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I. INTRODUCTION

Data acquisition for surveying and mapping from Un-
manned Aerial Vehicles (UAVs) is an increasingly common
procedure because UAVs offer the possibility to cover wide
areas, with the advantage of being able to fly over inaccessible
and/or dangerous zones. This happens in those scenarios
that are modified by a catastrophic event (e.g. earthquakes,
landslides, volcanic eruptions, etc.), where it is not easy and
safe to collect data from the ground [1], [2]. In most of these
cases, it is important to perform several missions at several
low altitudes to collect data close to the terrain, e.g. for the
detection of post-earthquake survivors [3], for the landslide
and mudslide monitoring [4], for the ground deformation
analysis [5], [6].

II. RELATED WORK

The typical workflow of aerial image acquisition through
an on-board camera of a UAV is divided into two phases. The
first phase is dedicated to the collection of information on the
scenario by flying over the area of interest at high altitude,
manually operated by an operator. In the second phase, the
acquired data are processed and a Region of Interest (ROI)
and the Points of Interest (POIs) are located in order to run a
second, more detailed, low-altitude mission.

Several works present innovative solutions to reconstruct
and to navigate within an unknown scenario, based on ei-
ther simultaneous localization and mapping (SLAM) [7] or
through real-time dense 3D mapping [8]. However, they do
not deal with the problem of low-altitude flight, following the
morphology of the terrain. A control strategy presented in [9]
allows a fixed-wing UAV to fly autonomously, following the
morphology of the terrain at an altitude of about 9 m Above
Ground Level (AGL) and reactively avoiding static obstacles,
by means of custom designed optic flow detectors. However,
this approach needs dedicated hardware, and its ’porting’ to
mass-market UAVs and autopilots could be difficult. Moreover,
such an optical-flow based strategy may be ineffective in
the case of uniform surfaces, such as a snow field after an
avalanche, or a mud or lava field. Other solutions for low-
altitude navigation of UAVs propose expensive sensing setups,
such as laser scanners [10], or multi-modal sensing systems
including lasers, stereo cameras, and ultrasonic distance sen-

sors [11], all of them requiring high-payload vehicles and
computationally intense processing.

III. PROPOSED SOLUTION

The methodology that we have developed exploits the cur-
rent state of the art in the field of UAV-based photogrammetry
software to create a georeferenced Digital Elevation Model
(DEM) of the scene. The developed tool uses the reconstructed
DEM and a set of points of interest, introduced by the operator
on a map, to generate the low-altitude trajectory. The trajectory
is generated taking into account the morphology of the area of
interest, while still ensuring a safe distance from any obstacle.
In contrast to the previously described strategies, our method
has been developed with the aim of being suitable even for
low-cost UAVs and with limited computing resources on-
board. To this end, the computed trajectory is exported as a
list of waypoints that can be imported in commercial or open-
source software autopilots, thus allowing the execution of the
mission by several low-cost UAVs. The overall workflow of
our method is as follows:

• the high altitude survey of Phase 1 is executed (manually
or autonomously) with the aim of collecting aerial images
of the area;

• the acquired images are processed by using photogram-
metry software to obtain an accurate, georeferenced ele-
vation model of the scenario;

• the DEM is imported into our tool allowing us to select
the desired Points of Interest and to compute the 3D
trajectory on a dilated version of the DEM, to keep a
safety distance.

• the trajectory is exported in a comma-separated values
(CSV) file that can be uploaded to commercial on-board
autopilots by means of mission-planning applications on
a ground station, for the autonomous execution of the
mission

• the images acquired during the low-altitude mission are
processed to obtain a high-resolution georeferenced ele-
vation model of the area.

IV. TESTS AND RESULTS

After a preliminary testing phase with the help of a
software-in-the-loop simulation architecture, the developed
solution has been tested in the field by using a quadrotor, a



Fig. 1. A detail of the trajectories plotted over the DEM of the area.

Fig. 2. A comparison of the 3D meshes of the lava flow reconstructed by
Pix4D mapper by using the images acquired at an altitude of 20 m (top) and
at an altitude of 5 m (our solution) (bottom).

Flame Wheel 450 platform by DJI, equipped with a Pixhawk
autopilot1. The site chosen for the experimental tests is the
lava flow of the July–August 2001 Mount Etna eruption.

Fig. 1 shows the logged executed trajectory (in red), together
with the reference trajectory (in blue) and the WPs (in green),
which were generated by our trajectory generation tool over
the DEM. This figure highlights how the UAV follows the
terrain profile while flying very close to the ground. The
images acquired during the mission at low altitude have
been used as an input to Pix4Dmapper2, which obtains a
georeferenced 3D model of the area. The output was a 3D
textured mesh with a higher level of resolution compared to
the high-altitude output (Fig. 2).

V. CONCLUSIONS

The workflow presented allows safe and accurate collection
of aerial imagery from UAVs at low altitudes above ground
level. This can be performed by following three main steps:
elevation model reconstruction, trajectory generation, and mis-
sion planning. The first phase allows us to generate a 3D
georeferenced reconstruction providing the general condition
of the area. In the second phase, a 3D trajectory is derived

1https://www.dji.com/flame-wheel-arf https://pixhawk.org/
2https://pix4d.com/

taking into account the morphology of the scenery. The last
phase allows the automatic mission planning and execution.

The proposed method tries to overcome some of current
methodologies limitations:

• it takes into account the current state of the unknown
scenario. The reconstructed models are accurately geo-
referenced.

• it is general, meaning that the computed trajectory is
exported as a list of waypoints; therefore the mission can
be easily imported in different commercial or open-source
ground control stations software and to be executed by
several low-cost autopilots and multirotors.

The experimental missions confirmed the results obtained
during the simulation-testing phase and, at the same time, to
find out the weaknesses of adopted procedure.

One of the main problems is related to the accuracy of the
elevation model. The accuracy can be increased by using on-
board accurate localization systems or by introducing ground
control points, which is not always feasible, as, most of the
times, the area of interest is not easily accessible. On the other
hand, RTK GNSS receivers have become more affordable over
the last years. The adoption of on-board precise localization
systems could allow us to reduce the safety distance, thus
allowing us to fly very close to obstacles and to the ground.
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