is not only a realistic thought, but one that has been applied and has produced
convincing results that push for more research to advance the use of such combination of small devices and
UAVs. Addressing the core issue of the importance of using UAVs in geophysics is just the tip of the
iceberg, and still requires much development to yield an efficient, safe, and profitable method to execute
airborne geophysical surveys, and this brief overview has presented why it is very reasonable to believe
that using UAVs alongside geophysical technology is the way of the future.

5. Discussion

Unmanned Aerial Vehicles (UAVs) are increasing significantly in popularity in both the commercial
and industrial senses. In the geosciences, airplanes and helicopters can be used to undertake geophysical
surveys investigating the subsurface in search of resources such as minerals and water, and to monitor
ground exploitation for agriculture. Aerial methods in geophysics are not new by any stretch of the
imagination, however there are many sets of technological advancements that now allow for the
miniaturization of these devices required to undertake surveys.
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6. Conclusions

The drones allow the 'remote' location of a sensor, and to transmit the information, without the need to
expose risks human life. Their ability to reach areas difficult / impossible to inspect from the ground,
quickly and in a repetitive manner, allow to minimize inspection costs and avoid exposure of personnel to
possible environmental risks. A specific drone must ultimately be chosen according to its own peculiarities
in response to specific operating requirements. Ultimately, we are witnessing the birth of a new branch of
aviation, which could be profitably applied to geophysics measurements, therefore is necessary prepare the
players to the use the drone peculiarities for the future missions in order to allow a more effective and
efficient exploitation of these new tools.
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