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Abstract

The present attests to the development of autonomous unmanned aircraft systems and their widespread use in
various fields. The article presents the level of development of mini UAVSs, the rapid growth of their use in various
fields and challenges for various civil applications. At the same time, current research trends are highlighted and
future perspectives for use in precision horticulture are identified. For this, the research methodology used included
both quantitative and qualitative methods of the type of secondary analysis of statistical data and specialized
literature, respectively the SWOT analysis model, supplemented with the observation method. The realization of the
study allowed to obtain an overview of the level of development of mini UAV and the possibilities of increasing the

degree of use in various fields.
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INTRODUCTION

The development of unmanned aircraft
systems is a certainty of the present in which
society shows increased interest. If at the time
of their appearance they were intended and
used in various military applications, we have
gradually witnessed their adoption by civil
society where there is a rapid increase in
interest regarding the use in various civilian
applications. At the same time, the interest of
researchers in the development and
implementation of unmanned aircraft systems
is also increasing, indicated by the numerous
topics addressed in SCOPUS publications, for
example, whose numerical evolution registers
a spectacular increase between the years 2000
and 2015, from 539 to 23,502 topics [31].

Unmanned aircraft systems comprise different
components (unmanned aerial vehicle, launch
and recovery station, data network, technical
support systems, control station, human
interface, etc.) whose complexity configures

different classes among which the mini UAS
is considered the fastest growing class [43].
The growth is due to recognized features such
as: low costs [40], implementability directly
from the field, accessibility of technologies
[43], flexibility etc., which give it advantages
and ensure a dominant presence in
applications civilians from all fields of
activity [6, 7, 27, 12, 28, 55, 9, 42]. Missions
and applications dedicated to precision
horticulture are relatively new, emerging and
fruiting capabilities to provide a unique
recognizable image of
agricultural/horticultural land and even
precision detailing solutions starting from
broad spectrum sensors (EO-optical, infrared
IR , NIR quasi-infrared TR thermal sensors).
These details were almost impossible a few
years ago even for conventional UAV
systems. Starting from the success of these
applications, attention was also directed to the
area of precision agriculture/ horticulture. The
first type of missions for agriculture/
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horticulture applications refers to the rapid
integration of crop images, a comparison with
the classic method performed with
conventional tractors for areas of 5-10 x 5-
10km is provided [23]. In this case it is
suggested that multiple drone systems [11].
connected to ground robots may be used in the
future (the problem of communication
between these types of robotic vehicles will
benefit from  disruptive  technological
progress). The new missions specific to
precision agriculture/horticulture [39]. are
moving towards analyzing and comparing
soils, evaluating the effects of specific
procedures, evaluating specific performances
[23,17].
The current state of research in the field
Yamaha Motor Company (Japan, 1987) [60]
proposed the RMAX-R50 concept dedicated
to spraying rice crops with pesticides.
Cisneros (2013) [13] proposed the low-cost
concept for use in emerging South American
countries (especially Peru). Subsequently,
Glen (2015) [22] anticipated the downsizing
effect and showed a possible market entry of
medium and small UAV robotic systems that
take advantage of the downsizing of specific
multispectral sensor systems [2].
Gogarty and Robinson (2012) [23] proposed a
classification of modern drones based on
endurance and flight altitude: HALE (high-
altitude long endurance), such as Global
Hawk and Predator, or MALE (medium-
altitude long endurance). For applications for
precision agriculture/horticulture, there is no
question of special performances, the
endurance not being over 30-60 minutes of
flight [24, 20]. The correlation between types,
missions and specific performances starts
from the following reference elements [5]:
a) Maximum take-off mass

-giant drones: Global Hawk

-heavy drones: m=200-2,000kg (e.g. Fire

Scout)
-medium drones: m=50-200 kg
-light drones: m=5-50 kg (RMAX,

Yintong, Autocopter)
-micro-drones: mass under 5 kg (Raven,
Lancaster, eBee, Swinglet, CropCam)
b) Endurance and range
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-long endurance (24h) and range (over
1,500km): Global Hawk
-medium endurance (3-24h) and 100 km
range
- drones for agricultural missions typically
achieve an endurance of 30-60 minutes
and a range of 20-25 km
¢) Maximum flight altitude
- high altitude
- medium altitude (500-5,000m) - rarely
used in agriculture (NIR, TS)
-low altitude (100-500m)
d) Alar loading - for agriculture/horticulture
applications, reduced loads are preferred to
ensure transport capabilities

e) Propulsion system: classic (RMAX,
Autocopter) or electric

f) Power source.

Regarding drones for precision

agriculture/horticulture (plane or multicopter
type), there are very few bibliographic
references [32]. In this case, the elements of
interest (performance, flight qualities, specific
transport aspects) refer to the semi-
autonomous flight capabilities, the initial
acquisition cost, the level of complexity of the
possible  missions, = maintenance  costs
(including periodic corrections specific to
drones small).

In this context, the purpose of the study is to
know the level of development of mini UAVs
and to identify future prospects for their use in
precision agriculture/horticulture. Achieving
the goal was possible by fulfilling the
following objectives: knowing the current
state of research in the field; benchmarking
analysis with the main achievements
worldwide; identifying the main uses of mini
UAVs in precision agriculture/horticulture;
future prospects for the use of mini UAVs in
precision agriculture/horticulture.

MATERIALS AND METHODS

Achieving what was proposed was possible
by carrying out research from a double
perspective:  descriptive to ensure the
understanding of the evolution of mini UAVs
and the need for their adoption in precision
horticulture, as well as explanatory to identify
the variables and the relationships between
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them for their widespread adoption in
precision horticulture.

From a methodological point of view,
quantitative  and  qualitative = methods
belonging to strategic management were used
because they allow obtaining an overview of
the level of development of mini UAVs and
the possibilities of increasing the degree of
use in various fields.

The research was organized in two stages. In
the first stage, the secondary analysis of
statistical data and specialized literature was
carried out, identifying critical factors and
successful initiatives. The second stage
included the application of the SWOT
analysis model where, based on the
combination of information from the four
quadrants, the current research trends were
highlighted and the future prospects for the
use of mini UAVs in precision horticulture
were identified (Fig. 1).

Stage 2 |
* highlghting current

reszarch trends
* identifiing future
PeIsSpectnes of use

Fig. 1. Schematic structure of the research Source: Own
conception.

* Secondary anadysis

o identification of
entical factors

o successiil initatives

= Stage 1

* the SWOT
analyss

RESULTS AND DISCUSSIONS

The present study was carried out according
to the schematic structure of the research
presented in Figure 1. The secondary analysis
of the statistical data and the relevant
specialized literature allowed both the
highlighting of the achievements and the level
of development of UAVs and the scenarios of
their application in horticultural ecosystems
from the perspective of the following
directions: monitoring the state of vegetation
and identifying possible vulnerabilities in
horticultural  ecosystems, applying the
necessary treatments with precision and with a
reduced volume of solution; soil texture

mapping, irrigation scheduling, production
maturity mapping.

The main achievements worldwide have been
highlighted with the help of the benchmarking
analysis and highlight the following types of
UAVs (Table 1).

Table 1. Benchmarking analysis with the main
achievements worldwide
. Rota Parachute/aerostat
Airplane type wing/multzzopter flexible surface
drones
drone drones
Precision Hawk RMAX SUSI-62
Lancaster
Swinglet Cam Yintong
eBee Venture Outrider/
Nenture Surveyor
Wave Sight EnsoMOSAIC
CropCam -
Trimble UX5
Agribotix Horne -

Source: prepared by the authors based on the secondary
analysis of the specialized literature.

The rapid evolution of mini UAV technology
leads us not to detail the types of drones
further and to bring to attention those
mentioned by Dalamagkids (2015) and Stark
et al., (2013) [15, 46].

Mini UAVs have the ability to collect a large
volume of high-resolution spatial images,
their processing leads to obtaining useful
information for the identification,
quantification and classification of
vulnerabilities within agro-ecosystems
determining a quick reaction from the
management to correct the vulnerabilities.

The collection of information takes place with
the help of sensors mounted on the mini
UAV. There are four types of sensors that
cover almost all UAV remote sensing research
applications in precision agriculture: RGB,
multispectral, hyperspectral and thermal
sensors. The first three categories compete in
the creation of georeferenced reflectance
maps, and the last category in the creation of
temperature maps [35].

The SWOT analysis

SWOT analysis is used in numerous studies to
evaluate the capabilities and shortcomings of
the analyzed subject [33]. The results obtained
proved relevant for increasing the level of
development of mini UAVs and highlighting
the types of missions applied in precision
horticulture. The SWOT analysis model was
applied to evaluate current research trends and
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identify future perspectives of use. It allowed
the development of strategic options for
boosting the use of mini UAVs in precision
horticulture.

Strong points

Mini UAVs are emerging technology
elements increasingly used in agriculture.
Their adoption in specific technologies in
horticulture is based on the ability to collect,
store and analyze large volumes of digital data
related to the crops of interest, with reference
to the identification of possible disease and
pest attacks and implicitly to the development
of solutions regarding the optimization of
resources. This results in a number of
benefits:

- economic benefits based on cost reduction
(especially those associated with labor,
energy and water resources)

- speed/agility and precision in action

- ensuring the sustainability of the soil

- non-destructive analysis capabilities,
solutions and strategies.

Weaknesses

Like all activities and the use of mini UAVs,
they present a series of weaknesses: operating
under strictly regulated conditions, which
often do not keep up with the evolution of
technology and slow down the expansion of
these applications; short flight time and the
need to purchase several batteries; the
existence of restrictive environmental factors
(wind) and restrictions for certain areas
imposed by the aeronautical authority; the
timidity of integrated educational initiatives
regarding training in the operation of mini
UAVs and monitoring of horticultural fields;
few partnerships between horticultural and IT
specialists to analyze, interpret and develop
solutions  to  regulate  agroecosystem
vulnerabilities.

Oportunities

The analysis carried out led to the
highlighting of the following opportunities
regarding the adoption of mini UAVs in
horticulture: the manifestation of a flexibility
on the part of the authorities manifested with
the change of regulations regarding UAV
management in 2001 and implicitly of a
continuous  availability to adapt the
regulations to the evolution of technologies
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and market requirements; imprinting
agriculture with the character of high-tech
industry with decisions based on the
collection and real-time processing of data for
the automation and optimization of the
management of the agricultural enterprise; the
opening of new directions of research and
development; the attraction of young people
to drone technology and the need for their
entrepreneurial education for the development
of service enterprises to operate in the rural
area; the creation of new jobs; improving
production and profitability of horticultural
enterprises.

Threats

The following threats to the increase in the
adoption of mini UAVs in horticultural fields
have been identified: the shyness of actions to
promote among farmers the need to adopt
aerial monitoring of horticultural fields even
at the level of access as a third-party service;
the lack of partnerships at the level of small
farmers for the joint purchase of aerial
monitoring services for horticultural crops;
lack of educational partnerships between
farmers and public institutions (universities
and central/local authority) regarding drone
technology education.

Missions to monitor the state of vegetation
and identify possible vulnerabilities in
horticultural ecosystems

Aerial monitoring of horticultural ecosystems
involves the development of work processes
based on the use of space technologies with a
very low impact on the environment, for
monitoring resources to increase production
and the state of vegetation of crops using
UAV (unmanned aerial vehicle) type
equipment to capture of aerial images and an
information system for the processing of
aerial  photographs, the creation and
georeferencing of orthophoto planes. The
implementation of aerial monitoring takes
place by carrying out flight missions at certain
heights (heights for example 100 m),
according to a flight plan made by selecting a
terrain area on a Google Earth or Map
support. It follows obtaining approvals from
the Aeronautical Authority and the Ministry
of National Defense for flying over a land
surface at this height with the specification of



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 23, Issue 1, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

the take-off and landing points; the realization
of the flight plan aiming primarily at the
coverage of the area of interest, then the
generation of the flight trajectories that the
drone must cover, so that the photos taken
have an overlap of 70% and the flight times
are supported by the power of the batteries
(approx. 25 min for a battery); preparation for
the takeoff of the drone (favorable weather
conditions - clear sky and wind below 7m/s,
coverage of the telephone network necessary
for data transmissions, adequate GPS signal);
carefully following the trajectories traveled
[29]. The images obtained during the aerial
monitoring of horticultural ecosystems are
processed with the help of dedicated software
leading to the early detection of diseases and
pests in the crop; accurate weed mapping;
accuracy in forecasting; the application of
pesticides with precision and in a small
volume of solution; optimizing nutrient
administration; monitoring plant growth [4].
Thorp et Tian (2011) [48] identified spectral
differentiation solutions and proposed spectral
response testing solutions. Thus, remote
detection is possible, fruiting the ability to
provide the aerial 1image and location
precision specific to drone-based technologies
[50]. In this sense, the following phases are
identified [49]: mission planning; flight for
image acquisition (EO and NIR sensors);
spectral image processing.

The SWOT analysis of aerial monitoring
missions  of  horticultural  ecosystems
highlights the existence of some strong points
for their adoption represented by the short
time required for flying over the surfaces and
the ability of the sensors mounted on the
drone to capture images that contain
information about the presence of stressors
and the recording of GPS coordinates. Large-
scale adoption of aerial monitoring is
hampered by operating under strict regulatory
conditions and a lack of action to train farmers
in the operation of mini UAVs. Added to this
is the shyness of actions to promote aerial

monitoring services offered by different
companies. However, the flexibility and
willingness of the authorities to adapt

operating regulations to the evolution of
technologies and market requirements

represent an opportunity that favors the
orientation of farmers towards aerial
monitoring of horticultural ecosystems in
order to identify possible vulnerabilities early.
Missions of application with precision and
in a small volume of solution of
phytosanitary treatments

The use of mini UAVs in agriculture was not
limited to the aerial monitoring of crops and
the research of the state of vegetation through
captured images, but continued with the
application of imputations, respectively of
pesticides [47]. Thus, mini UAVs for disease
and pest control manage to maintain their
control in identified areas, by applying
variable doses of pesticides [30]. The positive
impact of the activity on the environment and
human health is evident [16] as a result of
spraying small volumes of pesticides and only
in identified areas compared to the classical
administration of treatments uniformly and
over the entire surface. However, the risk of
spraying deviation from the target area as a
result of the negative influence exerted by
technical and environmental factors is not
excluded, which attests to the development of
research to improve the technique [3, 34] in
the conditions of finding a real potential for
the use of mini UAVs in the precision
application of pesticides [18, 19, 10]. In
Japan, the use of UAVs has a history and
remarkable achievements since the 80s with
the creation in 1987 of the first unmanned
helicopter for pesticide application with a
payload of 20 kg [58] and subsequently
numerous improved variants. As a result of
the success recorded in rice fields in Japan,
UAVs for pesticide spraying have been
extended to numerous agricultural crops:
wheat, oats, soybeans [59] including
horticultural  ecosystems in  California
vineyards [21]. This attests to the utility of
these practices and the development of spray
platforms  compatible = with  numerous
commercial UAVs in numerous states [58, 45,
25, 37]. Moreover, there are studies that
highlight the use of drones in the biological
control of pests [54] and in the elimination of
stress factors by ensuring conditions at the
level of requirements and thus maintaining the

297



Scientific Papers Series Management, Economic Engineering in Agriculture and Rural Development

Vol. 23, Issue 1, 2023
PRINT ISSN 2284-7995, E-ISSN 2285-3952

state of health and implicitly resistance to
diseases and pests [41, 57].

The SWOT analysis of the precision
application missions in a small volume of
phytosanitary treatment solutions highlights
their favoring of the possibility of application
in a variable rate and implicitly of the positive
impact on the environment and human health,
of the speed and low cost, respectively of the
quick access in conditions where other
machines cannot operate. Weaknesses are also
indicated, such as the negative influence of
some technical and environmental factors, but
also opportunities offered especially by the
real potential for the use of mini UAVs in the
precise application of plant protection
products.

Soil texture mapping missions

The importance of the soil for the
manifestation of the productive characters of
the plants is known, and obtaining fast and
precise information about its characteristics is
very useful. Because soil texture is a relatively
stable natural property of soil that influences a
number of physical and chemical properties
(structure, porosity, hydraulic properties, and
nutrient retention capacity), research is
oriented toward rapidly obtaining information
about it (Wang et al. . 2015) [56]. Numerous
studies attest to different methods of soil
mapping: quantitative methods based on the
theory of the soil-landscape relationship [26],
respectively on geo-statistical factors [38];
method based on artificial neural network
operating on remote sensing data [61];
establishing regression models between the
reflected spectrum and the percentage content
of sand or clay [36]; using microwave remote
sensing of soil moisture [44]; methods for
evaluating soil texture by studying the
relationships between the content and size of
different soil particle fractions and its surface
temperature (daytime, nighttime, diurnal
temperature range) using predictive linear
regression models [56].

The SWOT analysis of the soil texture
mapping missions brings to the fore the ability
to obtain information in a short time about the
physical and chemical properties of the soil
which, along with the development of
different categories of sensors and remote
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sensing, favors their adoption. The lack of
solid partnerships between horticultural,
pedological, IT and public institutions to
analyze, interpret and develop sustainable
solutions to improve soil characteristics and
ensure their maintenance is delaying the large-
scale adoption of these missions. The high-
tech industry character imprinted on
horticulture by these technologies capable of
real-time  collection  and  processing,
automation and optimization of business
management, creation of new jobs for young
people are opportunities for their adoption.
Irrigation monitoring  missions  in
agricultural/horticultural lands

The objective refers to the selection of sensors
for obtaining relevant images. The first test
[53] refers to an airplane-type drone with a
wingspan of 2.5m and an endurance of 40
minutes with capabilities to retrieve digital
data and images (in real time) of soil quality
variation, salinity and crop development.
Research has focused on the ability to create
temperature maps through thermal imaging [8,
14].  Turner (2011) [52] equipped a
multicopter with electric motors for vineyard
mapping missions; sensors used were EO and
IR. Tsouvaltsidis et al. (2015) [51] proposed
the use of a low-endurance multicopter (10-15
minutes) equipped with IR sensors (QE,
Ocean Optics) in synergy with EO in a way
that allows the identification of drought
effects on crop productivity. Real-time data
allows identifying the need for irrigation in a
remarkable timing [62]. Drones have been
used in 3D surveying missions and are

excellent robots for farms, providing
capabilities  for  monitoring  irrigation
equipment and its operation mode,
highlighting the need for maintenance.

Another related mission concerns the
surveillance of water resources for irrigation
[1].

The SWOT analysis of horticultural field
irrigation monitoring missions highlights
numerous assets for their widespread
adoption: the ability to collect real-time
information on soil quality variation, soil
salinity and crop development; the ability to
create temperature gradients; identifying the
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need for irrigation, monitoring water
resources, etc.

The analysis of the four elements of the
SWOT analysis leads to the elaboration of the
following strategic options for increasing the
degree of adoption of mini UAVs in
horticultural fields:

Dynamic adaptation of UAV management
regulations to technological evolution and
market requirements;

* Promotion of educational partnerships
regarding the utility of aerial monitoring of
horticultural crops and the application of
variable rate imputations;

* automation and optimization of agricultural
enterprise management;

* promoting an entrepreneurial education for
the development of aerial monitoring service
companies of horticultural fields to operate in
the rural area;

* encouraging partnerships between farmers
and their joint access to aerial monitoring
services;

+ the attraction of young people to drone
technology and the need for their
entrepreneurial education for the development
of service enterprises to operate in the rural
area;

CONCLUSIONS

There is a particular interest in expanding the
applications of UAV systems in the
conditions of the fruition of the aspects of
modularity, scalability and the reduction of
operating costs through the downsizing
conferred by the developments at the level of
materials, sensors, and propulsion systems.
Starting from the analysis of the current state
of the miniUAV, new capabilities and
possible developments in the field of
precision agriculture and horticulture were
demonstrated. The realization of this study
leads to the development of recommendations
with a positive impact in the process of
dynamizing the effective implementation of
mini UAV applications in the horticultural
field.

This article promotes specific research and
accelerates  capabilities  regarding  the
adaptation of mini UAV systems to specific

horticultural technologies. By studying the
numerous applications of mini UAV systems
in the agricultural field, new research and
development directions and new
implementation perspectives result.
Capitalizing on the high potential to develop
mini UAV systems dedicated to precision
agriculture and horticulture applications
involves not only the development of
materials to reduce the mass of the pods, the
improvement of electric propulsion systems,
with a focus on batteries, C2 capable systems,
but also the development of sensors suitable
for the applications and the missions
analyzed, respectively ensuring efficiency and
adequate implementation at the level of users.
These mini UAV systems can thus contribute
to increasing yields and productivity by
automating and optimizing the management
of agricultural enterprises in a scalable way.
In this way, superior results can be obtained at
the level of the capabilities to ensure the food
needs, under the conditions of awareness of
the fact that resources are limited and in a way
that also integrates the active management of
the negative impact of climate change on the
agricultural/horticultural field.

Technological progress in mini UAV systems
equipment cannot be fruitful without the
support of entrepreneurial  educational
partnerships for understanding and training in
the process of aerial monitoring of
horticultural fields. In this way, new
directions for the development of service
enterprises are opened and new jobs are
created in the field of precision horticulture.
The field of mini UAV technologies is
emerging and attracts young people, and its
adoption can help keep them in rural areas
where they can capitalize on the employment
opportunities created through this
entrepreneurial educational partnership.
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