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Unmanned Aerial Vehicles (UAV) and
ground-based electromagnetic (EM) systems
Mehrdad Bastani (Geological Survey of Sweden), Henrik Johansson (Geological
Survey of Sweden), Alex Paulusson (AMKVO AB), Kent Paulusson (AMKVO AB),
Lars Dynesius (Uppsala University)
Can you tell us about yourself and your team?
I am Mehrdad Bastani. I have a PhD in geophysics in the
field of electromagnetic. I’ve been a senior geophysicist at the
Geological Survey of Sweden (SGU) since 2000, working with
processing, modelling and interpretation of large ground and
airborne geophysical datasets. The team developing UAV prototypes also involves some other experts and has worked earlier
on testing UAV-magnetic surveys (Malehmir et al., 2017)..
Henrik Johansson, who holds a PhD in physics, is the manager of the airborne geophysics group at SGU and works with
data processing, software development, hardware development
and maintenance.
Alex Paulusson and Kent Paulusson are from AMKVO AB
based in Uppsala, Sweden, an SME company specializing in
Unmanned Aerial Vehicles (UAV). They were founded in 2014
and are experts in photography, thermography and 3D scanning/
modelling using UAV.
Lars Dynesius is a senior research engineer from Uppsala
University (UU) with more than 40 years of experience working
on and developing geophysical equipment.

Can you tell us about your team’s task in Smart
Exploration?
SGU is the expert agency for matters relating to bedrock, soil and
groundwater in Sweden. One main task is supporting the development of the mining, rock and mineral industry and promoting
the use of geological information in societal planning. Therefore,
we became involved in Smart Exploration to further develop new
systems for drone measurements.
SGU is responsible for leading the development work in
WP2, including hardware and software development of the
geophysical measurement system and data processing software.
The geophysical development work is done in collaboration with
Uppsala University. AMKVO AB is responsible for development
of the UAV, including the birds that house the geophysical
instruments, as well as operating the UAV.
SGU and Uppsala University have been in close collaboration to design and construct the data acquisition systems for
both drone and ground surface measurements. We have been
collaborating with AMKVO AB to construct a drone with optimal
efficiency and minimum EM noise (Figure 1, left frame). We

Figure 1 EM noise tests carried out in the shielded room at Ångström laboratory, Uppsala (left). UAV with the bird housing the system for magnetic field measurements
(middle). All the electronics are mounted in the bird. UAV with the EM system hanging below (right). The data acquisition system is between the UAV and the bird. Photos are
taken by AMKVO AB.
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Figure 2 Preliminary results of the test measurements
carried out on 24 June in an area in Sweden.
Apparent resistivity map from SGU’s fixed-wing VLF
measurements carried out in 2016 with a flightline separation of 200 m (left). Apparent resistivity
map from the UAV measurements with a flight-line
separation of 100 m (right). UAV flight-lines are shown
in both figures for reference.

have also selected a test site in close contact with Nordic Iron Ore
(NIO) and Uppsala University.
What is the main motive of developing such
prototype?
Geophysical surveys are routinely conducted in a wide range
of scales to image underground structures and resources in 3D.
The surveys cover a wide spectrum of methods and techniques
ranging from borehole to airborne measurements. For the
latter, large data acquisition systems are mounted on aircrafts
flying over areas extended to several hundreds of kilometres
and acquire data in a reasonably short period of time. Airborne
surveys are cost-effective if the areas covered are large enough
so that the cost per data point is effectively low. Moreover, in
many applications the airborne data lack spatial resolution and
a more detailed survey, for example ground measurements, is
inevitable. Ground surveys, on the other hand, are conducted
over much smaller areas and usually focus on the targets selected by analysis of airborne data. Such surveys are rather slow and
demand extensive manpower in the field. There are even cases
where the ground surveys are not feasible because of existing
obstacles, for example waterbodies or harsh topographical
variations.
Considering such circumstances, a need for development
of measurements systems that acquire data as fast as airborne
and as accurate as ground systems is necessary. Unmanned
Aerial Vehicles (UAV) are good alternatives for such purposes.
There are already many geophysical data acquisition systems
in the market mounted on UAVs, for example the UAV system
developed by GEM Ltd in Canada that measured the earth
magnetic field.
One very popular geophysical method is frequency domain
electromagnetics (EM) where the electric and magnetic field
components of EM fields are measured to map and model the
earth electrical resistivity. There are plenty of applications
showing the importance of the models of electrical resistivity.
Example applications are: mapping conductive man-made
pollutions from a wide range of activities such as mining,
agriculture, sea water intrusion caused by uncontrolled pumping
etc; modelling conductive orebodies such as iron or copper
sulphides, graphite horizons and imaging fracture zones in
infrastructure projects.
88
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Can you describe the system?
We have developed three geophysical systems.
The first is a UAV-borne system for measuring the Earth’s
total magnetic field. It is based on GEM Systems GSMP-35U
sensor. The platform features a laser altimeter, Inertial Measurement Unit (IMU) and Global Navigation Satellite Systems
(GNSS) receiver (Figure 1, middle frame).
The second is a UAV-borne system for the so-called extended-VLF band measurement. It is based on three orthogonally
mounted induction coil sensors and a data acquisition system with
up to 1 MHz continuous data sampling of the EM magnetic field
components. The effective bandwidth is 1 to 350 kHz, and the
data sampling is synchronized to the GPS Pulse Per Second (PPS)
to facilitate timing synchronization with other equipment. This
platform also features a laser altimeter, IMU and GNSS receiver
(Figure 1, right frame).
The third system is a ground-based electromagnetic (EM)
system capable of measuring both the magnetic and the electric
field in the bandwidth 10 Hz to 250 kHz. The data recording
of all channels is synchronous and continuous with GPS PPS
synchronized sampling.
All three systems were assembled within the project. The
UAV was built for the purpose of minimizing its EM noise
signature and provides at least 20 min flight time with payload. In
addition, we have developed a MATLAB-based data processing
software for in-field visualization and processing of EM data.
Can you define the process of this development?
It took 18 months to complete the hardware and software. The
systems were ready for the test that was planned for May 2020.
Because of some delays caused by the Corona pandemic we
anticipate that the field tests will be completed by the end of
September 2020.
Are there any risks to the environment or safety
concerns with this system?
With UAV operations there is always risk of in-flight failure
or loss of payload during flight. We have implemented several
features to minimize these risks, including securing payload with
double connections, a UAV with six motors to cope with one
engine failure, and a return-to-home function in case of signal
loss between ground and UAV.
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What is the main difference between this
prototype and other UAV systems?
Although there are reported attempts on mounting EM data
acquisition systems on UAVs, there are no available commercial
system of this type in the market. This might be because: a) The
noise figure is not properly modelled and compensated for b) The
data processing is not well-developed and established c) The data
acquisition systems used are heavy and not designed properly for
the UAV-based measurements.
Our team has long experience in development and construction of both ground as well as fixed-wing EM systems.
We are familiar with the problem and have solutions for noise
identification and reduction. We have also developed dedicated
software for data processing and noise manipulation.
Has the system been validated?
We are currently conducting our validation tests. Our backyard
tests have been very promising and at the end of June we carried
out survey flights over a known magnetic anomaly outside of
Ludvika in Sweden. We are currently processing this data and
plan to have it ready at the end of the summer or early fall.
Then we will also carry out measurements with a controlled
source for the ground system, as well as for the UAV-borne
system. Hopefully, depending on how the pandemic situation
develops, we will also carry out additional survey flights at a
site in Finland.
What have been the main challenges throughout
this development work?
The main challenges were:
• Selection of suitable components for an electrical drone with a
reasonable payload and flight time,
• Noise from the drone,
• Choice of proper EM sensors that cover a large bandwidth,
• Power consumption,
• Design and production of a bird that houses all the sensors
and is light and stable,

• Reducing the weight of the UAV systems.
We made a lot of effort to construct a solution that meets our
expectations.
Can you elaborate on the difference this solution
is expected to bring to the industry?
The EM system is fitted for small-to-medium size surveys at the
so-called brownfield and even smaller greenfield areas where the
surveys with larger systems mounted on a fixed-wing and helicopter
are currently utilized commercially. The system is easy to mount
and operate in areas with a proper visual site. Such a system
provides sufficient depth penetration (500 m at 1 kHz in areas with
average 1000 Ohmm resistivity).
Besides the mineral exploration purposes, the system can be
used for geological surveys, infrastructure corporations, universities
and research centres, water management organizations and to some
extent military.
What is the future for this prototype?
We are considering applying for a patent that might cover the entire
measurement set up; the data acquisition, the UAV including the
birds, and the software solution. After the tests within the Smart
Exploration we will showcase our results in the international
conferences and publish them in the relevant journals.
In general, SGU does not involve in any commercial work but
we are interested in taking up services. Our project partner AMKVO
AB is interested to commercially take it to the next level, where we
can benefit by providing our services. We are certainly planning
to utilize the UAV system in the SGU’s routine work where more
detailed surveys are demanded and that will promote our products
for both industry and society.
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Smart Exploration Team, Siilinjärvi Mine Site, Finland (2019)
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