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Abstract. The paper presents a descriptive model, applicable in agricultural theory
and practice, for determining the quantity of alfalfa hay obtained from a land
surface, using remote investigations, by geospatial methods and means. The working
algorithm was tested in a rural area located in the northern part of Romania, in the
Humor Depression, and the data acquisition was made with DJI Phantom 4 Pro -
Unmanned Aerial Vehicle equipment. For the automated calculation of the amount
of alfalfa hay harvested from a certain surface and stored as haystacks, the following
steps were carried out: processing the images acquired with the drone to obtain the
point clouds, determining the 3D model of the haystacks, calculating the volume of
hay stored in the stacks and converting the volume in quantity of hay/surface. As a
result of the measurements and calculations carried out, a quantity of hay of 11.96
tons/ha was obtained, data verified and validated by the researches from the
specialized literature. Compared with the agronomic methods, the use of the
geomatics techniques, to determine the quantity of hay harvested from an
agricultural area, presents a series of practical and economic advantages: they
exclude the manual measurements in the field and, therefore, the displacements on
extended surfaces; reduce the working time; have high precision because, for the
estimation of the haystacks volume, three-dimensional models are used, instead of
the traditional mathematical formulas. At the same time, geospatial data is acquired
through drone flying, which can be used in other types of analysis. The working
algorithm can also be applied to other studied objectives or research topics.

1. INTRODUCTION

The agrosilvopastoral system represents a form of ,spatial and temporal
arrangement” (FAO and ICRAF, 2019, pag. 1) in which several elements are
interwoven: arable crops, pastures/hay, shrub species, trees, fruit trees and/or
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animals (Cojocariu et al., 2014, Chara et al., 2019). These long-term production
systems are considered the main form of agricultural land use in many rural areas
around the globe (Bell and Moore, 2012).

The agrosilvopastoral systems promote sustainable agriculture, by reducing
the impact on natural resources, targeting animal welfare and, implicitly,
improving food security and providing a number of ecosystem services and
environmental benefits (Jose, 2009). These systems include cost and risk
reductions, they ensure increased land efficiency and they enhance biological
diversity: living environment for birds (Broom et al., 2013; Rain et al., 2019),
habitats and passing corridors for wild animals, also participating in the decreasing
of greenhouse gases (Peri et at., 2017).

In the traditional systems of animal breeding from the rural area of Romania,
by combining the vegetal carpet of grasslands, shrubs and trees and that of crops
(alfalfa, clover, maize) from the same area, a larger amount of high quality feed is
created, reflected in better performance in animal production (Hoancea et al.,
2017).

Broadly speaking, the use of drones in different segments of the agricultural
field is one of the most important innovations (Raparelli and Bajocco, 2019), with
significant results, from the analysis of soil preparation works (Tripicchio et al.,
2015), precision agriculture (Stafford, 2002; Zhang and Kovacs, 2012; Rokhmana,
2015; Mahajan and Bundel, 2017; Puri et al., 2017; Shamshiri et al., 2018),
mapping and monitoring of vegetation (Cohen et al., 2018; Sona et al., 2016), to
evaluation and prediction (Themistocleus, 2017; Sanches et al., 2018; Herrmann et
al., 2020).

Due to their particularities, agrosilvopastoral systems are the central object of
the research in different domains or they are constituted as the subject of
multidisciplinary researches, in which the pratological methods are supplemented
with geomatical methods and techniques, more ,flexible” and, in some cases,
remote applied. In this way, some manual workflow operations are replaced or
even eliminated.

Regarding the exploitation in agrosilvopastoral systems, based on pragmatic
considerations, this study proposes a descriptive model, applicable in agricultural
theory and practice, for determining the quantity of alfalfa hay obtained from a
surface unit, through remote investigations, by geospatial methods and means, with
Unmanned Aerial Vehicle (UAV) equipment.

The remote determination of hay quantity is of importance in making
decisions regarding the feed reserve, as well as the adequate provision of the
necessary means of transport and labor and, finally, the optimization of costs, the
studied areas being sometimes at great distances from farms.
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2. MATERIALS AND METHODS

The study area is located in the northern part of Romania (fig. 1), in the
Humor Depression, at altitudes between 490 - 557 m.

Bulgan};
Coordinates: 47°36'53"N
25°50'43"E
Administrative-territorial unit:
Manastirea Humorului
Suceava County, Romania

Figure 1. Geographical location of the study area

The working methodology applied in the research involves going through
several stages, synthetically presented in figure 2.
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Figure 2. Research methodology stages
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Using UAV equipment (DJI Phantom 4 Pro) an area of 8.44 ha was flown
over. This surface belongs to a traditional agrosilvopastoral system consisting of:
grasslands with shrubs and fruit trees, hedgerows, fodder crops on arable land with
different ways of use (alfalfa, red clover and maize) and the related animals (cows,
horses, sheep, pigs). The interest area of this study consists into a surface of 0.50
ha of mowed alfalfa; the hay being manually deposited on the ground, in traditional
stacks. In this situation, the haystacks have different shapes and sizes.

The volume of alfalfa hay manually placed in each stack was determined by
geomatic methods (3D image measurements), after which the weight of the alfalfa
hay being calculated using the formula proposed by Horablaga and Cojocariu
(2006):

(relation 1)

where: G = the weight of feed (kg); V = the volume of feed determined; g =
the weight of one m?® of stored feed.

According to the data from the specialized literature (Horablaga and
Cojocariu, 2006), one m? of alfalfa hay weighs 100 kg, after storage.

Considering that this study presents a working model, and each stage of the
research methodology has concrete results, its detailing will be done in the section
,,Results and discussions”.

3. RESULTS AND DISCUSSIONS

The researches presented in this paper aimed a traditional agrosilvopastoral
system, composed of agricultural surfaces with different ways of use (grasslands
and forage crops in arable land). The animals occupy by rotation, in certain time
intervals, different sequences in this system.

The algorithm applied in this study is presented below.

3.1. Data acquisition with UAV equipment

For the study area, the data acquisition was made with DJI Phantom 4 Pro
type equipment, with FC6310, 8.8 mm camera. The research of the area involved
the planning of the flight mission, the actual photography and the processing of the
images with the specialized software Pix4Dcapture and Agisoft PhotoScan
Professional (fig. 3), according to the methodology described in their technical
manuals.
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Figure 3. Data acquisition with UAV equipment

Following the processing of the data acquired with the drone results at least
three products that can be used, both to achieve the objectives proposed in this
study, as well as in other territorial or pratological analyzes:

- the point clouds (fig. 3), used for 3D representations and subsequently for
volume calculation;

- the Digital Land Model (DLM), the Digital Surface Model (DSM) and the
Digital Elevation Model (DEM), generated from point clouds, useful for
analyzing the relief or other physical-geographical aspects (fig. 4);

- detailed images (photos) of the researched area (fig. 3), useful in the
analysis of vegetation, the land use etc.
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Figure 4. Characteristics of the researched area
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The use of drones in studing the different components of the pastoral space,
considering its size and complexity, is an increasingly used method, with
remarkable results, both internationally and in Romania (Capolupo et al., 2015;
Forsmoo et al., 2018; Sun et al., 2018; Simon et al., 2018). In another context, the
structure of the analyzed agrosilvopastoral system is divided, in vertical
stratification, into different altimetric floors, between 557 m, in the highest area,
and 490 m, in the low areas (fig. 4). In these spatial arrangements, the species of
trees are related to the vegetation from the grasslands where they inhabit, and the
hedgerows delimit the small surfaces of forage crops, semi-mechanized
maintained.

A series of works highlight that these integrated production systems engage
temporal and spatial interactions at different levels (Roese et al., 2018), which
involve the exploitation of animals and field crops within the same area,
simultaneously or disjointed, with a succession within them (Moraes et al., 2014).

3.2. Delimitation of the interest area

From the point of view of land use, the analyzed agrosilvopastoral system is
composed of pasture plots, exploited by grazing/mowing, hayfields plots, exploited
by mowing and forage crops in arable land, from which the feed needs for
domestic animals are supplemented, especially in winter (fig. 5). The fact that these
plots of land belong to different owners translates to different exploitation
technologies.

The mechanized harvesting and storage of the hay production allows to
appreciate the quantity obtained on the surface unit by the standard dimensions of
the hay bales, but in the case of exploitation in the traditional system, the
production is stored manually as haystacks of different sizes. Based on this
consideration, the testing of the geomatic model for calculating the quantity of hay
was made on a plot cultivated with alfalfa exploited in this way.

Orthophotoplan
of the agro-
pastoral
system
Topographic
surface
with contours

Slope:
0-187%
Altitude:

490-557 m

Orthophotoplan
from the area of interest

Figure 5. The study area
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From the considered agrosilvopastoral system, by the help of specialized
software Leica Cyclone Model, from the point clouds and the orthophotoplan
obtained by drone overflowing, the plot of alfalfa with the surface of 0.50 ha was
delimited and extracted (fig. 5). The hay production on this surface has been
storage into 31 haystacks of different sizes (in the case of large areas, automated
applications can be used for their counting). Of all these haystacks, for the
calculation of the average volume of stored hay, respectively of the quantity/ha,
seven ticks were selected, randomly distributed on the field, according to figure 6.

Figure 6. Random selection of test-objectives

3.3. Generation of TIN structure and 3D model

The specialized literature shows that, in the multidisciplinary research
involving the agricultural environment, the clouds of points obtained through
different technologies are being used more and more (Honkavaara et al., 2012;
Koenig et al., 2015). In the case of this study, the point clouds, obtained with UAV
equipment, are processed for calculating the volume of hay that was harvested, at
one mowing, from the selected surface.
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Figure 7. Generation of 3D model of test haystacks



96 Geomatic techniques applied for remote determination of the hay quantity in agrosilvopastoral systems

In order to calculate the hay volume, it was previously necessary to generate
the 3D model of the selected haystacks (fig. 7).

On the point clouds, in the software Leica Cyclone the following algorithm
was applied for each stack of alfalfa hay (fig. 7): establishing the reference plan,
depending on the topographic surface; choosing and selecting the points according
to the reference plan; creation of the TIN (Triangular Irregular Network) structure;
3D model generation.

With the presented algorithm, the 3D model of the entire topographic surface
can be realized, useful in morphometric, pedological or spatial planning researches.

3.4. Volume of hay determination

Based on the 3D model of the alfalfa haystacks, obtained in the previous step,
it was possible to calculate the volume of hay stored in each of the seven test-
stacks (fig. 8).

The following working algorithm was applied: selecting the minimum point
and the maximum point, from the base and from the top of the haystacks;
generating the ,,content” (sampling interval — its density can be determined
according to necessity), respectively the network of lines that fill the studied object,
based on which the volume was determined.

Considering the manual execution of the haystacks, their volume varies
between 1.05 - 2.65 m?® (fig. 8).

Automatic calculation
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High point (m)
X: 679811.217
Y: 563528.337
Z: 497.36

Low point (m)
X: 679810.082
Y: 563527.679
Z:494.92

Sampling
interval (0.10 m)

Automatic calculation
of low point (494.92 m)

Volume extraction

265 m® ‘ 1.79 m® tﬁk 2.00 m? 1.05 m®

262m? 2.03 m? 1.40 m?

Figure 8. Calculation of the volume of haystacks
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3.5. Determination of the quantity of hay/surface unit

In order to determine the quantity of alfalfa hay, the previously determined
volume (average value) and the weight of the hay were taken into account,
according to the specialized literature (Horablaga and Cojocariu, 2006).

According to figure 9, the volume of haystacks varies between 1.05 - 2.65 m?,
and the average volume is 1.93 m?,

Knowing that 1 m® of alfalfa hay, after storage, is equivalent to 100 kg, it turns
out that a stack of alfalfa hay has an average weight of 193 kg.

On the surface of 0.50 ha were identified 31 stacks of alfalfa hay, so it results
that the amount of hay obtained is 5,983 kg.

Haystack | Volume Average volume/haystack:
S (m3) 1.93m® & 193 kg
1 2.65 (1md = 100 kg after
2 2.62 placement)
3 1.79
4 2.03
5 2.00 $ Amount of hay/surface:
6 1.40 5.983 kg & 5.98 tone
7 1.05

The surface of the
area of interest: Volume of hay/ha:
11.96 tone

Figure 9. Determination of the quantity of hay/surface unit

The results of the research were reported on an area of 0.50 ha, but, depending
on the need or the desired analysis, the workflow can be applied on different land
surfaces, regardless of their size.

4. CONCLUSIONS

In our country, the agrosilvopastoral systems are based on traditional local
practices, with reduced mechanization possibilities. With all these shortcomings,
they support the economy of Romania's disadvantaged hill and mountain areas.
Transdisciplinary research has a special role, by creating analysis models that can
be used by farmers, in order to make working conditions more efficient and to
increase the yield of agricultural holdings.

The possibility of using drones in the research of agrosilvopastoral systems
and, in more detail, for determining the quantity of hay harvested from a given
surface, constitutes a major advantage for the agricultural practice. Using this
method the following are possible: reducing working time, avoiding displacement
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on the field (sometimes on very large surfaces), eliminating restrictions imposed by
weather or relief conditions, but also collecting additional data and information that
can be used in complexes analyzes for the target area.

The application of geomatics techniques in agronomic researches,
materialized by a geospatial algorithm that involves the remote study of
agricultural surfaces, in this case of fodder crops, can be extrapolated to other
components or structural elements in the domain. The major advantage consists
into a complex remote study, without coming into direct contact with the study
environment.
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