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Abstract. The research presented in this paper was carried out in the western part of Romania,
on the administrative territory of Arad County, in Halmagiu commune. The use of drones in the field of
geospatial science is currently very demanding due to its relatively light operation and relatively
affordable cost compared to satellite systems, especially high resolution images. In the last decade, the
use of unmanned aerial vehicles as remote sensing platforms has become more and more popular for a
wide range of disciplines and scientific applications. At present, many photogrammetric mapping
methods have used drones to retrieve and record data on objects on the earth. Starting from the above
considerations, the use of the drones in the "scientific exploitation" of the areas used as meadows is
justified and appropriate. Conceptually and practically, this study seeks to quantify the process of
reducing the useful area for feeding a meadow in time and space, using UAV technology and satellite
imagery, by achieving three main objectives: Surface exploration through UAV technology, setting
spatial-temporal evolution and cause-effect analysis. In the case of this study, a flight with the DJI
Phantom 4 Pro equipment was performed, and the image processing was done with the Agisoft
PhotoScan Professional software. The comparative analysis was done in the GIS environment, by
overlapping and marking the negative changes occurring in the meadow analyzed over the course of four
years. Between 2014 and 2018, the useful area of the analyzed meadow was reduced by 21.1%, from 5.83
ha to 4.60 ha, mainly due to two natural phenomena: the extension of the bushes and hence the
afforestation and hydrological changes on the course of Crisului Alb, associated with erosion
phenomena. Orthophoto and geospatial data from aerial photographs are particularly useful in other
types of analysis: vegetation studies, topo-cadastral measurements, 3D modeling, land planning,
hydrological studies, etc.
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INTRODUCTION
If initially the Unmanned Aerial Vehicle (UAV) was manufactured and used
exclusively by defense companies, costing them up to several million dollars, today there are
numerous variants on the market, including small and cheap drones, which can be controlled
with the smartphone and can be used successfully in scientific research [14].
In the last decade, the use of unmanned aerial vehicles as remote sensing platforms
has become increasingly popular for a wide range of disciplines and scientific applications
[12], given that drones can be technical means for: monitoring forests and natural phenomena
that occur in them; assessment of damage after certain natural disasters; observing and alerting
the authorities about the victims of unfortunate events; observing and assessing the growth and
harvesting of agrarian products in agriculture, etc. [15].
At present, many photogrammetric mapping methods have used drones to retrieve and
record data on objects on the earth. This is due to the fact that using a Global Positioning
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System for air measurements is very efficient and cheaper than hiring an airplane [13], it also
allows for overfishing of hard-to-reach areas and significantly reduces run-time of the work.
Developing U.A.V. in Romania is still at the beginning, and the legislative framework
is extremely restrictive, even for small drones, which significantly affects the expansion
potential of this area. U.A.V. must be recorded and a fee that sometimes exceeds the value of
the equipment must be paid. Thus, in order to use the aircraft, you need approval from the
Romanian Civil Aeronautics Authority. Flights are limited in distance, altitude and area, and
requests must be sent at least 45 days before the flight. In short, flight with an aircraft must be
approved by the same air traffic monitoring institution [16]. In another aspect, the "ground
pilot" requires advanced training, both for the use of the equipment and especially for the
processing of recorded data.
In terms of the area occupied by meadows, comparing the share of pastures in
agricultural land in other European countries, Romania ranks 5th in Europe after countries such
as France, Great Britain, Spain and Germany. [9]
The distribution of meadows on reliefs in the country indicates: 1.09 million ha of
meadows in the area, 2.59 million ha in the hill area and 1.24 million ha in the mountain area
[10]. For mountain pastures, restrictive factors are numerous and one of the processes that can
be regarded as a limiting factor in their potential for use is afforestation as a result of poor
management.
Because of abandonment and overloading with animals, very large areas of mountain
pastures are in various afforestation stages, a process that has grown over the past two decades.
In order to maintain the productive circuit of existing pastureland and preserve the pastoral
landscape, large and sustained efforts are required to remove the woody vegetation that
replaces the grassy carpet with the forage purpose. These undesirable downward trends in
mountain pastures, with incalculable losses, are not unique in the European Union. In the
whole country, on the beech floor, but especially on the floor of the spruce, there are still quite
large areas of meadows covered with stands, in many cases in the form of closed forests [17].
In the grassland analysis, data taken in the U.A.V. mode may be complemented by
geospatial and satellite data, with diversified research being undertaken in this field ([1], [3],
[4]).
Starting from the above considerations, the use of the drones in the "scientific
exploitation" of the areas used as meadows is justified and appropriate. Conceptually and
practically, this study seeks to quantify the process of reducing the useful area for feeding a
meadow in time and space, using UAV technology and satellite imagery, by achieving three
main objectives: surface exploration through UAV technology, setting spatial-temporal
evolution and cause-effect analysis.
MATERIAL AND METHODS
The researches presented in this paper - case study - were made in the western area of
Romania, on the administrative territory of Arad County, in Halmagiu commune, situated in
the depression with the same name, at the confluence of the river Halmagel with the Crisul Alb
at the foot of the Bihor Mountains. The working methodology underlying the present study is
summarized in figure 1.
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Figure 1 – Workflow




In the choice of the study area, the following conditions were started:
be located near the "mobile" environmental components, in particular expanding
forest bodies and / or water bodies that change their course;
 be used as a meadow, in line with the main purpose of the study;
 be abandoned, otherwise the afforestation process is stopped.
Under these conditions, a grassland area was selected from Arad County, located in a
meander of Crisul Alb (figure 2), an area covered by previous research [11].

Figure 2 – Location of the study area (processing after [18], [19])








In selecting the data used, given the "spatial" technical possibilities, the area of
interest was investigated by two types of data:
Data retrieved in U.A.V. mode with DJI Phantom 4 Pro equipment on 11.08.2018
Free satellite imagery available on Google Earth Pro, purchased on 05.07.2014
Preprocessing and processing
Images taken in U.A.V. mode - made with Agisoft PhotoScan Professional software
that performs photogrammetric processing of digital images and generates 2D and 3D
spatial data for use in GIS applications
Satellite images were made with ArcGIS 10.1 software
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On both types of images, the boundaries of grassland and forest areas were identifie and
marked by the vectoring of 2014 and 2018
 The comparative analysis of the two sets of vector data was done in the GIS
environment, by overlapping and marking the negative or positive changes occurring
in the meadow analyzed over four years.
RESULTS AND DISCUSSIONS
Exploring the area of interest and creating orthophotoplan by U.A.V.
Under the technical and technological aspect, in the topo-cadastral field, in the last
decades, there is a remarkable, galloping progress. From the theodolite, used to measure
horizontal and vertical angles, at the total station (tachymeter), an "improved" theodolite
which, by electromagnetic waves, measures angles, distances, coordinates or level differences,
the terrestrial surface can now be "scanned" and measured with unmanned aircraft, commonly
called drone (figure 3).

Figure 3– Evolution of technologies ([21], [22], [23], [24], [25], [26], [27])

The use of drones in geospatial science is currently very demanding due to its
relatively light operation and relatively affordable cost compared to satellite systems,
especially high resolution images [5]. One of the advantages of using drones is to take
photographs or aerial photographs that are then processed for mapping so that they can be used
to support the acquisition of spatial data [6]. Also, investment and operational costs are
reduced, data acquisition is quick and flexible, and the resulting information may be more
detailed than satellite data. In addition, as the drones can fly under clouds compared to satellite
images that are influenced by atmospheric conditions, droning data is more detailed and clearer
than satellite data.
In the case of this study, a flight with the DJI Phantom 4 Pro DJI equipment (figure
4a) was performed to estimate the process of reducing the useful surface for forage for the
analyzed meadow.

Figure 4– a: DJI Phantom 4 Pro, b: Photos made by FC6310 (original photo)
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In the first stage, aerial images were collected based on the flight performed. The
flight was made manually via the DJI GO 4 application on 11.08.2018 from 12:45 to 13:15.
During this flight 142 photos were taken from which 134 were used for processing (figure 4b),
the flight was performed at an altitude of 120 meters, the pictures being made using the
FC6310 camera (table 1), covering an area 9.14 hectares.
Table 1
Cameras properties

All aerial photographs are based on the WGS 84 (World Geodetic System) coordinate
system, thanks to the Global Navigation Satellite System (GNSS) technology present in the
UAV equipment.
In the second step data was processed with the Agisoft PhotoScan Professional
software. This data processing is done by determining the drones flight path (figure 5a).
Stereoscopic view allows us to see an object from two different perspectives, such as aerial
photography taken from different camera positions. Therefore, the result of data mapping by
using this droning can produce images of very high resolution, also produces a threedimensional image of the recorded surface
Aligning photos (figure 5b) is done to identify the points in each photo and to do the
same matching process in two or more photos. The process of aligning photos will generate the
original 3D model.

Figure 5 – a: Camera locations and image overlap, b: Alignment of aerial images

The next step is the realization of the 3D model (figure 6) which will be used as the
basis for the Digital Elevation Model (DEM) of both Digital Surface Model (DSM) and Digital
Terrain Model (DTM), also for the orthophotomap .
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Figure 6 – The processing steps
A-Shaded; B-Solid; C-Wireframe; D-Textured

Cameras locations and error estimates are shown in figure 7. The altitude error (Z) is
represented by the color of the ellipse, and the planimetric error (X, Y) is represented by the
shape of the ellipse.

Figure 7 – Camera locations and error estimates

The final step after performing the Dense Point, Mesh and DEM steps in this aerial
photogrammetric process is the orthophotomap of the studied area, used to delineate the
meadow analyzed (figure 8).
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Figure 8 - Ortofotoplan in the area of interest

Vectorizing the area of interest on satellite imagery
The emergence of new mapping technologies such as Google Earth, which offers free
satellite imagery and aerial photographs of most of the Earth's surface, has led to increased use
of mapping technology [2]. The quality and resolution of the maps offered vary greatly, and
better quality maps in general are available for Europe and North America [7].
Although Google Earth Pro has limitations in map manipulation and analysis [8], it
features Timelapse, which allows you to view land-based changes over the past 32 years:
developing large cities, tracking things "destroyed" by human intervention, the melting of the
glaciers, the erosion of the land and the transformation of the cities into huge parking spaces. In
Romania this function is available for all 32 years only in some imported cities.
A satellite image acquired on 05.07.2014 was used for the area of interest which is the
subject of this work (Figure 9).
On the Landsat 8 satellite image, the boundary of the meadow surface analyzed
(figure 9) was vectorized so that it could then be compared with the current area of the
meadow, thus making the changes that occurred within four years.
The studied area is surrounded by the Crisul Alb River in the North and East and
CF317 at the bottom of the forest in the West.
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Figure 9 – Study area – Google Earth Timelapse ([20])

By processing vector data in ArcGIS 10.1, the area of interest area (figure 9) and other
features relevant to the study were calculated automatically.
Detecting spatio-temporal changes
In order to analyze the changes during the four years, the two vector formats obtained
by digitization on the satellite image in 2014 and on the orthophotoplan made in 2018 (figure
10) were compared.

Figure 10 - Analysis of changes in grassland area between 2014 and 2018

As a result of the analysis of the changes, the decrease of the grassland surface was
found (figure 10). This 1.23 hectare surface reduction occurred over time through two natural
phenomena:
1. Expansion of arbustive formations, particularly in the eastern part; the western
limit of the meadow is formed by an exploitation road and therefore the afforestation process is
excluded.
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The presence of arbustic formations is the cause of the abandonment phenomenon, so
that over time they tend to expand without the work of clearing grasslands or the presence of
livestock to pasture and thus limit the process.
2. Changes of hydrological nature: large waters and overflows of the Crişul Alb, at
different times, modify the area of the meadow in view of its location in the meadow. In 2018,
the minor bed of the White Cris extended into the grassland area, thus reducing its useful area.
This phenomenon adds to the erosion phenomena that occur along the banks.
In the analyzed time frame, 2014-2018, the area of the meadow considered case study
decreased by 1.23 ha, which means a relative percentage decrease of 21.1%. In other words,
within four years, the grassland area can be used in a proportion of approx. 80%.
CONCLUSIONS
Between 2014 and 2018, the useful feed area of the analyzed meadow was reduced by
21.1%, from 5.83 ha to 4.60 ha, mainly due to two natural phenomena: the extension of the
arbustive formations and therefore the tendency for afforestation and hydrological
modifications on the course of Crisul Alb, associated with erosion phenomena.
Using U.A.V. in the analysis of the changes but also in the investigation of the
territory at present, had remarkable results, with great precision and accuracy, with minimal
costs and resources. Orotopotlan and geospatial data from aerial photographs are particularly
useful in other types of analysis: vegetation studies, topo-cadastral measurements, 3D
modeling, land planning, hydrological studies, etc.
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