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In the present work, we tested the use of selfie drones as a tool for 3D modeling, geological mapping, and
data collection. The model we used is a 0.300-kg multirotor quadcopter being equipped with a 1/2.3-inch
CMOS sensor capable of capturing 12 Megapixel pictures, attached to a 2-axis mechanical gimble and with
approximately 16 minutes of flight time. Test sites are located in Santorini and are characterised by different
settings: i) the 1570-1573 AD volcanic crater area, in Nea Kameni island, has a mostly horizontal topography;
ii) the outcrop along Vlychada beach, showing layers of the Late Bronze Age (also well-known as Minoan)
eruption, has mostly vertical topography. By applying the Structure from Motion techniques to pictures
collected using the selfie drone, we were capable of: i) reconstructing the two sites with centimetric to sub-
centimetric resolution; ii) recognizing geological features on very high-resolution Digital Surface Models and
Ortomosaics; iii) mapping vertical cliffs made up of volcanic deposits on 3D Digital Outcrops Models; iv)

collect new quantitative data for both sites.

1 INTRODUCTION

Field studies and data collection are vital for mapping
and understanding the active geological processes on
Earth, particularly for those that induced superficial
deformations like earthquakes and shallow magmatic
processes (e.g. Bonali et al., 2012; Tibaldi et al.,
2017). However, field studies and direct observations
are very often limited by specific field-related
conditions such as the inaccessibility of key outcrops
due to their location in remote or dangerous areas
(e.g. Tibaldi et al., 2008). The Structure from Motion
and Multiview stereo (SfM-MVS) photogrammetry
techniques, where photos are collected using
Unmanned Aerial Vehicles (UAVs), are nowadays
widely used in Earth and Environmental Sciences to

https://orcid.org/0000-0003-3256-0793
https://orcid.org/0000-0002-5099-0351
https://orcid.org/0000-0002-6713-9141
412 https://orcid.org/0000-0003-2871-8009
¢ https://orcid.org/0000-0001-8842-9730

(=2

[

Bonali, F., Antoniou, V., Vlasopoulos, O., Tibaldi, A. and Nomikou, P.

overcome these problems providing high-resolution
3D Digital Outcrop Models (DOMs), digital surface
models (DSMs) and Orthomosaics as results (e.g.
Bonali et al., 2019a; Fallati et al., 2019). Most people
dealing with geological and geohazard studies use
different types of UAVs: balloons, multi-rotor, fixed-
wing and hybrid. Whereas balloons do not need fuel
or battery, on the other hand they cannot be remotely
controlled. Hybrid types allow to switch between
flying like a fixed-wing aircraft and hovering like a
multi-rotor one. The fixed-wing type can cover larger
areas in a smaller time frame using high quality
cameras, but such model is more difficult to be
transported and more expensive than multi-rotor
UAVs. Based on our experience, the latter can fly at
very low heights attaining a great field resolution, and
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much more importantly, take-off and landing
operations are easier than for fixed-wing models; this
is crucial especially in difficult logistic terrains (e.g.
outcropping lavas, Bonali et al., 2019a).

In the present work we tested the use of the so
called “selfie drones” - quadcopter type - to produce
very high-detailed 3D DOMs of relevant outcrops for
geological mapping, data collection and scientific
dissemination. As case studies we selected two sites
within the Santorini volcanic complex (Fig. 1) with
different characteristics: i) the 1570-1573 AD
volcanic crater in Nea Kameni island and ii) an
outstanding vertical outcrop showing volcanic
layered deposits, along the Vlychada Beach, southern
Santorini (Fig. 1B).

2 GEOLOGICAL SETTING OF
KEY SITES

Santorini volcanic group is a ring of three islands
(Thera, Therasia, and Aspronisi) around a flooded
caldera containing the islands of Palea and Nea
Kameni, which postdate caldera collapse (3.6ka) and
are the subaerial expressions of an intracaldera,
largely submarine lava shield (Druitt, 2014). The
caldera is a 11x7km composite structure resulting
from at least four collapses over the last 200ky (Druitt
and Francaviglia, 1992), the last of which took place
during, and immediately following, the ~1630 BCE
‘Minoan’ eruption (Friedrich et al., 2006). It consists
of three flat-floored basins: a large northern 390m
deep, and two smaller ones (western: 320m and
southern: 270m respectively, Nomikou et al., 2013).

The Kameni islands are the subaerial expression
of a 4.3 + 0.7km? intracaldera shield, 3.5km in basal
diameter, the summit of which towers 470m above
the caldera seafloor. The magmatic vents of both, lie
within a NE-SW volcanotectonic line which controls
the magma ascent of the region.

The evolution of the Kameni islands has been
determined by 9 subaerial eruptions: 197 BCE,
AD46-47, AD726, 1570-1573, 1707-1711, 1866-70,
1925-28, 1939-41, and 1950 (Pyle and Elliot, 2006)
that discharged dacitic flows and formed domes,
channels and levees, blocky lavas, ash plumes
(Vulcanian  eruptions) and ballistic ejecta.
Bathymetric imagery data have revealed unknown
submarine flows (pillow lavas) defining the actual
morphology (pillow lavas) and final volume of
products from Kameni Volcano to 4.85+0.7 km3
(Nomikou et al., 2014).
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The 1570-1573 AD volcanic crater is located in
the northeastern part of it. During its surtseyan activity
which was accompanied by ash-fall and block fall-out,
a small lava dome named Mikri Kameni was extruded
(Watts et al., 2015).
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Figure 1: Location of Santorini group in the Aegean Sea (A)
and selected sites belonging to Santorini Volcanic Complex

(®).

Moving to the external southern part of Thera
island, and along Vlychada beach, a very well
exposed section with pumice layers deposited during
the famous Late Bronze Age (LBA) (well-known also
as Minoan) eruption, can be seen. The LBA eruption
of Santorini has influenced the decline of the great
Minoan civilization on Crete, making it an iconic
event in both volcanology and archaeology (e.g.,
Manning et al. 2006; Druitt, 2014). It discharged
between 30 and 80km® (dense rock equivalent;
Johnston et. al., 2014) of rhyodacitic magma, mostly
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as pyroclastic flows which entered the sea, and are
preserved as ignimbrite in the surrounding submarine
basins (Sigurdsson et. al., 2006). According to
numerous volcanological studies, there is a consensus
that the eruption occurred in four major phases with
an initial precursory phase (Reck, 1936; Heiken and
McCoy, 1990; Druitt, 2014). In Vlychada, volcanic
products from phases P2 and mostly P3 and P4 can be
recognized. Phase P2 products are dominated by
pyroclastic surge deposits with multiple bedsets,
dune-like bedforms with wavelengths of several
meters or more, bomb sag horizons, and TRM
temperatures of 100-250°C. Phase P3 is a coarse-
grained, massive, phreatomagmatic ignimbrite up to
55m thick (Druitt et al., 1999), still reflecting magma-
water interaction and deposited at low temperatures
(Druitt, 2014; McClelland E. & Thomas R. A.,1990).
Phase P4 is a tan- to pink- colored compound
ignimbrite (“tan ignimbrite”) (Druitt, 2014), mostly
finegrained (ash and lapilli grade), with a high
abundance of comminuted lithic debris in the ash
fraction (Bond and Sparks, 1976) (Fig. 2B).

S NA

Figure 2: (A) Panoramic view of Nea Kameni island, the
location of 1570-1573 crater is indicated. (B) UAV-
captured picture showing part of the LBA deposit
outcropping along the Vlychada beach, the recognizable
phases (P2, P3 and P4) are indicated.

3 3D MODELLING

In this section we present the used workflow, aimed
at 3D DOMs construction, which can be divided in
three parts: i) appropriate UAV selection, i) data
collection (digital image gathering and setup of
Ground Control Points - GCPs), and iii) SIM-MVS
photogrammetry processing - data processing and
model reconstruction. The results are in the form of
Digital Surface Models (DSMs), Orthomosaics and
3D DOMs (or Virtual Outcrops).

3.1 UAY Selection and Use

For the present research, a commercial multi-rotor
vehicle has been chosen, since it can be remotely
controlled, is characterized by a stable hovering, can
be easily transported in the field and is less expensive
than hybrid and fixed-wing models. In addition, it can
fly at very low heights, thus obtaining greater field
resolution, while take-off and landing operations are
smoother compare to that of fixed-wing models and
this can be crucial especially when operating in
difficult logistic terrains, such as lava flow outcrops
or remote beach areas (Bonali et al., 2019a; Fallati et
al., 2019). Having that in mind, we selected the DJI
Spark “selfie drone” (Fig. 3), being a 0.300-kg
vehicle equipped with a 1/2.3 inch CMOS sensor
capable of capturing 12 Megapixel pictures, including
EXIF information (Exchangeable Image file Format)
GPS geographic coordinates (DATUM WGS84), and
video up to 1080p at 30 fps, while its storage capacity
is up to 64 GBs via a Micro SD card. Its flight time is
approximately 16 minutes, thus four batteries and an
external charger (since it can be also charged by USB
plug) were used for the survey. The camera is
attached to a 2-axis mechanical gimble that provides
stabilization, allowing to capture clear, stable images
and video, having a tilting range of 0-85°. Owing to
its small size and low weight, we retain that this
model is useful for field research and 3D DOM
reconstruction, particularly for outcrops located in
very remote areas where the equipment must be
carried on foot.

3.2 Flight Mission and Data Collection

The first step has been devoted to defining the area to
be surveyed and to planning the details of the flight
missions, such as path orientation. In doing this, care
must be taken of wind direction, which may affect
UAV flight performance. As the surveyed geological
objects are situated in very remote areas, we made use
of the smaller DJI Spark, managed through the DJI
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GO App (https://www.dji.com/it/goapp). Generally,
mission planning involves fundamental parameters
like path orientation, overlaps of images, flight
height, flight speed, also depending on camera
characteristics (e.g. Bonali et al.,, 2019). Such
parameters influence the quality of the generated
products (3D point cloud, DSM, orthomosaic, 3D
Model). As suggested in recent works (Gerloni et al.,
2018; Antoniou et al. 2019; Bonali et al. 2019a;
Krokos et al. 2019), UAV-captured photos should
have an overlap of 90% along single paths and 80%
in a lateral direction, so as to obtain a better alignment
of the images and reduce distortions on the resulting
orthomosaics. The UAV we tested does not use any
autopilot system, so that it has been manually
controlled by the pilot for the entire duration of the
mission. We are aware that not using mission
planning software can affect the final quality of the
model, but it was one of the challenge of the present
work).

Figure 3: The selfie drone used in the present work, also
equipped with propeller guards, person for scale.

In order to reach the goals of the present work,
during image collection pictures were taken from a
height lower than 30 m, the drone flew at a speed of
2 m/s with an overlap consistently in a range of 90-
85% along paths and 80-75% in a lateral direction;
images were captured every 2 seconds (equal time
interval mode), and in optimal light conditions,
suitable for the camera ISO range (100-1600). This
was done to minimize the motion blur, to avoid the
rolling shutter effect, and to achieve well-balanced
camera settings (exposure time, ISO, aperture), thus
ensuring sharp and correctly exposed images (e.g.
Vollgger et al. 2016). Moreover, to reduce shadows
around elevated features, drone was operated when
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the sun was straight overhead (at zenith). In order to
allow the co-registration of datasets and the
calibration of models resulting from SfM-MVS
photogrammetry processing (e.g. James and Robson,
2012; Turner et al., 2012; Westoby et al., 2012; James
et al., 2017), World Geodetic System (WGS84)
coordinates of, at least, four artificial Ground Control
Points (GCPs) were fixed near every corner of each
surveyed area (an additional one was selected in the
central part) reducing the ‘doming’ effect resulting
from SfM processing.

3.3 Photogrammetry Processing

After photo collection, the next step is dedicated to
data processing aimed at 3D DOMs, DSMs and
Orthomosaics generation. The collected images have
been processed through Agisoft Metashape
(http://www.agisoft.com/), a commercial Structure
from Motion software (SfM). This application has
been increasingly used for both UAV and field based
SfM  reconstructions, owing to its user-friendly
interface, intuitive workflow and high quality of point
clouds (Burns et al., 2017).

A Our UAV-based SfM-MVS workflow
~ SfM-MVS processing |+

Photo alignment

Data collection
Area selection

Flight%nning Sparse point cloud

GCPs placement Dense point cloud

Drone flight 3D DOM
DSM

Orthomosaic

Figure 4: (a) UAV-based SfIM-MVS Workflow used, (b)
UAV-collected pictures already aligned with the processed
sparse cloud. (c) Dense cloud generated by the SfM
software showing the 1570-1573 Volcanic Crater.
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SfM-MVS techniques allowed us to identify
matching features in different photos and combine
them to create a sparse and a dense cloud, an
orthomosaic, a DSM, and eventually a 3D DOMs as
final products (Stal et al., 2012; Westoby et al., 2012).
The steps leading to model construction are shown in
Figure 4A; further details are provided hereunder.
The first step was to obtain an initial low-quality
photo alignment, only considering measured camera
locations. Thereafter, we excluded the photos with
quality value <0.8 (or out of focus) from any further
processing, using the tool provided by the software
that is designed to detect poorly focused images
(Agisoft L.L.C, 2020). Following this initial quality
check, Ground Control Points (GCPs) were added to
all photos, where available, so as to: i) scale and
georeference the point cloud (and thus the resulting
model); ii) optimize extrinsic parameters, such as
estimated camera locations and orientations; iii)
improve the accuracy of the final model. Photos were
then realigned in high quality setting, camera
locations and orientations were better established, and
the sparse point cloud was computed by the software
(e.g. Fig. 4B). The next phase consisted in
reconstructing the dense point cloud (e.g. Fig. 4C)
from the sparse point cloud, using a mild depth
filtering and medium quality settings. The 3D DOMs,
DSMs and orthomosaics were finally created through
the Agisoft Metashape software. The resulting 3D
DOMs are characterized by a high-resolution texture
with a pixel size < 1.0 cm/pixel.

3.4 Georeferencing of GCPS

In order to allow the co-registration of datasets and
calibration of models as well as for reducing the
‘doming’ effect resulting from SfM processing (e.g.
Orthomosaics and DSMs), World Geodetic System
(WGS84) coordinates of, at least, four artificial
Ground Control Points (GCPs) were established near
each corner and another one in the central part of each
surveyed area (e.g. James and Robson, 2012; Turner
et al., 2012; Westoby et al., 2012; James et al., 2017).
For surveying GCPs, we placed well visible artificial
markers, as well as natural targets (e.g. lava flow
borders). GCPs were surveyed with the Emlid Reach
RS©, low-cost single frequency receivers (Rover and
Base) in RTK configuration (with centimetre-level
accuracy). In regard to the surveys in Santorini, we
used the Long-Range Radio (LoRa 868/915 MHz)
connection mode where the base was set on a fix
position and sent a real-time correction to the Rover.
The LoRa mode can be advantageous in the absence
of international GNSS service or CORS network. All

the z (altitude a.s.l.) values of the GCPs were
corrected using the regional geoid model to obtain the
orthometric height for the models.

4 RESULTS

In this section we provide all details regarding the 3D
DOMs, DSMs and orthomosaic for the two studied
areas, including new 2D and 3D maps, data and
interpretations.

4.1 Volcanic Crater in Nea Kameni

A total number of 1522 of pictures have been
collected using nadir camera orientation and 1231 of
them have been correctly aligned and used for the
dense cloud generation. The remnant 291 have been
excluded because they resulted out of focus, too dark
or too white, or below the quality threshold value of
0.8 applied for this model.

The resulting model for the 1570-1573 volcanic
crater has an overall extent of 207x 291 m, a
resolution of 3.79 c¢cm/pix for the DSM and of 9.47
mm/pix for both the orthomosaic and the texture of
the 3D DOM. The DSM values are in the range of
11.02-49.15 m above the sea level (a.s.l.) (Fig. 4). By
analysing the Orthomosaic, DSM and the 3D DOM
we also recognised the following features: i) the
crater is slightly elongated along NS5°E direction
(102.52 x 95.33 m); ii) by 3D analysis it is possible to
trace the line connecting the two crater rim depressed
points (e.g. Tibaldi, 1995; Bonali et al., 2011) in the
same direction; iii) in the northernmost part of the
crater an open fracture with a dilation of 4.7-5.3 m is
present and iv) the crater has a depth of 31.43 m.

4.2 Volcanic Deposit along the
Vlychada Beach

A total number of 568 pictures have been collected
and considering the geometry of the outcrops, that is
almost vertical, the majority of them have been
collected with an oblique camera orientation.

439 of them have been correctly aligned and used
for the dense cloud generation, whereas 129 have
been excluded, using the same method as in the
previous mentioned model. In addition, a mask has
been applied to all photos, in order to exclude the sky
and the sea water from the processing, to avoid
artefacts and noises. The model for the volcanic
deposit surveyed along the Vlychada beach has an
overall extent of 157 x 128 m, a resolution of 1.67
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cm/pix for the DSM and of 8.37 cm/pix for both the
orthomosaic and the texture of the 3D DOM.

The DSM values are in the range -1.61- 38.3m
a.s.l.. Regarding the volcanic phases that can be
recognised, it resulted very useful to collect the
thickness of them directly on the 3D DOM, because
of the vertical geometry of the outcrop. These
measurements have been collected in Agisoft
Metashape, using the ruler tool: the phase 2 has a
thickness of 2m, phase 3 ranges between 7 and 10 m
and phase 4 has an outcropping thickness of 25m. In
addition, it is possible to appreciate the presence of
several blocks as well as to quantify their dimension
as shown in Figure 5D.

S DISCUSSION

In the present section we discuss the use of selfie
drones for 3D modelling and mapping, as well as we
present new outcomes for the studied areas.

5.1 Selfie Drones for Surveying, 3D
Modelling and Mapping

At a general level, UAVs are excellent instruments to
collect highly detailed pictures and videos from the
above of the key sites (e.g. Fig. 2A), which is
impossible using only classical field activity. These
images can be used for research activity and better
interpretation as well as for outreach activity (e.g.
Bonali et al., 2019a; Pasquaré¢ Mariotto et al., 2020).
Furthermore, a field view from the drone during field
surveys can also help in planning further steps of
exploration. In view of the above, a selfie drone, due
to its small dimension and weight, is useful in
supporting field exploration and photo/video
collection, even though it is recommended to work in
the height and distance range suggested by local laws
and manufacture’s technical manual.

Regarding the 3D modelling, and consequent
mapping and data collection activity, both models
have great resolution, in terms of DSM and
Orthomosaic. In particular, the latter and the texture
of the 3D DOM, reach a resolution greater than 1 cm.
This excellent resolution is helpful for classical
mapping and data collection on DSM/Orthomosaic,
as well as is crucial for mapping 3D vertical outcrops,
including the quantitative characterisation of small
objects like the ones included in the volcanic layers
outcropping along the Vlychada beach. Based on the
experience gained from the present work we were
capable of flying up to 50 m from the ground to
collect some pictures for the latter model.
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Figure 5: (A) Orthomosaic and DSM (B) of the 1570-1573
volcanic crater in Nea Kameni; a.s.l.: above the sea level.
(C-D) Detailed view of the northernmost fracture. (E) 3D
Virtual Outcrop of the volcanic crater available online
(https://skfb.ly/6PUNL).

Respect to other models, there are some negative
aspects that we highlighted. Selfie drones must be
manually controlled during the survey and they can
be more affected by the wind; so, an expert pilot is
recommended to collect pictures in the best way
possible. This can result in a larger number of
collected pictures compared to those really needed for
SfM-MVS processing, since some of them must be
removed due to out of focus condition or incorrect
white balance. To fly above 50 m and to cover larger
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areas, other types of UAVs can be used: balloons,
larger multi-rotor, fixed-wing and hybrid. Balloons
do not need fuel or a battery, but they cannot be
remotely controlled. The fixed-wing type can cover
larger areas in a smaller time frame using high quality
cameras, but such model is more difficult to be
transported in the field. Hybrid types allow to switch
between flying like a fixed-wing aircraft and hovering
like a multi-rotor one. The latter two are more
expensive than commercial multi-rotor type. Larger
multi-rotor can fly for a longer time respect to a selfie
drone, at very low heights attaining a great field
resolution, and much more importantly, take-off and
landing operations are easier than for fixed-wing
models; this is crucial especially in difficult logistic
terrains.

:saamé i 358700 358750
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Figure 6: (A) Orthomosaic and DSM (B) of the outcrop
related to LBA deposits along the Vlychada beach; a.s.l.:
above the sea level. (C) 3D Virtual Outcrop available online
(https://skfb.ly/6PZPO), where it is possible to recognise
the different phases with very high detail (D).

5.2 New Outcomes for the Studied
Areas

Regarding the 1570-1573 volcanic crater in Nea
Kameni, we defined its dimension and depth with
very high accuracy, also discovering a NS5°E
elongation trend that matches with the line connecting
the two most depressed points along the crater rim.
As suggested by Tibaldi (1995) and Bonali et al.
(2011), such line can represent, with low discrepancy,
the direction of magma feeding fractures, suggesting
that the 1570-1573 AD eruptions were driven by a

fissure. Dykes outcropping along the Northern
Caldera Wall have a NE-SW dominant strike, even
though the N-S direction is also represented in the
dataset (Browning et al., 2015), suggesting that
magma can reach the surface also along this direction
in central Santorini. Finally, the fracture located just
north of the crater has a dilation of about 5 m that is
consistent with dyke-induced fractures in Northern
Iceland (e.g. Bonali et al., 2019a,b).

Regarding the volcanic deposits measured along
the Vlychada beach, we defined the boundaries of
different phases of the LBA deposits on the 3D DOM,
as well as we measured their thickness with very high
accuracy. Also, it was possible to observe the cliff
closely enough to distinguish individual and small
components such as volcanic blocks within the bulk
of each phase and to quantify their dimensions.

5.3 3D DOMs and Virtual Outcrops for
Teaching and Dissemination

The two presented sites can be used also for teaching
and outreach activity, as well as they can be both
suggested as geosites. In fact, they have a
considerable scientific value and a potentially high
educational value, enhanced by their accessibility and
safety (e.g. Pasquaré Mariotto et al., 2020).

Recent improvements in Geographic Information
Systems (GIS) technologies can provide new
opportunities for immersive and wide engaging
public audiences. Story Maps being interactive
webGIS applications can provide support for
scientific  storytelling in a compelling and
straightforward way (Antoniou, et al., 2019) using
multi-media assets (e.g. photos, videos, 3D DOM:s)
and narrative texts with the aim of visualizing spatial
data effectively.

As previously tested (Antoniou et al., 2018; 2019,
2019a, 2019b) these applications can represent an
interactive way for presenting the geological and
geomorphological characteristics of places which can
be defined as geotopes or protected areas worldwide,
providing a quick access of all useful data to a wide
audience and thus developing the interest and
possibly motivating people to learn more and visit the
area.

With the purpose of enhancing the popularization
and fruition of these two sites, we published them as
“Virtual Outcrops” (Xu et al. 1999; Trinks et al. 2005;
Tavani et al. 2014) on the web. The 1570-1573 AD
volcanic crater is available as Virtual Outcrop at
https://skfb.ly/6PUNt and the volcanic deposits
section in Vlychada beach, at https://skfb.ly/6PZPO.
Both of them can be visualized using a laptop or
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mobile phone (in 2D) or using a Mobile VR headset
to appreciate the third dimension (e.g. Fig. 6A).

Finally, as suggested by Gerloni et al. (2018) and
Krokos et al. (2019), SEIM-MVS-derived 3D DOMs
can be imported in a game engine to build fully
navigable immersive Virtual Reality systems. Such
approach has been firstly used for teaching activity
(e.g. Fig 6B) and dissemination activity to popularise
geosciences to non-academic audiences (e.g.
citizens).

Figure 7: (A) An example of a research group observing the
same virtual outcrop using a mobile VR headset. (B) An
example of an outreach event carried out using the
Immersive Virtual Reality (Bonali et al., 2019c).

5.4 Future Developments

Regarding the future roadmap for our approach, we
expect a contribution from Neanias project
(https://www.neanias.eu/) regarding online services
devoted to SEIM-MVS photogrammetry processing, in
order to enlarge the community working with this
technique, possibly involving also non-scientists and
non-academics. Up to now, we cannot find a robust
and efficient open source software for StM-MVS
processing, that can be applied to both terrestrial and
marine environments; for the latter case, pictures are
usually collected using (Remotely Operated Vehicle)
ROVs. From another side, the Selfie drone-based
approach can motivate scientists to collect data in
remote and dangerous areas, thus multiplying the
amount of available 3D DOMs for the scientific
community as well as the storage dimension needed
for the DSMs, Orthomosaics and the dense clouds. In

126

view of the above, an online service for data storage
and 3D scientific visualisation is also recommended.
For example, the model related to the entire project of
the 1570-1573 AD crater is as large as 54 GBs, and it
is difficult to be shared with the scientific community,
even though the high resolution of the 3D DOM,
DSM and Orthomosaic can be crucial for better
understanding volcano dynamics, relationships with
release of volcanic gases, tectonic settings, magmatic
intrusions.

6 FINAL REMARKS

In the present work we tested the use of selfie drones
as a tool for 3D modelling, geological mapping and
data collection. Test sites are located in Santorini and
are characterised by different settings: i) the Crater
area in Nea Kameni has a mostly horizontal
topography; ii) the Vlychada beach has a dominant
vertical topography. By applying the Structure from
Motion techniques to pictures collected using the
selfie drone, we were capable of: i) reconstructing the
two sites with centimetric to sub-centimetric
resolution; ii) recognizing geological features on very
high resolution DSMs and Ortomosaics; iii) mapping
vertical volcanic deposits on 3D DOMs; and iv)
collecting new quantitative data for both sites.
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