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Unmanned Aircraft Vehicles (UAVSs) are currently used for multiple applications in various fields:
forestry, geology, the livestock sector and security. Among the most common applications, it is
worth to stand out the image acquisition, irrigation, transport, surveillance and others. The
study that one presents treats of the implementations that are realized by means of aerial
images acquired with UAVs directed to the farming. Images acquired until recent years had been
using satellites, however due to the high costs that are incurred and low accessibility to these
technologies, UAVs, have become a tool for greater precision and scope for making decisions in
agriculture. Information from databases of international magazines, groups and research centers
is taken to determine the current state of implementations in Precision Agriculture (PA). This
article describes tasks such as: soil preparation; limits and land areas, vegetation monitoring;
classification of vegetation, growth, height, plant health; diseases management, pests and weeds,

fertilization and inventory developed from analysis of aerial images acquired with UAVs.

RESUMEN

Los vehiculos aéreos no tripulados (UAV) se usan actualmente para miltiples aplicaciones en
multiples campos: silvicultura, geologia, sector ganadero y seguridad. Entre las aplicaciones
mas comunes cabe destacar la adquisicién de imégenes, el riego, el transporte, la vigilancia,
entre otros. Las imédgenes adquiridas hasta los dltimos anos han estado utilizando satélites, sin
embargo, debido a los altos costos que se incurren y el bajo acceso a estas tecnologias, los UAV
se han convertido en una herramienta para mayor precisiéon y alcance para la toma de decisiones
en la agricultura. La investigacién que se presenta, trata de las implementaciones que se realizan
mediante imagenes aéreas adquiridas con UAVs dirigidas a cultivos. La informacién de las bases
de datos de revistas internacionales, grupos y centros de investigacién se toma para determinar
el estado actual de las implementaciones en Precision Agriculture (PA). Este articulo describe
tareas tales como: preparacién del suelo; limites y dreas de tierra, monitoreo de vegetacidn;
clasificacién de la vegetacién, crecimiento, altura, estado fitosanitario; manejo de enfermedades,
plagas y malezas, fertilizacién e inventarios desarrollados a partir del andlisis de imédgenes aéreas

adquiridas con UAVs.
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1. Introduction

Precision agriculture (PA) aims to collect information
to estimate variable importance in the field to
perform a localized management also called Site-Specific
Management (SSM). The PA is based on an agricultural
holding depending on the needs of each hardiness zone
[1]. The last goal is to assess the conditions of an area to
make appropriate use of resources [2], reduce pollution [3]
and increase efficiency [1]. On the other hand, UAVs are
a tool that has been used for applications in various
fields; forest engineering, geology, agriculture, in this
last, it is mainly used in applications foimages that have
traditionally been done by satellite, It is noteworthy
the ability to operate at low altitudes [5] and at any
time [0], execute tasks without human pilot [7] allow
dangerous work and help to access impossible areas to
reach [8]. The review that is shown below finds the
UAVs as a tool for the acquisition of aerial images at
different stages of the production process, applications
made by photo-interpretation are studied and organized
as follows: site preparation [9], size, boundary and use
of area [10] crop monitoring [11, 12], plant health [13],
detection of nutritional stress [14,15], detection of water
stress [16], evaluation of inventory [17], change in land
use [14]. The main contribution of this paper is to discuss
current applications, the potential use in the country,
the challenges and the future direction of technology
development directed to the agricultural sector.

2. Precision Agriculture

Precision agriculture (PA) starts from the technology
transfer in different sectors such as industry and
militia towards the agriculture in response to the need
to modernize production systems and give a proper
management to the crops, for the replacement of
conventional work based on statistical averages and
generalizations in field. Conventional management is
characterized by inefficient use of inputs that as result
generate pollution and decline in performance and
production system. The new concepts of agriculture
propose a management of a specific site [18], which
should use the necessary inputs in the required amount,
the right place and the right time [19]. Recently,
there emerge tools that help in decision-making,
its development is based on electronic technology
(telecommunications and computing), enabling collect,
store, process, transmit and retrieve information in the
field [20]. Among these tools, there are the UAVs, whose
main application is remote sensing where an image for
subsequent interpretation and analysis is acquired, from
it, is possible to identify objects of interest through

color, by using temperature as a means of obtaining
information and quantifying of biological variables to
identify anomalies in crops [21]. From the information
provided can be made applications of inputs or weed
management in specific places, in the quantities required,
at the appropriate time as is posed by the new concept
of precision agriculture.

3. Applications of UAVs in the agricultural
sector through photo interpretation

The use of UAVs are wide depending on factors
such as: payload capacity [22], which allows making
applications focused on irrigation [23], the transport of
personnel or entrusts [24]. Nevertheless, aerial images
provide a wider range of applications in other areas, it is
noteworthy that in architecture and civil engineering are
used to perform prior models to the implementation
of a construction [25, 26] in film industry are used
to film [25], and in forestry engineering allow to
make environmental studies to characterize ecosystems
[27]. However, UAVs have a great potential of usage
in agriculture as an alternative for the solution of
multiple problems, these are presented through the
production cycle from the soil preparation to harvest,
in principle, the process requires to make a planning of
the production system, taking into account geography
and area distribution according to needs, parallel to
crop development there are environmental states that
make the process be susceptible to external agents
conditions such as competition with other plants called
weeds, [28], [29] which they weaken a crop and make
it very responsive to the condition caused by pests
or diseases. Remote sensing is part of a solution that
uses analyzed variables by using digital photography for
decision-making, some situations that can be handled are
related to soil preparation [30-32], inventory [28], [33],
monitoring crop development, distribution of variables
in field as diseases, weeds, nutritional deficiencies, cover
classification, irrigation and others. Soil preparation is
done [30], cadastral boundaries, crop area (size, shape,
border and use) are determined, as indicated by several
studies [30-32]. Vegetation is monitored [23,30,31,34,35].
Tree height (growth) [35, 35]. Coverage classification
[29, 31, 33]. With regard to plant health [30, 33] three
aspects are studied using aerial photography: weed
management [28,29] pest and disease depending on the
condition of the pathogen in the plant. Fertilization [37] is
an issue that is studied based on color changes that leaves
or other organs have because of nutritional deficiencies.

On the other hand, inventory assessment as stated
by [28, 30, 33], in the livestock sector is important;
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it is generally used to count animals and plants
as livestock or fruit trees, row count, for example
corn, rice or cane for determining amounts through
sowing densities, in addition, it is studied the thermal
photo interpretation [9], to applications in sophisticated
systems [38]. The products obtained from studies are
ortophotos [30], digital surface model [9, 34, 36, 39, 40]
Digital Elevation Models (DEM) [30, 38] and Digital
Terrain Models (DTM) [30]. The following describes each
of the applications:

4. Preparation of the land

Planning a production project requires the study of
planting area, and the remote sensing recently emerged
as a mapping tool to describe location, size and use
among other applications [11] in agriculture these
applications allow to determine the area to be planted,
also limits, crop type, location of susceptible points and
future management, for example, timely entry and exit
of water resources, provides good nutrition and health to
the cultivation conditions, thereby, leveling land serves
to maintain a good system of irrigation and drainage.

UAVs are currently used in topography, to quickly
and independently acquire the data mapping in three
dimensions, to plan a photogrammetric flight and its
execution to generate 3D point clouds from mobile digital
images [12], Figure 1 below, shows the technique and
modeling, the results allow to take measures in order
to carry out land movements for leveling, irrigation
and drainage planning. The importance is presented
at the beginning of the production process, generally,
the production area requires to accommodate the field
planting, seeking to ensure optimal conditions for future
use of the resource and management of diseases and
weeds; the experience with UAVs developed in these
topics are useful for research and implementation in
agriculture [43]. More recently, these techniques have
been implemented in forestry and it is related to the
change of use of land from the impact of soil erosion
in watersheds, through remote sensing [44].

Figure 1: Technique of acquisition of image and
reconstruction of 3D model with depth [12].
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4.1. Cadastral boundaries, crop area (size, shape,

border and Uses)

From a geo-referenced image of good resolution
that uses tones variations in luminance between white
and black in a Photo can be determined: the area of
production, forest and cultivated vegetation cover, and
the land uses [45], the boundaries of an area can be
obtained by differences in light absorption as shown in
Figure 2, the forest and crops have light and dark tones
respectively and water an intermediate tone between the
two, those differences in an image are used for planning
the area and the crop projection with the purpose to
define what to plant and how to distribute.

Figure 2: Difference of tones in an area [415].
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4.2.  Monitoring of crops

Monitoring is the observation of parameters to
supervise and control, the use of multiple small scale
UAVs in order to respond to other flying devices. It
has become very popular due to the low costs, these
UAVs are used for real-time monitoring, by merging
multiple images of airborne sensors, in Austria, they
have focused on developing methods to improve the
quality of registration for real-time monitoring and
mobile mapping, the method provides descriptors to
identify regions and to record depth maps that determine
the growth reasons and differences in height of vegetation
[46]. Images from different sensors (visual and thermal)
they can provide additional information for monitoring
purposes.

The correct location on a map and proper fusion of
information from different spatial and temporal locations
depends on the georeference, in the agricultural sector
is useful to perform automatic sampling, researchers
propose a method for automatic georeference of images
obtained from UAVs, the technique provides constant
reviews of the position; based on a set of data, these
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techniques are useful to monitor and sample large areas
[47]. Tt is also used in monitoring the phenolic maturity
and determination of crop vigor with Normalized
Difference Vegetation Indexes (NDVI) [18]. Through
images from conventional RGB cameras using UAVs
are also obtained georeferenced orthophotos, in order
to characterize the main parameters of plant growth
for the management of irrigated crops in semiarid
conditions. High resolution images obtained with UAVs
in conjunction with the right treatment can be a useful
tool, particularly in Precision Agriculture to control the
plant growth and its development, and to advise farmers
on water requirements, control of weeds and insect pests,
among others [49,50].

The main application of the Fraction of Intercepted
Photosynthetically Active Radiation (FIPAR) is not
only related to the adjustment to the actions of
management and collection in homogeneous areas within
the field, it is also used for determining orientation of
the row and percentage of coverage. The model was
tested in peach and citrus from commercial orchards.
Simulations suggest the usefulness of these modeling
methods in structured orchards [51]. On the other hand,
the Leaf Area Index (LAI) is involved in biological,
environmental and physiological processes that are
related to photosynthesis, transpiration, interception
of radiation balance and energy. The LAI is critical
to characterize the growth and development of crops.
The estimation of Green Canopy Coverage (GCC) may
benefit from aerial observation, since can be measured
by image analysis or be estimated by obtaining different
vegetation indices. The aim is to study the relations
between the GCC and LAI using aerial images in order
to characterize the growth in corn and omion [49)].
Multispectral remote sensing is a non-destructive method
for monitoring the state of vegetation of vines to produce
grapes and wine of high quality, new techniques to
evaluate the spatial distribution of vigor and maturity
have been applied to different varieties. For example, the

mapping of the Normalized Difference Vegetation Index
(NDVI) is obtained by a high-resolution camera mounted
on an UAV, with it the spatial variability of the content
of anthocyanins in situ [18] grape is detected.

4.3. Plant health

The photography that allows control weeds is taken
by the UAV to detect patches and make the application
to the required places and in the quantities strictly
necessary, investigations propose a system equipped with
a multi-spectral camera which can acquire images in time
and desired locations, a ground station with interface
between the operator and the UAV for planning is
available, the system is used to manage the application of
glyphosate for weed control [52]. The NDVT is calculated,
so, red color represents the weed force, blue means bare
soil, and yellow is emergency. Images from the figure
3 next page, are generated. August 2nd corresponds to
a day after application of glyphosate, until September
16th no weeds, and in September 4th it is observed weed
emergence.

The overall application of pesticides to control weeds
or diseases is crucial in agricultural areas, application
in the areas of interest helps in improving performance.
Generally, conventional agriculture does not consider
factors that reduce yields, such as loss of inputs in
areas of non-crop. Researches propose to take into
account the climatic conditions such as strength and
wind direction to avoid loss of inputs caused by wind
drift, and the overlap in places already applied, To do
this, an auto-adjust algorithm for routes under different
conditions is performed by sensors network and it is
run on a UAV, the model shows that the setting can
significantly reduce the loss of pesticides and fertilizers
[53].

The management of early weed in site-specific of
broadleaf in a wheat field can be performed by orthomo-

Figure 3: a. One day after application, b. no weeds, c. new patches [52].
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saics [54]. The use of high spatial resolution images
taken by aerial vehicles is studied, these images have
shown having the potential for controlling agronomic
and environmental variables. A large number of captured
images is done to be superimposed and form a mosaic
that produces a single image representing the whole of
the work area. The work provides a solution to large
sampling areas to control of weeds.

Some diseases are manifested in the crops by chlorotic
spots, leaf deformations or signs of powdery appearance
on the upper or lower side of the leaf [55], one of the
diseases that generates great economic limitations is the
mildew, caused by a forced fungus, the symptoms appear
as chlorotic spots on the leaves, which can progress until
causing leaf necrosis.

Studies have shown that the use of images of high
thermal resolution and multispectral can be an indicator
of infection, in Figure 4 below, it is shown a project that
was conducted in two poppy plots artificially infected.
The thermal and multispectral images were acquired
with a resolution of 200 mm in three dates by an UAV
[56]. The work shows the feasibility to detect the disease
through aerial photography based on a high correlation
between the presence of the disease in field and the
identification in images.

4.4. Detection of nutritional stress

Problems related to the scarcity of fertilization
manifest themselves in different forms such as leaf
yellowing, stunting, necrosis, as seen in Figure 4, these
variations can be monitored by remote sensing.

Figure 4: Symptoms nitrogen deficiency [57].

Applications of UAVs in Precision Agriculture covers
the design of requirements fertilizer, which can be
performed by using multi-spectral cameras or common
cameras with specific filters to estimate the Vegetation
Index (VI) [58]. The use of aerial photography by
UAVs helps determine the VI that relates crops own

variables such as nutritional deficiencies algorithms for
doses of fertilizer in plants. Figure 5 shows an experiment
conducted in corn in two different pieces of land,
one under controlled fertilization and the other with
traditional management, it were determined the VI,
NDVI and LAI results show that fertilization decision
is based on various parameters: leaf area, leaves color,
biomass, and others; studies show a high correlation
between the images studied and nutritional deficiencies
according to the leaf color.

Figure 5: Orthorectified mosaic. The inset delimits
the corn fertilization test. Red circles stand out the
cultivation areas measurement [58].

On the other hand, it is known that the phenotype is
the set of visible characters on individuals, so the remote
sensing based on UAVs can also be used rapidly and
profitably to identify phenotypes. Currently, it equipped
with sensors for the formation of multi-spectral images
for spatial variability of soil nitrogen and subsequent
phenotyping for low nitrogen (low N) and tolerance of
corn to nitrogen stress is evaluated by the Normalized
Difference Vegetation Index (NDVI) [59].

The NDVI is calculated for generating useful
information for applications in precision agriculture
techniques, from there, the affinity is studied with several
indexes that relate the state of the crop, in another study,
the used vehicle has a multi- spectral sensor that acquires
multitemporal images during the sunflower growth, those
measurements are taken at different times of the day.
The results showed that the linear regressions between
NDVI and grain yield, aerial biomass and nitrogen in
biomass were significant at the 99 % of the confidence
level, except during the very early stages of growth, but
the time of day where images are acquired, the process
classification and image resolution did not have effect on
the outcome [60].

In Italy, they use unmanned aerial vehicles to
obtain aerial photographs of vineyards. The information
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between rows and characterization of the vineyard serve
to map the plant vigor, it also can be used to reference
other tasks of viticulture as path planning of unmanned
ground vehicles [61]. Additionally, it is proposed the use
of aerial platforms for researching on issues related to
land allocation, physiological traits in crops, including
the response to biotic and abiotic stresses.

5. Valuation of Inventory

Inventory has recently been used in forestry, to
determine quantity and state of health of both urban
and rural trees, to acquire information about inventory
of roads and their status, and in the livestock sector it
is often required to count and monitor animals, studies
scans of large areas of livestock systems as shown in
Figure 6.

Figure 6: Detection of cattle in livestock systems [62].

Counting and monitoring of animal species can be
done by video recordings taken from UAVs. The system
also keeps track of the number of animals identified
(Figure 7).

Figure 7: Detection of cattle in livestock systems [62].

In the agricultural sector, they are made inventories
about the amount of trees, for example: fruit trees, rows
of products with high density planting, and irrigation
systems; the applications depend on the needs that might
arise in field.

5.1. Detection of water stress

Producers with areas of considerable size, in which
the water management is difficult because of the acreage,
they have made more technical the production system
through the implementation of drip irrigation, which
are used in order to optimize the use of water resources.

There are two ways to identify the good or bad running of
the system, the first relates to the identification of faults
and the second with the plant water stress manifested
in physical characteristics as a source of information, so,
thermography is a useful tool to identify the proper
functioning or failures that may occur in irrigation
systems.

It has been developing since 2002 applications for
monitoring and decision supporting by using solar energy
UAVs, from them aerial shots are made and color images
are used to map invasive weeds outbreaks and reveal
anomalies in irrigation and fertilization [63].

By using photography it is possible to find differences
in temperature in the productive system, it is common
to find lower temperatures in places where leaks are
present while irrigation is running, this is an efficient
way to identify and correct failures in extensive
irrigation systems, supporting this methodology, the
implementation status of the resource can be evaluated
based on temperature measurements of the foliage
of treetops in individual trees, when the system is
active such as fruit production; the study results
show it is feasible to wuse high-resolution thermal
images for the integration of crops response in
evaluating the performance of irrigation and to provide
recommendations [64].

On the one hand, researches propose thermal images
taken by UAVs to evaluate the correlation of the canopy
temperature and water status of the plant, allowing
to determine the situation of supply systems, which
may not always be easily detected with standard testing
irrigation protocols performance [65]. On the other hand,
water stress can also be measured based on canopy
temperature and vapor pressure deficit, usually it is used
for the irrigation diagnosis the indicator maps of Crop
Water Stress Index (CWSI), currently used to detect the
spatial variability of water deficits through grape crops,
thermal images obtained by UAVs have been effective
in evaluating the spatial variability of water scarcity [66].

Color is also an indicator of water stress, for instance,
in Spain have been carried out experiments to determine
measurements of chlorophyll fluorescence in leaf and
index data of reflectance in citrus, working under a
controlled deficit irrigation [67]. The data consists of
thermal and hyperspectral images acquired at the time
of maximum tension, before the step of re-watering.
The study demonstrates the feasibility of the thermal
and narrow band indices, and fluorescence recoveries
obtained from a hyper-spectral micro camera and a
thermal imaging camera on board small UAV platforms
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for detection of stress in the foliage of trees [68]. Thermal
and multispectral images allow evaluation and mapping
of the spatial variability of crop water status [69].

5.2.  Changing land use

The change in land use is done to expand the
agricultural frontier or to restore an area through
reforestation, from the agroecologically point of
view, researchers evaluate whether measurements
of lightweighted Unmanned Aerial Vehicles (UAVs)
are profitable replacement for traditional field
measurements, and to determine the structure of
the foliage in forest restoration studies. The method
combines aerial images from digital cameras with
computer vision software to generate ’point cloud’ 3D
models of vegetation at high spatial resolutions.

These methods could broaden the scope of the studies
about dynamics and forest recovery when combined with
calibration over field [70].

6. Conclusions

Agriculture can be seen highly benefited in economic
and environmental terms on the basis of identification
of site-specific variables that can provide solutions to
traditional problems of indiscriminate applications by
averages or planned, by both spatial and temporal
monitoring that provides reliable information for a better
understanding of the crop dynamics.

The resource optimization can significantly increase
the performance of the production system for two
reasons: first, production increases due to the rigorous
spatial management in the productive system, and
secondly, there is a decrease in the quantity of inputs
(fertilizers, herbicides and others) as well as a consequent
reduction of costs, this ratio significantly increases the
rate of inputs regarding the outputs (cost-benefit).

Aerial photography by UAVs brings great benefits,
both technical and economic. Firstly, it can identify
field variability by a specialized software, and secondly,
photography with UAV is more accessible for farmers
than satellite images in terms of money.

Colombia has great potential for UAVs using, because
of being a country with a primary production, but
geography is a limiting factor that must be taken into
account for the implementation of new technologies.
Other perspectives and current trends can be consulted
on the web, oriented to networks of specialists in the
subject, see among many: for example [71].
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