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Abstract: Close range digital photogrammetry, which involves the application of unmanned aerial vehicle (UAV), has been
used in a growing number of diverse applications across different scientific disciplines. Our objective was to use the mentioned
method in the survey of the contemporary geoecological conditions of the coastal area on the example of Portuguese northwest
coastal zone. The coastal zone can be subdivided into two geomorphological sectors: Sector 1, between the Minho River and the
town of Espinho, where the coastal segments consist of estuaries, sandy and shingle beaches with rocky outcrops, and Holocene
dune systems. The estuaries and the foredunes in particular are very degraded by human activities; and Sector 2, between
Espinho and the Mondego Cape, where coastal lagoons and Holocene dune systems occur. We chose two beaches for surveying
– Aguçadoura and Ramalha to which the drone swinglet CAM took the photos. We used the ground control software eMotion 2
to plan the flights over the study area and controlled the drone’s trajectory during flight. After processing the obtained images in
the program of AgisoftPhotoscanPro, we generated the 2D orthophotos and 3D digital elevation models (DEM) of the research
sections. At this stage of study we derived the above product without using the ground control points, or we used only the camera
GPS data. Based on these models the compilation of the large-scale maps of high resolution (1cm-5cm) will be possible in the
GISs for monitoring and management of the geoecological state of the mentioned beaches in case to precise the x, y and z values
of the models with the geodetic device of Differential GPSs in the selected ground control points (GCP).

Keywords: Unmanned Aerial Vehicle, Beach, Orthophoto, Digital Elevation Model, Accuracy

1. Introduction
Vast amounts of remote sensing data are acquired daily all
over the globe from satellites, from manned or unmanned
airborne platforms, and from the ground. (Markelin, 2013).
Close range digital photogrammetry, which involves the
application
of unmanned
aerial
vehicle
(UAV)
photogrammetry, has been used in a growing number of
diverse applications across different scientific disciplines.
Early applications of UAVs included cultural heritage and
archaeology, mainly for the documentation and modeling of
monuments, buildings and landscapes [2].
However, the reference to the use of UAVs for coastal

monitoring is still scarce in the scientific literature [3].
Our objective was to use the method of close range digital
photogrammetry in the survey of the contemporary
geoecological conditions of the coastal area on the example of
Portuguese north-west coastal zone and to generate the 2D
orthophotos and 3D digital elevation models (DEM) of the
study area in order to use them in the monitoring and
management of the geoecological state of the study area.
Coastal zones are naturally dynamic and mobile systems
exposed to natural factors (river flows, waves and storms) as
well as human interventions that continuously reshape their
morphology. Erosion phenomena related to extreme weather
events and sediment scarcity are common, threatening
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buildings and infrastructures, as well as beaches, ecosystems
and valuable wetland; conditions that pose challenges to
coastal security and defense. Regular monitoring of coastal
areas, assessment of their morphodynamics and identification
of the processes influencing sediment transport are thus
increasingly important for a better understanding of changes
and evolutionary trends in coastal systems [4].

2. Regional Setting
The Portuguese coastline is mostly low and sandy. In the
middle part of the country and the extreme south-west of it, is
not high, but steep and abrupt [5].
The coastal landscape can be considered as a
non-renewable natural resource, having a particular
geomorphology. The actual coastal morphology of Portugal
has been originated in a recent geological time (Pleistocene,
Holocene) as well by more recent natural and human actions
[6].
The coastal zone of northwest Portugal can be subdivided
into two geomorphological sectors: Sector 1, between the
Minho River and the town of Espinho, where the coastal
segments consist of estuaries, sandy and shingle beaches with
rocky outcrops, and Holocene dune systems (foredunes and
some migrating dunes with blow-outs).The estuaries and the
foredunes in particular are very degraded by human activities.
Sector 2, between Espinho and the Mondego Cape, where
coastal lagoons and Holocene dune systems (foredunes,
parabolic and transverse dunes) occur [7]. We chose the two
beaches for surveying – Aguçadoura and Ramalha beaches,
which fall into the Sector 1 (Figure 1, Figure 2).

Figure 2. Aguçadoura beach (Source: Google Earth Pro image, 2013).

The Aguçadoura and Ramalha beaches are the famous
tourist destinations. located in the city's rural outskirts,
Aguçadoura is the best surfing beach of the city of Póvoa de
Varzim, with a large dune area, making it the longest beach in
Póvoa [8]. Ramalha beach also displays a very extensive sand
and well preserved dune system [9].

3. Material and Methods
We conducted several field works. Goals of our field works
were to study the present geoecological conditions of the
Portuguese north-west coastal zone by using the traditional
surveying methods and by applying the latest research method
of close-range digital photogrammetry.

Figure 1. Ramalia beach (Source: Google Earth Pro image, 2013).

Figure 3. The swinglet CAM with the camera Canon Ixus 220 HS onboard.
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We conducted our mission by the UAV swinglet CAM
(Figure 3), which has a camera Canon Ixus 220 HS onboard,
with a sensor of 12 Mpixels.
The swinglet CAM is a professional GIS tool that offers all
we need to create geo-referenced aerial imagery and quick
orthomosaics. It is very light and easy to take-off and landing;
the drone can be launched by hand and no additional
equipment is required. It flies and lands autonomously with
the built-in autopilot and the 2.4 GHz USB radio modem.
With this radio modem and the ground antenna (Figure 4) the
radio link can be established.
We used:
a) the ground control software eMotion 2 to plan the flights
(Figure 5) in the laptop over the study area and controlled the
drone’s trajectory during flights;
b) the software Postflight Terra LT to associate each aerial
image with the position and orientation of the camera (also
known as geotag). It can also be used to quickly check image
overlap and to calculate a rough orthomosaic while in the field
[10];
c) the software Agisoft PhotoScan Professional to generate
the orthophotos and digital elevation models; and d) the
software of QGIS and ArcGIS to visualize and analyze them.

Figure 5. Software eMotion 2 for planning missions.

4. Results and Discussions
According to the complete workflow of the Agisoft
PhotoScan Professional we generated the 2D georeferenced
orthopotos and 3D digital elevation models of Aguçadoura
and Ramalha beaches (Fig. 6, 7, 8, 9).

Figure 6. Orthophoto of the Ramalha beach (2014).
Figure 4. Renato Henriques mounting the ground antenna (Photo by
N.Chikhradze, 2014).
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Figure 9. DEM of Aguçadoura beach (2014).

Figure 7. Orthophoto of the Aguçadoura beach (2014).

Figure 8. DEM of Ramalha beach (2014).

At this stage of study, we derived the above product without
using the ground control points, or we used only the camera
GPS data. For the case of Aguçadoura the accuracy of the
altitude or the z-value is 2.8 meters in average and that of the
pixel is 0.6 in average (Figure 10). We visualized the models
in the GISs software and checked the relief heights there. The
same accuracies had the Ramalha beach models.

Figure 10. Extract of the workflow of the software Agisoft PhotoScanPro for
Aguçadoura beach (2014).
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coastal zone, such as the vegetation line, the accuracy
achieved without using the ground control points (GCPs) is
sufficient. However, to determine the coastal area profiles
with correct local elevation, and to compile the large-scale
maps of high resolution (z value error: 1cm-5cm), for
monitoring and management of the geoecological state of the
study area, it is necessary to take the precise coordinates by
using the geodetic device of DGPS in the selected ground
control points (GCP) and correct the derived 2D and 3D
models of the study area.
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Figure 11. Earth Gravitational Model 1996 (EGM96).

The reason for that is related with the coordinate system
used. The coordinates from the GPS in PT-TM06/ETRS86
have the national altimetry datum. The coordinates in WGS84
used without GCPs, have heights in a worldwide datum. That
must be corrected to local heights with an Earth Gravitational
Model 1996 (EGM96) [11].
To see how the model works, we input the camera GPS data
of one of the images (Figure 11) with the corresponding
coordinates and elevation. After calculation the model
corrected the elevation only by about 56 meters, which is the
geoid height (Figure 12). Therefore, the model is noticeably
deformed in elevation (z value) when compared to the real
world terrain without GCP’s.
Proceeding from above mentioned, our future goal is to
conduct survey of the study area by using the Differential GPS
in order to get better results regarding the elevation accuracies.
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