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APPLICATION OF PESTICIDES BY DRONES
FROM THE POINT OF AUTHORITIES

ZOLTAN BACSA' - ATTILA RAKOCZI?

" Government Office of Békés County, Department of Agricultural
2 Szent Istvan University, Institute of Irrigation and Water Management

Corresponding author: Attila Rakéczi, email: rakoczi.attila@szie.hu

ABSTRACT

Agricultural precision farming has gone through a huge
development recently, which applies to plant protection
as well. It can be said that it is no longer just a strong
interest in using drones as plant protection machines,
but the use of these machines in agriculture has actu-
ally begun. As though drone spraying has been granted
social legitimacy. In our research, the regulatory instru-
ments currently in force have been examined. However,
for the time being, the exercise of the activity constitutes
an infringement that the authorities — following the exist-
ing legal requirements — may only consider as fine to be
imposed on the person carrying out the activity. It has
been declared that, as a result of a growing interest com-
ing from the farmers, a more extensive use of drones in
activities of pest protection will be made available when
creating the related regulations.

keywords: sustainable agricultural, crop protection,
drone technology, legislation

INTRODUCTION

Agricultural production has undergone a vast technical
development during the past decades. (Rodroques 2009).
As a result of development, our yields in terms of cultivat-
ed plants have increased in such a way that in the mean-
while a much higher emphasis was put on environment
protection as well as nature conservation (Lav R. et al.
2012). As a consequence of technological development,
less and less dosage of both fertilising products and pes-
ticides has to be used (Gebbers és Adamchuk 2010). A
growing demand towards plant protection treatments
with the use of drones has also occurred lately.

I analysed how —as part of precision agriculture — farmers
are increasingly encouraging the use of drones as plant
protection machines, in particular for the application of
plant protection products, however, the domestic legal
environment of this activity is still being developed and

the exercise of this activity is therefore still illegal. Mean-
ing by this that plant protection treatments with a drone
should be sanctioned by the imposition of plant protec-
tion penalty. The legislative process has not progressed
by the time this study was written. The use of pesticides
by drones continues to be illegal activity. Meanwhile, not
only has the interest in drone plant protection increased,
but the plant protection authority had been informally
aware from the beginning of 2020 that drone treatments
were becoming more common. In the end, it was inevi-
table that by the end of August 2020 a drone treatment
is officially on the authority’s radar and an official admin-
istrative procedure is therefore initiated for the imposi-
tion of a fine. The study seeks to demonstrate how the
authority interprets existing legislation, and in the light
of that how legally assesses the plant protection activity
with a drone and what sanction it applies.

The authority carried out its procedure for the application
of pesticides by drone on the basis of the legislative provi-
sions referred to below (Figure 1.).

1. In accordance with Paragraph 1. (4) of the Act No CLXV
of 2013 on Complaints and Public Interest Disclosures:

B ™

Figure 1: Drones with precision sprayers (insert) apply agrochemicals
only where they are needed
(Source: Anthony 2017)
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LAny person may lodge a complaint and public interest
notification with the body entitled to take action in the
matter relating to the complaint or to the public interest
notification (hereinafter: competent body). The public in-
terest notification made orally shall be recorded in writ-
ing by the competent body and shall be provided in a
duplicate to the public interest notifier.”.

According to Paragraph (1). 2. of Act on Complaints:

. The complaint and the notification in the public interest
must be dealt with within 30 days of receipt of the com-
plaint by the competent body, unless provided otherwise
by law.”.

According to point d) Paragraph (1) 3. of Act on Com-
plaints:

.In the light of the complaint or the public interest notifi-
cation - if it proves to be valid — provision should be made
for the initiation of Liability where appropriate.”.

2. According to Paragraph 99. of the Act CL of 2016 on
the Code of General Administrative Procedure (hereinaf-
ter: GAP):

. The authority shall — within its powers — verify compli-
ance with the provision of law, and compliance with the
enforceable decision.”.

According to point a) of Paragraph (1) of 101. GAP:

LIf the authority finds an infringement during an official
inspection, it shall initiate proceedings,”.

According to Point a) in Paragraph (1) of 104. GAP:

. The authority initiates the procedure ex officio in its area
of competence if it becomes aware of the circumstance
giving rise to the initiation of proceedings,”.

3. According to the Decree 43 of 2010 of the Ministry of
Agriculture and Rural Development on the rules of plant
protection 5. Paragraph (1)-(2):

.5. & (1) Plant protection products shall only be used as
authorised in full compliance with occupational health
and chemical safety rules.”

.(2) Plant protection products shall be used in accord-
ance with the requirements of the marketing and use
authorisation (hereinafter: licence), in compliance with its
labelling requirements for the prevention of risk to man
and the environment and in accordance with its instruc-
tions for its use and plant protection technology. ”
According to Paragraphs (1), (2) of 32 and Paragraph (1)
of 34 of the Decree 43/2010:

.32. § (1) Plant protection machines with tanks bigger
than 5 dm3 — except plant protection machines for re-
search, testing, experimenting or exhibition purposes
- shall be subjected to the type-approval procedure in
accordance with Annex 3 for droplet formation and
spraying technology before marketing.

(2) Plant protection machines that have legally binding
international quality assurance certification documents
may be approved administratively. The producer, or the
distributor must declare to the Institute of Agricultural
Engineering National Agricultural Research and Inno-

vation Centre (hereinafter: the Institute) that the plant
protection machinery meet the marketing requirements
specitfied in this regulation.

34. § (1) If, as a result of the type-rating procedure a
plant protection machinery does not comply with the re-
quirements set out in Paragraph (1) 32. § (1), the Institute
shall not grant the marketing authorisation, or withdraw
the authorisation already granted.

4. According to Paragraph (1) 17/B of Act XLVI of 2008
on the food chain and the official supervision thereof
(hereinafter: Act on Food Chain):

.Plant protection machinery shall be subject to type rat-
ing before marketing and periodic technical inspection
(hereinafter: technical inspection) during use in accord-
ance with the legislation issued for the implementation
of this Act.”

According to Paragraph (1) 56 of Act on Food Chain:

“In case of infringement of this Act, or the legislation is-
sued for the implementation of this Act, as well as the
infringement of the Act of the European Union which
is directly applicable, and in the event of infringement
of the provisions of an official decision the Food Chain
Inspection Body may take action, impose a fine or give a
warning to the legal person subject to the proceedings,
an organization or natural person without legal person-
ality ( hereinafter in this chapter: the person subject to
proceedings.”

According to Point d) of Paragraph (1) of Act on food
Chain 60:

A plant protection fine shall be imposed on persons who
market, advertise, offer to the public or use a product
that is subject to prior authorisation without authorisa-
tion, by way other than authorisation, without registra-
tion or by way of derogation of registration, or without
the qualification or certification for the activity,”
According to Point i) of Paragraph (1) of Act on Food
Chain 60:

LA plant protection fine shall be imposed on persons
who do not have marketing authorisation (type rating),
in addition did not participate in a periodic inspection, or
marketed, operated or used non-compliant plant protec-
tion machinery,”
5. The section entitled “Plant Protection Fine” and An-
nex |. of the Government Decree of 194/2008. (31.VII.)
concerning the method of calculation and the scale of
penalties in relation with food chain control set out the
rules under which the authority determines the amount
of the fine to be imposed.

MATERIAL AND METHODS

After reviewing the existing legislation, the procedural
acts that the authority has taken to clarify the facts will
be described as well as what facts had to be assessed.

On 31 of August 2020 a notification has been submit-
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ted to the plant protection authority. According to the
notifier, the iceberg lettuce grown by the notifier was
damaged due to the dessication of the neighbouring
sunflowers by drone. It needs to be clarified that the
authority’s notification procedure was a broader one
that investigated the illegal drift during pesticide appli-
cation, and this included the legal assessment of the
plant protection treatment with the drone.

The authority examined the notification with regard to
the provisions of the Complaint Act. In the course of the
investigation, it carried out an official inspection accord-
ing to the Code of General Administrative Procedure., as
a part of which an on-the-spot check was carried out on
the 2nd of September 2020. During the visit the user
of the sunflower area presented and verified with an in-
voice that the dessication of the sunflowers was carried
out in the evening of 26 August 2020 using the product
Reglone Air in the dosage of 2,0 I/ha with a total spray
volume of 8 I/ha by drone application by a service pro-
vider. During its procedure the authority concluded that
the operator did not have a pilot authorisation for plant
protection treatment with the drone.

Although it is no longer necessary to prove unlawful use
of drones, it is interesting to devote a few sentences to
the experience of the field check that demonstrate the
drift of the plant protection product. During the on-site
visit it was found that the sunflower is dried due to des-
iccation, as was the weed it contained in it. Cultures
on the East, South and West sides of the plate show
no symptoms. However, beyond the 18 metres wide
stubble field of oil radishes, on the iceberg and maize at
the depth of 168 metres and some of the weeds con-
tained therein had necrosis spots in the leaves, and in
more severe cases, leaching of the leaves. The effects of
the spray reaching into the cornfield were also observed
in lower weeds inside the stock. A significant part of
the declared iceberg lettuce culture has been damaged
to such an extent that it has become unmarketable.
Phytotoxic symptoms on vegetation indicate scorching
herbicide, which includes diquat-dibromide, the active
substance of Reglone Air. So there is a causal link be-
tween the desiccation of the sunflower and the damage
to adjacent cultures.

The authority found an infringement on the basis of the
experience of the site visit, customer statements, docu-
mentary evidence and laboratory examination records,
and, of its own motion, initiated an official procedure
against a customer carrying out plant protection treat-
ment with a drone.

The authority has notified the client of the initiation of
the procedure. The client did not make use of his right to
make a statement within the deadline, so the authority
issued a decision imposing a plant protection fine on the
basis of the evidence at its disposal.

RESULTS

In this section, an overview is given of how the authority
applied the legal provisions cited in relation to the use of
pesticides by the drone. In other words, how the author-
ity has established that the application of pesticides by a
drone by the customer is illegal and, in view of this, what
penalties were applied and to what extent.

Decree 43 of 2010 of the Ministry of Agriculture and Ru-
ral Development on the rules of plant protection Para-
graph 5. Article (1), (2) provide that plant protection
products may be used only in the authorised manner and
in accordance with the specifications and instructions
of the marketing and use authorisations and labels. The
authority considers that the customer by the application
of the product Reglone Air subject to licence with an
agricultural drone, in the amount of 8 litres per hectare
has performed a use and application different than set
out in the licence, as the emergency licence of NEBIH
6300/234-1/2020 states that “Reglone Air may be used
in autumn colza and sunflower crops for the production
of good, furthermore in sunflower seed production for
pre-harvest stock drying in the dosage of 1,5-2,0 I/ha by
land-based machinery (hydra-tractor) spraying 300-400 I/
ha... The preparation may be used by air applications in
sunflower and autumn colza in at least 10 ha contiguous
areas with an obligatory addition of a drop heavy additive
in the amount of 50 to 60 litres/ha spray mixture.” Even
the emergency licence does not approve the spraying in
the volume of 8 I/ha by the use of agricultural drone.
The Act of 17/B. § (1) on the food chain and the official
supervision thereof and 32. § (1), (2) and 34. § (1) state
that plant protection machinery shall be subject to a type-
approval procedure as a precondition for the granting of
a marketing authorization. The authority concluded that
the client had carried out plant protection services ac-
tivities with drone equipment without Type Rating. The
client attempted to interpret the activity as pilot appli-
cation, however no experimental authorization has been
granted by the competent authority for that area.

As a result of the official control carried out during the
investigation of the complaint received on the 31st of Au-
gust 2020 — on the basis of the on-site inspection, cus-
tomer statements and documents obtained — the author-
ity concluded that by using the plant protection product
subject to authorisation in a different way, and using plant
protection machinery without marketing authorisation
(type rating) the client has committed an infringement.

In the light of the infringement established, the authority
has decided to initiate proceedings on its own motion
against the client for the imposition of a plant protection
fine in accordance with point a) Paragraph (1) of 101 in
the Code of General Administrative Procedure.

In the following, the basis and extent of the imposition of
the fine will be examined. In case of infringement of the
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Table 1: Basic fines to be applied in determining the amount of the plant protection penalty shown in table B) in thousand

HUF

Persons subject to
proceedings that are not
subject to the Accounting
Act

d) point 3. 100

Infringement of Table B)

Subject to the Accounting
Act not exceeding HUF 500
million net annual turnover

Subject to the Accounting Act
exceeding HUF 500 million net
annual turnover

300 500

provisions laid down in the Act on the food chain and the
official supervision thereof 56. Paragraph (1) or in the leg-
islation issued for its implementation, the authority may
impose a fine. In the present case, the grounds for impos-
ing a fine are laid down in Article 60 of the Act on the
food chain and the official supervision thereof Paragraph
1, points d) and i), according to which a plant protection
fine shall be imposed on a person using a product subject
to authorisation in a manner other than set out in the
authorisation; using plant protection machinery without
marketing authorisation (type rating).

As the authority found, as above, the infringements com-
mitted by the customer, thus imposed the two fines.

The amount of the fine is primarily determined by the
rules of the Government Decree. At this point, it must be
borne in mind that the authority also assessed the fact of
the drift in the original proceedings when imposing the
fines. Thus, instead of describing the specific fine amount,
only the rules of the calculation are derived. In accordance
with Point i) 2 of Annex No 1 of the Government De-
cree, the amount of the plant protection fine set out for
the use of plant protection machinery without marketing
authorisation (type rating) is HUF 50.000 per machinery.
In accordance with Point 3., Paragraph d) in Table B) of
Annex No1 of the Government Decree plant protection
penalty rate for the use of a product subject to authorisa-
tion in @ manner other than permitted is up to HUF 150
million, depending on the risk arising from use. Paragraph
(1) of the Government Decree 5. provides that plant pro-
tection fines for infringements listed in Table B) of Annex
No 1.shall not be less than the minimum specified in Table
C) of Annex No1 for the given facts (Table 1.).

In the procedure described, the client was a company with
an annual net turnover not exceeding HUF 500 million.

In view of the above, the minimum amount of the fine
to be imposed is HUF 350.000. In other words, no lower
amount may be set by the authority. The upper limit is
HUF 150 million. The amount of the fine to be imposed
under the fines shall be determined by the authority, tak-
ing into account the circumstances of the case, in which
it may not disregard the principle of graduality. Thus, in
the case of a first infringement, the amount of the fine
clearly tends towards the lower limit.

DISCUSSION

It can be said that it is no longer just a strong interest in
using drones as plant protection machines, but the use

of these machines in agriculture has actually begun. As
though drone spraying has been granted social legitimacy.
However, for the time being, the exercise of the activity
constitutes an infringement that the authorities — follow-
ing the existing legal requirements — may only consider as
fine to be imposed on the person carrying out the activity.

CONCLUSIONS

It can be said that it is no longer just a strong interest in
using drones as plant protection machines, but the use
of these machines in agriculture has actually begun. As
though drone spraying has been granted social legiti-
macy. However, for the time being, the exercise of the
activity constitutes an infringement that the authorities
— following the existing legal requirements — may only
consider as fine to be imposed on the person carrying
out the activity.
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DEVELOPING A NATIONAL REQUIREMENTS
FRAMEWORK FOR SPRAYING DRONES

H-2100 Godolls, Hungary

H-2100 Godolls, Hungary

ABSTRACT

The Hungarian University of Agriculture and Life Sciences
(MATE) is designated by FVM Decree 43/2010 (IV. 23.) to
determine the order and requirements of the type ap-
proval procedure for plant protection machines. Interna-
tional publications, experiences and methods have been
studied to develop the criteria for spraying drones, at-
tracting increasing interest. Field tests were conducted to
determine the risks involved regarding the environment
and the operator’s workload. The measurements provid-
ed an opportunity to optimise the operational settings for
better-quality treatments. Based on the literature and our
tests, we developed a system of requirements for spray
drones relevant to plant protection and identified further
research purposes.

keywords: drone technology, legislation, plant pro-
tection machines, sprayer testing, sustainable agri-
cultural

INTRODUCTION

Nearly 30 years ago, spraying systems mounted mainly
on unmanned aerial vehicles (UAVs), commonly known
as drones, appeared in Asian countries. Over the past
decade, drone technology has exploded thanks to its
wide range of potential applications. However, it is no
longer only used for military, law enforcement and di-
saster management tasks but has significant commer-
cial and private uses. In agricultural applications, remote
sensing was primarily used for quick and cost-effective
soil and cultivated crop assessment. With the rise of pre-
cision agriculture, in addition to drones equipped with
various cameras providing input data and systems that
process, analyse and support farming with large amounts
of data, devices developed for the drone platform are in-
creasingly appearing for use in the production process.
Firstly, they offer an alternative to technologies based on

LASZLO KOVACS'"? - RENATA RAK'2- TIBOR VOJTELA'2— ANDRAS BERES'?
"Hungarian University of Agriculture and Life Sciences, University Laboratory Center, Pater Karoly St. 1,

2 Agrotechnology National Laboratory, Hungarian University of Agriculture and Life Sciences, Pater Karoly St. 1,

Corresponding author: Laszlé Kovacs, e-mail: laszlo.kovacs@uni-mate.hu

traditional machines in plant protection. Spraying drones
is currently the only solution for plant protection work
that requires quick detection and intervention, often in
extreme weather conditions, considering economic, work
quality, and environmental protection aspects.
Unmanned aerial spraying systems (UASS) are licensed
in approximately 20 countries. However, the grow-
ing demand for the introduction of the technology is
prompting legislators to consider amending the legisla-
tive environment. The global agricultural drone market
is estimated at $3,807 million in 2023. According to
some research, this revenue will reach $14,237 million
by 2033 (Future Farming, 2023). Within the European
Union, aerial plant protection is considered environmen-
tally risky, and its use is prohibited or only allowed under
strict supervision and conditions. Directive 2009/128/
EC proposes a prohibition on aerial spraying of pesti-
cides, allowing derogations in cases where they have a
clear advantage in terms of reducing impacts on human
health and the environment compared to other spraying
methods where no other alternative is justified, provid-
ed that the best available technology is used to reduce
drift. In the European Union, two regulations control
the use of drones. The first is Regulation 2019/945 on
unmanned aircraft systems, and the second is Imple-
menting Regulation 2019/947 on the regulation of
operations with drones. Besides the directly applicable
regulations, the Hungarian national regulatory environ-
ment provisions also apply to unmanned aerial vehicle
operations. National regulations applicable to plant
protection activities: the definition of the pilot's compe-
tence and the special regulations of the operation are
included in the 44/2005. (V. 6.) FYM-GKM-KvVM joint
decree. FVM Decree No 43/2010 (23.1V.) contains the
specifications for plant protection machines. This decree
assigned the MATE to inspect plant protection machines
from drip formation and spraying technology aspects.
Additionally to these specifications, other obligations of
the unmanned aircraft system operator include compul-
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sory liability insurance, UASS and operator’s official reg-
istration, meeting competence requirements, determin-
ing the operational category and fulfilling the relevant
regulations, and obtaining the special permits required
to use Hungarian airspace. The Hungarian Drone Coali-
tion attempted to resolve the complexity of the legal en-
vironment when it prepared the barrier map, outlining
the system anomalies and making proposals to simplify
the regulation while keeping in mind the interests of all
parties involved and the social risks.

MATE is legally obliged to publish the requirements for
the type approval procedure for spraying drones on its
website. Due to the rapid development of drone tech-
nology, no generally accepted standards or international
specifications and test methods

following terminology was followed in setting up the re-
quirements and the methodology: scientific publications
on the relevance of the usability of spray drones were col-
lected and analysed. We studied the certification system
for spraying drones pioneered in Europe by Switzerland,
where drones are widely allowed to apply chemicals.

Before developing the requirements, we carried out pre-
liminary experiments with plant protection drones. Pen-
etration, work quality features and working widths were
investigated on the soil surface and the foliage of plants
under different application parameters. Water-sensitive
papers are laid out perpendicular to the direction of flight
at 25 cm from the ground on special holders for fixing
the pieces. The distance between each paper was equal

were available. Our goal is to
present the development and de- E
scription of the drone technology
requirements from a spray tech-

nology viewpoint. ®
MATERIAL AND METHOD 7‘
Meaeorological gation

To comply with our legal obliga-
tions and conduct a well-estab-
lished official procedure, we had
to consider the impact of drones
on human health, the environ-

“10m A
- - -

]
A .
7 i
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|
sampling ines :

flight path

ment, and efficiency views. The

Figure 2: Sampling site on the plant

Figure 1: Test arrangement
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Table 1: Flight parameters and environmental characteristics

dose (dm?*/  flight altitude flight speed  temperature RH (%) wind speed wind working
ha) (m) (m/s) (°Q) (m/s) direction width
() (m)
60,0 2,0 1,6 19,8 35,7 1,9 180 -
20,0 2,0 4,1 20,4 34,4 1.5 110 -
10,0 2,0 53 20,8 32,2 0,7 150 -
50 2,0 6,3 21,5 32,5 1.5 320 -

(25 c¢m) along the line for 10 m (Figure 1). In the experi-
ments on the crops (sunflower, corn), water-sensitive pa-
pers were placed on the leaf surface at three different
height levels, as shown in Figure 2. The parameters and
environmental characteristics of the experiments are giv-
en in Table 1. The test was performed with a DJI AGRAS
T20 UAV. Environmental features were recorded using
a meteorological data collection station. After spraying,
dried samples were collected, digitised, and relative cov-
erage and specific droplet number were determined us-
ing National Instruments LabVIEW vision image process-
ing software.

RESULTS

Our literature research found a small number of usable,
relevant literature. Based on reliability, robustness, and
comparability, only a few publications (approx. 20 pieces)
can be considered and are reliable from a legislative point
of view. Since the spread of spraying drones is the larg-
est in Asia, most publications also come from there, but
the operational and legal environment is different. The
study prepared by the Working Party on Pesticides (WPP)
working group of the Organization for Economic Co-op-
eration and Development (OECD) assists researchers, leg-

islators, and drone manufacturers in further development
and suggests research directions. We also considered the
cited study’s guidelines and experiences during our work.
The publications emphasise that the efficiency of spraying
drones is affected by other factors, such as turbulence,
speed, and nozzle location, compared to conventional
technology, under the same application settings. Consid-
ering these conditions, overall lower coverage and poorer
coefficient of variation (CV %) are achieved compared to
conventional technology. Most studies conducted tests
between 1.5-3 m flight height, while flight speed was
typically between 3-4 m/s. In European publications, air
volumes of 30-100 I/ha were mostly tested. Alternatively,
a dose of 10 I/ha would be preferable for UAVs to achieve
greater economic efficiency, but this may cause problems
in achieving adequate coverage. Similar experiences were
observed during our field tests. Without a defined quality
standard, coverage quality is not defined because it de-
pends on the number of droplets, the quantitative value
of coverage, and the type of pesticide. Based on the mea-
surement results, it can be concluded that at the dose
settings of 60, 20, and 10 dm?/ha (Figure 3), a specific
droplet number of at least 20-30 pieces/cm? is provided,
as accepted in literature sources.

For higher dose rate sprays, this is 5.5-7 m, for the lower
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Figure 3: Specific droplet number at different application rates
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Figure 4: Relative coverage at 20 dm3/ha application rates

10 dm®/ha setting, this is only achievable at a working
width of 3.5-4 m. When spraying with a dose of 5 dm?/
ha, the desired spray coverage was not detectable on the
target surface. The minimum specific droplet rate of 50
pieces/cm? accepted for fungicides can only be achieved
at doses of 20, 60 dm3/ha up to working widths of 5.5 to
7.0 m. The relative coverage values for the above-men-
tioned working widths are 1.5-50% for the dose of 60
dm?/ha and 1.5-8% for the setting of 20 dm?nha (Figure
4). In the treatment with a dose of 10 dm?/ha, the relative
coverage value changes in the range of 0.7-3%, while in
the case of a dose of 5 dm?/ha, it does not reach the val-
ue of 1%. The results show that the transverse distribu-
tion uniformity is less favourable than is usual for conven-
tional spraying technologies but significantly better than
aerial (rotary and fixed-wing application technology).

Penetration was tested at three altitude levels in different
crops (Figure 5), at a dose of 20 dm?3/ha, 2 m flight height
and 4 m/s flight speed. In summary, a satisfactory quality
of treatment can be achieved (at least 20 specific droplet
numbers per cm?) both in the upper and middle levels of
the sunflower and corn stocks.

Two countries in Europe have authorised the use of
drones for plant protection. In Germany, the use of UASS
is allowed in terraced vineyards. According to the an-
nouncement of the Julius Kiihn-Institut, the operation of
6 types is currently permitted. Applications of pesticides
authorised by the Federal Office of Consumer Protection
and Food Safety (BVL) can usually be applied with a wa-
ter consumption of 75 or 150 dm?ha (Bundesamt fir
Verbaucherschust und Lebensmittelsicherheit: Liste der
Pflanzenschutzmittel, die fir die Anwendung mit unbe-
mannten Luftfahrzeugen (Drohnen) genehm-

m HELIANTHUS ANNUS W ZEA MAYS

n B
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et (] ~
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igt sind, Stand: Marz 2023).

In Switzerland, all plant protection work car-
ried out by UASS requires authorisation by
the Federal Civil Aviation Office (OFAC). This
authorisation can only be granted to equip-
ment that has met the requirements specified
in the type approval procedure carried out by
the Swiss Agricultural Research Agroscope and
the Federal Environmental Protection Office
(OFEV). Moreover, for visual inspection and
functional testing, the classification system de-
veloped by Anken, T. et al. also requires two
essential parameters: measuring the horizontal
uniformity of application on a test bench and
determining the potential drift.

According to the results of literature reviews

Figure 5: Specific droplet number at different height

and the experience of the Swiss and German
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models, we have developed a set of requirements and a
test method for the type approval procedure. In contrast
to the Swiss model, the transverse distribution uniformity
is not defined in a groove because it assumes floating,
which does not consider the travel speed’s effect on the
distribution pattern. Instead, we measured the coverage
on water-sensitive papers placed at a height of 80 cm.
Our requirements included work safety, health and envi-
ronmental aspects, droplet formation and spraying tech-
niques, and plant protection flight safety requirements,
detailed on the MATE website. In Hungary, 17 types are
currently authorised for plant protection activities.

CONCLUSIONS

Based on the results of the tests and the literature data, it
can be concluded that unmanned aerial spraying systems
with well-chosen settings can be used for spot treatments
in precision farming and in difficult-to-access inland wa-
ter areas. Application with a low air volume significantly
increases the risk of environmental pollution caused by
higher concentrations of pesticides. Further drift studies
are needed to assess and manage the risks, particularly
regarding human health and environmental impact. In
order to use the UASS technology, it is necessary to have
plant protection products approved for aerial application.
Similar to traditional technology, uniform, internationally
accepted standardized methods and requirements would
also be required for drones. The ISO 23117-1 standard
on environmental protection requirements is expected to
publish this year.
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ABSTRACT

UAVs are gaining popularity in remote sensing and en-
vironmental monitoring every year. The point of remote
sensing is to observe without disturbing the environment,
but this study reveals potential disturbances. In this study
two potential confounding UAV generated factors were
examined, and their potential impact on the accuracy on
related measurements. The first examined factor is the
propeller generated air motion caused waving on water
surface. The waves may result unwanted excess reflection
to sensors on measuring, and it may affect the accuracy
of the recorded data. The second factor is the altitude
limitation, the possibility of the sensor may sense differ
at high altitude according to the less resolution per water
surface. While the first potential factor is confirmed, as
the generated waves can cause deviation with maximum
4,2% value depending on maneuver height, the second
potential factor has been denied, there was no correla-
tion found on sensing still water surfaces from 10 meters
to 120 meters. However, there is detectable air motion
on 5 meters altitude and below, no air motion generated
waving impact was detected on 5 meters high, or above.

keywords: UAV, remote sensing, air motion, water
quality

INTRODUCTION

UAVs (unmanned aerial vehicles) or UASs (unmanned air-
craft systems) commonly known as drones are aircrafts
without crew, pilot or passengers on board. After left
military application behind these aircrafts gained mas-
sive popularity in several fields on professional level;
sport and hobby, art (photography and filming), and re-
mote sensing. As remote sensing it is has been widely

used in military defense (Orfanus et al., 2016), surveying
and mapping management (Joan-Cristian et al., 2019),
and disaster and emergency response and management
(Erdelj et al., 2017). Although satellite remote sensing
has high efficiency and wide range of data acquisition, it
will be affected by the atmosphere and appear some am-
biguous states, reducing the accuracy of remote sensing
(Osco et al, 2021). But great advantages to UAVs are low
cost, high efficiency and low threshold, this low-altitude
remote sensing technology has been widely used in the
acquisition of some small-range images (Hardin et al,
2011; Feng et al, 2015). Clearly, when a UAV is equipped
with basically any kind of sensors with remote sensing ca-
pabilities, it has the opportunity to gather information for
pointed targets, under remote human control. Also, the
UAV monitoring approach overcomes the shortcomings
of traditional satellite remote sensing recognition, such
as long distance and poor real-time performance (Iglhaut
etal.,, 2019, Singh et al., 2022). Many UAVs are prepared
for industrial applications, and their boarded cameras
are fit for those applications; like multi-or hyperspectral
sensors, but this study focuses on high quality consumer
cameras, and their imaging.

UAVs are often used as a monitoring device in precision
farming, or even in vegetation health status monitoring
(Bao et al, 2023), forest resource development, and crop
monitoring development (Pajares, 2015; Zhang et al,
2021). Ado et al. (2017) present a significant review on
hyperspectral imaging acquired by UAV-based sensors for
agriculture and forestry. Ishengoma et al. (2022) acceler-
ated the detection of corn plants infected by armyworm
by using UAV visible light images. Vegetation is the most
important element of the terrestrial ecosystem, and it
plays an important role in maintaining the balance of the
ecosystem, the protection of water, and the protection of
soil and water. The use of remote sensing technology to
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monitor vegetation related information is the main pur-
pose of remote sensing (Xu et al, 2023). The vegetation
remote sensing could monitor, leaf area index, vegetation
coverage, biomass. These data and photosynthetic effec-
tive radiation can effectively reflect the vegetation’s very
own dynamic (Lawley et al, 2016). Li et al. (2018) used
UAV images to estimate the coverage of corn crops in
farmland. Yuan et al. (2021) collected multispectral im-
ages of rice fields using UAVs and accurately estimated
rice yields. Zhang et al. (2019) employed a UAV equipped
with a hyperspectral image sensor to obtain an image
of winter wheat yellow rust and realized its effective de-
tection. However, in the practical application of UAVs at
home and abroad, taking into account the difficulty and
cost of sensor acquisition, generally only UAV images
including the visible light band are acquired and used.
Therefore, it is very necessary to use the vegetation index
in the visible light band to design a vegetation informa-
tion extraction suitable for UAV remote sensing images
(Moranduzzo, and Melgani, 2014; Xu et al, 2023).

But till the recent years, only a few studies are published
about the UAV remote sensing and natural water status
monitoring. Jinchen et al (2021) apllied UAV remote sens-
ing for bathmetry mapping for tufa lakes, according their
transparency. Kai et al (2021) improved the resolution of
UAV data of water quality of Lake Hachiroko. This study
focuses on the potential distracing factors during an UAV
based remote sensing on natural or artificial waters.

METHODS

To define all UAV generated contributing factors of dis-
tracting the focus was on color accuracy (of the recorded
images), and to test multiple C1 aircrafts to have overall
image of their performance of gained air motion.

To control color accuracy, previously a test was performed
to the boarded recording system of the main UAV in con-
trast of a color measuring device, named NIX COLOR PRO
(Canada) in 13 different scenarios. After those measuring
mathematical equation was set up on CieLAB color cod-
ing, after white balance (WB) correction of the recorded
images (no data shown here).

Then measuring were performed to the generated air
motion with the main UAV; via an installed an air mo-
tion sensor in an artificial pool, to learn the altitude limit,
when UAV generated air motion appears, and measure
its quantity. Three general maneuvers were operated:
hovering, ascending, and descending, because changing
the altitude of the UAV requires various performance of
the propellers, and their motion rotors. These measuring
were repeated with other two types of C1 UAVs, to gain
an overall data of hi-end consumer drones.

The main UAV included in the measurement was the DJI

Air S2 drone. This type has a range of up to 18.5 km and
a flight altitude of up to 5 km above sea level, but ac-
cording to local and EU law, these devices can climb up
to top 120 metres in order to avoid any risk to air traffic.
The minimum flight/hover altitude is 0.5 metres (meas-
ured by the lower range finder sensors), during which the
aircraft will automatically initiate a landing manoeuvre.
It can stay airborne for 25-30 minutes on a single bat-
tery, depending on the wind. The UAV has a top speed of
70km/h and the stabilisation system can maintain altitude
and heading up to a gust of 10.7 m/s.

The LiPo 3S battery has a power of 3500 mAh and a con-
sumption of 42.42 Wh. The aircraft weighs 595g (battery
included), 180mm x 253mm x 77mm when ready to fly.
The camera is mounted on a three-axis gimbal stabilizer,
tiltable between 90 and -24 degrees, with a vibration ex-
cursion of less than 0.01°. The 1” CMQOS sensor captures
20MP (5472x3648; for 3:2 aspect ratio) still images at
2.4um pixel size in jpeg or RAW (*.DNG) format, dur-
ing the measuring RAW format was used. The lens is 88°
(wide-angle, full-frame equivalent 22mm), with a fixed
aperture of f/2.8. It has a 10-bit colour depth of field, so
colours are accurate and dynamic separation is facile. In
burst mode, 2-3 *.DNG images per second is captured.
The first of the other aircrafts used as a control meas-
uring is the DJI Mini 2 unmanned aerial vehicle. It has
a total weight of 249qg, can accelerate to 58 km/h and
has a maximum altitude of 4,000 metres. It has a maxi-
mum climb rate of 5m/s and a maximum descent rate
of 3.5m/s. Airborne endurance 27-31 minutes. | did not
take any pictures with this aircraft.

The second was the DJI Mavick Pro. This type of aircraft
weighs 734g, can accelerate up to 65km/h, and can climb
up to a maximum altitude of 5000m. Its time in the air is
21-24 minutes. Maximum climb speed 5m/s, maximum
descent speed 3m/s. | did not take any pictures with this
type of aircraft.

It is important to note, that all repeated measurings were
applied by pre-programmed flying, so no difference could
occur on altitude and location.

Adobe Photoshop (PS) was used for image processing, or
Adobe Lightroom (LR) in case of multiple repetitive im-
ages.

After importing the images, processing the images took
place by the following; white balance (WB) adjustment
and correction of exposure values of the images based on
the shooting histogram was applied here.

The images were then exported, keeping the original un-
compressed format of the images: *.DNG or *.Tiff.
Depending on the test, the previously exported images
were re-imported in PS, not per separate file, but per
layer, so that averaging could be performed much easier,
using a PS-Script, averaging could be applied to all image
layers in the file.
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Figure 1: 3D modell of the breeding pond No.4. near by Isaszeg.

Figure 2: The breeding pond No.4. near by Isaszeg, and its environment

When averaging, polygons were used to cover the target
area, zooming in on the images for the most accurate
selection possible. Pixel-based averaging was applied to
the polygonally selected area; this script analyses all pixels
in the selected area, averages them by channel (R, G, B)
and displays the resulting colour.

Microsoft Excel was used to record the measurement re-
sults.

The most significantly used functions were averaging
“"=AVG()", moving average, expanding average, standard
deviation "=SWARCH()"” and correlation search “=COR-
REL()".

For RGB visualization and analysis, most often bar charts
or dot plots were applied, the CieLAB visualizations were
presented in dot plot coordinate system.

Also in Excel trendline fitting was performed, after select-
ing linear trendline, also wrote out the formula of the
trendline and the value of the R2.

Rounding was also applied in Excel, because in RGB cod-
ing natural numbers can appear (0-255), in CIELAB cod-
ing the L value (0-100) and the A-B values (-128-+128)
can take a fraction up to two decimal places. These val-
ues are dimensionless values and have no unit of meas-
urement.

The measuring campaign was performed on two loca-
tions. The air motion measurements were performed at
the Environmental Technology laboratories of MATE (Mag-
yar Agrar- és Elettudomanyi Egyetem — Hungarian Uni-
versity of Agriculture and Lifscience) in Godollé (Hungary,
EU). That applied artificial pool has dimensions 140 cm x
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75 cm, with a 1,05m? water surface. The bottom-ceiling
distance is 50 cm, but the technological water height is
35cm, so the technological capacity is 0,3675 m?.

The second location is the breeding pond No.4. near by
Isaszeg (Hungary, EU), operated by Aranyponty Ltd. The
lake dimensions are 50 m x 15 m, east-west oriented,
with average depth of 120 cm, and 900m?* of operative
water volume. The volumetric flow is 15m3/h, therefore
the total water refreshment takes circa three days. On
the Figure 1, the 3D model of the lake is demonstrated,
and on the Figure 2 the lake and its environment is dem-
onstrated.

Table 1: Generated airmotion velocity averages

RESULTS

In this study two potential confounding factors were ex-
amined. The first factor was the generated waves on wa-
ter surface by the airmotion generated by propellers. The
waves can cause unwanted excess reflection to sensors
during recording, and it can distrace the recorded data.
The second factor is the altitude limits, the possibility of
the sensor may sense differ at high altitude according to
the less resolution per water surface.

The first potentional confounding factor were measured
by all three types of UAV-s, over a wind-velocity meter

Altitude (m) Hover minimum Hover maxi- ASC minimum  ASC maximum  DESC minimum DESC maximum
(m/s) mum (m/s) (m/s) (m/s) (m/s) (m/s)
0,5 2,4 12,3 4,2 15,2 1,3 3,7
1 1,8 8,7 2,8 10,4 1,1 3,2
2 1,5 3,2 2,2 4 0,6 1,1
3 1,4 2,6 1,9 3,1 0,3 0,8
4 0,3 1,6 1,5 2,6 0 0,3
5 0 1,3 0,4 1,7 0 0
6 0 0,3 0 0,5 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0
10 0 0 0 0 0

Figure 3: Nadir image by the DJI AIR S2 UAV from the altitude of 2 metres,

a wind speed sensor placed in the pool.

&

—

16

Hungarian Agricultural Research 2023/1



Table 2: Averaged color measuring on three different locations

Table 3: Measured varying on color channels on specified
altitudes in percentages

Altitudle(m)- R G B R (] B Altitude (m) - 1.st R G
1.st measuring (fixed) (fixed) (fixed) measuring
0,5 66 74 65 64 71 63 0,5 3,1250%  4,2254%  3,1746%
1 66 73 65 1 3,1250% 2,8169% 3,1746%
2 66 73 64 2 3,1250%  2,8169% 1,5873%
3 65 72 64 3 1,5625%  1,4085% 1,5873%
4 64 71 64 4 0,0000%  0,0000% 1,5873%
5 64 71 63 5 0,0000%  0,0000% 0,0000%
6 64 71 63 6 0,0000%  0,0000%  0,0000%
Altitude (m) — Altitude (m) — 2.nd
2.nd measuring measuring
0,5 129 110 101 125 106 99 0,5 3,2000%  3,7736%  2,0202%
1 128 110 101 1 2,4000%  3,7736% 2,0202%
2 128 109 101 2 2,4000%  2,8302% 2,0202%
3 126 107 100 3 0,8000%  0,9434% 1,0101%
4 124 106 99 4 -0,8000%  0,0000%  0,0000%
5 125 106 99 5 0,0000%  0,0000%  0,0000%
6 125 106 99 6 0,0000%  0,0000%  0,0000%
Altitude (m) — R G B Altitude (m) - 3.rd
3.rd measuring measuring
0,5 114 93 52 110 90 50 0,5 3,6364%  3,3333% 4,0000%
1 114 93 52 1 3,6364%  3,3333%  4,0000%
2 13 92 51 2 2,7273%  2,2222%  2,0000%
3 112 92 51 3 1,8182%  2,2222%  2,0000%
4 111 90 50 4 0,9091%  0,0000%  0,0000%
5 110 90 50 5 0,0000%  0,0000%  0,0000%
6 110 90 50 6 0,0000%  0,0000%  0,0000%

installed in an artificial pool, and the airmotion velocity
was recorded here. In the Table 1 all the averaged results
are demonstrated on the three main manuveurs: hover,
descending, ascending.

As Table 1 demonstrates, there is still detectable motion
on 6m altitude, but over 6 meters, there is detectable
air motion. On the Figure 3 a camera recording demon-
strates the measuring on two meters of altitude.

Next, the study went to understand the variance on the
sensed water surface, caused by air motion. Obviously,
there were no measurments were performed above 6
meters, while in the absence of air motion, we assumed
that no waves are geerated.

The main drone (DJI AIR S2) was used for this measur-
ing. First it was a fixed propeller-less, 2 meters altitude
image recording, as a reference: no generated waves, it
indicates the calm, still water status. Then with prepro-
grammed flying, measurings for applied from 0,5m-6m.
Three different locations were used for the recording. Ta-
ble 2 demonstrates the averaged measurings.

According to Table 2 there are detectable differences on
the recorded color data in contrast of the reference data.

Table 4: The averaged altitude deviations in percentage.

Altitude (m) R G B

0,5 3,3205% 3,7774% 3,0649%
1 3,0538% 3,3079% 3,0649%
2 2,7508% 2,6231% 1,8692%
3 1,3936% 1,5247% 1,5325%
4 0,0364% 0,0000% 0,5291%
5 0,0000% 0,0000% 0,0000%
6 0,0000% 0,0000% 0,0000%

In Table 3 the differences are demonstrated in percent-
age.

According to Table 2 and Table 3 no difference could be
detected in contrast of the reference measuring on and
above 5 meters altitude, despite according to Table 1
there are still detectable air motion on 5 meters altitude.
Those deviations were averaged, and Table 4 demon-
strates the compensation percentage on the measured
altitudes, while Table 5 demonstrates the linear function
equations and their R? values.
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Table 5: Linear correlation per color channel and altitude, and their R? value

RY G=Y B=Y R_R? G_R? B_R?
0,5 y=10,9658x + 0,1856  y=0,9728x-0,8186 y=x-2 R2 =0,9999 R2=0,9997 R2=1
1 y=0,9773x-0,6696  y=0,9461x + 1,9621 y=x-2 R? =0,9995 R2=1 R2=1
2 y=0,9826x-0,8899 y=0,9728x+0,1542 y=0,9785x + 0,2179 R2=1 R2=0,9997 R2=1
3 y =0,9946x - 0,7893 y=0,9973x-1,0892 y=x-1 R2=0,9997 R2 =0,9989 R2=1
4 y = 1,0065x - 0,6502 y=X y =1,0055x - 0,7234 R2=0,9991 R2=1 R2=0,9995
5 y=X y=X y=X R2=1 R2=1 R2=1
6 y=X y=X y=X R2=1 R2=1 R2=1

Table 6: Averaged recorded data on A-B channels, and scattering

Altitude (m) A B

10 -0,23 1,77
20 -0,17 0,62
30 -0,33 1,24
40 -0,49 1,86
50 -0,33 1,23
60 -0,94 1,7
70 -0,94 1,7
80 -0,33 1,24
90 -0,94 1,7
100 -0,33 1,24
110 -0,78 1,08
120 -0,17 0,62
Scattering 0,1% 0,2%

1st recording, AB data

AVG , 40
50, 0
- %
ot 90
o 2= 100
P 110
o 120
5 Q 5

-5

Figure 4: The first recorded data, altitudes and average

The second potential distracing factor was the opposite
of the first factor; can the high altitude alter the sensing
of the UAV’s installed sensor or camera. These measur-
ments were performed on 10-120 meter altitude with 10
meters step. In this measuring CieLAB coding was applied
to fit the visualization into a coordinate system instead
of bar charts. According to EXIF infos and histogram in-
fos, lightness data were matched, so the only alternation
should shown on the A-B channel. Only the main drone
was used, six repetition happened on the same location.

Figure 5: UAV recording from altitude 10meters to 120 meters.

Table 6 demonstrates the measured averaged data, and
the scattering on both channels (AB).

As Table 6 demonstrates there is no significant varying on
the altitudes, and those varyings are based on the inaccu-
racy of the manual polygon setting. On Figure 4, the first
recordings are demonstrated. The figure was modified
for better visuality, while AB scaling takes place between
-128; 128. According to the Figure 4, the alteration is
random, no mathematical equasion can describe it. On
the Figure 5 we demonstrate the altitude varyings from
10m to 120 metres. this measuring.

CONCLUSIONS

According to the measuring campaign, it can be stated,
that UAV's propellers makes impact on the water surface
under 5 meters, and those waves generated by air mo-
tion generates more reflection, that can distort the water
condition assessment. However there is detectable air
motion on 5 meters altitude, no impact was detected,
and no impact was detected above. It can be also stated,
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that there is no significant difference on sensing still wa-
ter surfaces from 10 meters to 120 meters, therefore only
one UAV flight is capable to monitor and record huge
amount of territories at once.
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ABSTRACT

Remote sensing is known as the most time- and cost-
effective way of data collection. It plays decisive role in
development of information based precision farming and
environment protection. UAV or drone application is the
latest technological implementation which integrates the
capability of remote sensing and sight specific agricultur-
al practice. Drone technology has high potential in many
agricultural applications to save time and costs, to protect
the environment and improve safety and ergonomics of
sampling procedures, spraying and spreading.

keywords: UAV, drone, remote sensing, spraying
and spreading

INTRODUCTION

When talking about ‘light” we usually associate it with
‘visible light'. The phenomenon is understandable since
looking back for a long time in history humanity only
knew the range of light perceived by naked eye. The
eye, the organ of vision developed during evolution to
detect light, it performs remote sensing in the visible
(380-750 [nm]) range of electromagnetic radiation. The
visible range itself enables many analysis and classifica-
tion procedures (LAgymanyosi and Szabo, 2011; Felfoldi
et al., 2013). However, multi- and hyperspectral remote
sensing devices make it possible to extend the visible
range, thus displaying phenomena or information that
are not visible to the human eye. Technology has created
new horizons in the study of the environment (Kristof,
2005). Remote sensing can be used successfully if sup-
plemented with proper data processing methods (Loki,
1996). Remote sensing is the science of recording and
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data processing, as well as the communication of data
(Sabins, 1996).

REMOTE SENSING

The finding that forms the basics of the method is attrib-
uted to a Russian mineralogist and meteorite researcher
(Krinov, 1947). Remote sensing is considered as a scien-
tific activity in which the electromagnetic radiation re-
flected from the examined object or geographical area
is measured from various distances using sophisticated
sensors. The measured signal is converted into valuable
information using various mathematical and statistical
procedures. In the fast-paced world of modern civiliza-
tion, remote sensing has become an essential tool for ex-
amining the balance and functioning of various natural
and artificial systems. It is an ability to read information
based on different photophysical properties (Jung, 2005).

The basic condition of remote sensing is an energy source
that illuminates the examined object or emitted from the
object. Regardless of whether the energy source is natu-
ral (sunlight) or artificial (laboratory lighting) or emitted
by the object itself we are talking about electromagnetic
radiation. Talking about a point source of light - due to
the Earth-Sun distance, the Sun is also a point source of
light - the intensity of illumination is directly proportional
to the power of the light source and inversely propor-
tional to the square of the distance from the light source
and it also depends on the angle of incidence.

Looking at the history and development of mankind, it
can be established that the growth of the population and
the technological achievements results in various rapidly
emerging anthropogenic effects. By and large, until the
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end of the Stone Age - 10,000 years ago - the influence
of civilization was minimal, in line with the ecosystem.
Humanity is now drastically interfering with the Earth’s
ecological system, making rapid large-scale changes in
its environment. These processes can no longer be fol-
lowed by traditional field sampling. Remote sensing ena-
bles sampling of large areas, characteristics of surface
processes, even time-series sampling and cost-effective
data collection (Kardevan, 2009). It provides a number
of methods and procedures for analysing various global
and local processes. The huge amount of data is essential
for studying global or local systems. Applications cover
numerous agricultural, forestry, mining, urban and land-
scape planning, environmental protection, ecological,
geological and hydrological applications, and is of par-
ticular importance in meteorological and climate change
studies, as well as in military use. Remote sensing is based
on the study of the interaction of material and light.
During remote sensing, we can analyse a specific surface
area, object, or event by collecting information without
physical contact, within the original environment by avoid-
ing any destruction or interventions (Lillesand et. al., 2004).
In the beginning of 2000’s the equipment used for meas-
urements is divided into three categories according to their
location. We distinguish systems used on the ground, in
space and at different heights in the atmosphere. Sensor
operating heights were defined are followings: Ground
level (1-8 [m]), hang glider (100-300 [m]), low height air-
craft (300 [m] — 3 [km]), high height airplane (3-10 [km]),
satellite (600-35786 [km]). The following figure shows an
illustration of remote sensing applications as of the year
of 2000 (Figure 1) (Yamazaki, 2000).
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science community (Busznyak, 2022a). Regulations across
the globe still limit the broader use of UAVs (Busznyak,
2022b). Their use is precision agriculture, ecology, atmos-
pheric research, disaster response bio-security, ecologi-
cal and reef monitoring, forestry, fire monitoring, quick
response measurements for emergency disaster, Earth
science research, volcanic gas sampling, monitoring of
gas pipelines, mining plumes, humanitarian observations
and biological/chemosensing tasks, continues to increase
(Figure 2) (Tsourdos, 2017).
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Figure 1: Remote sensing applications (Yamazaki, 2000)

The role of Unmanned Aerial Vehicles

Together with the miniaturization of instrumentation and
data systems the rapid development of UAVs as a remote
sensing platform has resulted in an increasing uptake of
this technology in the environmental and remote sensing

Figure 2: A new horizon of remote sensing platforms (Tsourdos, 2017)

Unmanned Aerial Vehicle — UAV popularly known as
drone is an airborne system or an aircraft operated re-
motely by a human operator or autonomously by an on-
board computer. There are two broad classes of UAVs
— Fixed wing and Rotary based. When a UAV is equipped
with sensors with remote sensing capabilities, it has the
flexibility to gather information of various targets. Sen-
sors for drones are increasingly being used for survey-
ing, mapping, and inspections in several industries such
as mining, construction, agriculture, environmental man-
agement, and waste management (NESAC, 2023). Fixed
wing drones fly significantly longer, map larger areas,
spend less time on-site, reduce labour costs, increase
project capacity, simplify flight planning and operations
and provide more flexibility with modular payloads. The
major advantage of rotary-wing UAVs over fixed-wing
UAVs is vertical take-off and landing. Rotary-wing UAVs
are able to hover and change direction quickly. Lower
speed, shorter range, and higher power consumption are
considered as disadvantages.

Hyperspectral remote sensing has been an important
technical means to obtain detailed information for the
guantitative analysis of environmental processes. Hyper-
sepctral images have long been bound to complex flight
campaigns performed by conventional airframes or to
relatively lower resolution and the limited repeat cover-
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age of multispectral satellites. Through the introduction
of UAVs the collection of hyperspectral information be-
comes available for a wider community (Boxiong et al.,
2022). Finally, various UAV-based applications were in-
troduced into the agricultural practice. Hyperspectral
remote sensing and analysis of agricultural areas are
considered as the most developed technique in data col-
lection to support the information-driven agricultural
practice. UAV hyperspectral imagery has advantages over
colour photography and multispectral remote sensing,
with higher level of spectral details which gives more sen-
sitivity to physical-chemical properties.

Snapshot hyperspectral imaging is a method to capture
hyperspectral images during a very short integration time
of a detector array. No scanning is involved and detec-
tors consist of high number of pixels. Snapshot devices
in general offer larger light collection capacity. Another
great advantage of snapshot systems is the simplicity of
imaging. Since the entire data frame is received in one
reading, there is no need to combine the recordings to
generate the data frame. In addition, the snapshot cam-
eras are able to create the recording in a short time,
which is why they can create images with a better signal-
to-noise ratio. Applications have proved the potential of
the technique in soil spectroscopy (Jung et al., 2015) and
vegetation sciences (Jung et al., 2019).

The most developed snapshot imaging hyperspectral
camera to date is probably the ULTRIS X20 (Figure 3)
which is a 20 Megapixel spectral video camera, is sensi-
tive in the UV, visible and near infrared range. With a
wavelength range of 350-1000 nm, the ULTRIS X20 is the
first UV-VIS-NIR hyperspectral video camera. Snapshot
imaging spectrometer that produces 3D data cubes in
real-time. This technology provides hyperspectral images
with a spatial pixel resolution of 410x410, resulting in
168,000 pixels per frame and 164 spectral bands. Weigh-
ing less than 350g, the camera is perfect for applications
on small UAVs (Cubert, 2023).

Figure 3: Ultrix 20 (Cubert, 2023)

Spraying and granular spreading

There has been a great progress in vegetation mapping
with various technologies (RGB, CIR, multi- and hyper-
spectral and thermal images). The imaging technology
is available to map agricultural fields. UAV platforms
can support a fast and accurate field survey (Figure 4)
to identify various plant stresses originating of pests, dis-
eases, drought or nutrient deficit. Emerging weeds spots
can also be detected. The heterogeneity of soil can be
mapped. Following the survey UAV has gathered the rel-
evant information to define a treatment strategy of a par-
ticular field sprayer or spreader drones (WohnderDrone,
2023; DJI, 2023) can perform pest and weed control,
seeding and fertilizer broadcasting missions (Figure 5,
Figure 6).

Figure 4: DJI Matrice 300 RTK (DJI, 2023)

Figure 5: WohnderJet Agro H20 (WohnderDrone, 2023)

Figure 6: AGRAS T40 (DJI, 2023)
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The Matrice 300 RTK is a latest commer-
cial drone platform with high reliability.
It offers up to 55 minutes of flight time
and advanced positioning. It has multiple
payload configurations providing simulta-
neously up to 3 payload mountings with
a maximum capacity of 2.7 kg (DJI, 2023).

The Wohnderlet Agro H20 agricultural
spraying system has been optimized for
the Drone Volt Hercules 20 heavy-duty in-
dustrial drone with precise flight capabili-
ties, with which it is possible to perform 6
hectares per hour spraying with an 8 litre
per hectare dose (WohnderDrone, 2023).
The AGRAS T40 is enabling it to carry a
spray load of 40 kg and a spread load of
50 kg (volume - 70 I). It supports multi-
ple missions from surveying, mapping, to
spraying and spreading, depending on the
configuration used. It promises a 21.3 hec-
tare per hour field spraying and 1.5 tonnes
of fertilizer spreading capacity per hour (DJI, 2023).

Airborne plant protection (and nutrient supply) has a sig-
nificant tradition in Hungary and other countries. Expe-
rience has been gathered over millions and millions of
hectares over decades. Conventional airborne agriculture
operation has been labelled as obsolete technique facing
challenges to meet the latest demands on accuracy and
precision. A rather promising recent development has
proved that retrofitting of existing airframes with preci-
sion technologies can make a great difference. As a result
of the development high-speed aerial applications could
successfully transfer elements of precision farming to the
air (Axial Ltd. and Forgoszarny Ltd., 2022). The Mi-2 (Fig-
ure 7) helicopter together with the unique developments
made Forgdszarny Ltd. provides a capacity to spread 9-11
tons of granules per hour which is one magnitude higher
than existing UAVs are capable of. The helicopter frame
offers enough space to potentially operate a remote
sensing system which could perform an on-flight analysis
of the field to support a variable spraying/spreading dose
rate. Such a solution would create a new horizon to per-
form mapping and spraying/spreading in one overflight.

CONCLUSIONS

Remote sensing is known as the most time- and cost-
effective way of data collection. It has decisive role in de-
velopment of information based precision farming. Preci-
sion farming can be considered as a useful instrument to
mitigate global challenges. UAVs or so-called drones have
been rapidly developing in the last decade integrating the
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Figure 7: Precision airborne plant protection with an Mi-2 helicopter (Axial Ltd. and
Forgészarny Ltd., 2022)

capability of remote sensing and sight specific agricul-
tural practice. Today these techniques are more afford-
able and easy-to-use tools to improve the sustainability
of plant production. Various sensors like RGB, multi- and
hyperspectral cameras, thermal or LIDAR technology can
improve data collection and so the information-driven
agricultural practice to increase yield and quality while
minimizing environmental pollution, saving time and
costs and improve safety and ergonomics of sampling
procedures. The technical development of UAVs aims
to increase payloads, flight time and to further improve
spraying and spreading capacity. The continuous devel-
opment of sensors and drones has greatly increased the
amount of information which means more sophisticated
data analysis methods are needed. There are visions of
a future agricultural sector where UAVs have completely
replaced field sprayers and conventional airframes, how-
ever, authors are proposing to take a complementary ap-
proach where available means of techniques are selected
based on the local conditions and needs. UAVs have
made available a wide range of remote sensing applica-
tions and should be considered as complementary tools
to play their important role as a part of a complex system
of tools in agricultural practice.

ACKNOWLEDGEMENT

The article was created with the support of the Thematic
Excellence Program 2020 project TKP2020-NKA-16 and
the long time development project of Research Institute
of Agricultural Engineering p.r.i.

Hungarian Agricultural Research 2023/1

23



REFERENCES

1. Axial Kft., Forgoszarny Kft. (2022): Egyedulallo fejlesz-
téseket jelentett be az AXIAL Kft. 2022. junius 3., /
AXIAL Kft., Sajtokdzlemény: https:/Avww.agroinform.
hu/gepeszet/egyedulallo-fejleszteseket-jelentett-be-
az-axial-kft-56829-001

2. Boxiong Y., Shunmin W., Shelei L., Bo Z., Fujun Z.,
Faizan A., Hui H. (2022):Research and application of
UAV-based hyperspectral remote sensing for smart
city construction. Cognitive Robotics Volume 2, 2022,
Pages 255-266: https://www.sciencedirect.com/sci-
ence/article/pii/S2667241322000234

3. Busznydk J. (2022a): Multispektralis tavérzékelési ada-
tok gydjtése, feldolgozasa. Mez6gazdasagi Technika,
2022. aprilis, pp. 2-5

4. Busznydk J. (2022a): Piléta nélkali légijarma-
mUveletek szabdlyozdsa. Mezdgazdasagi Technika,
2022. februar, pp. 18-20

5. Cubert (2022): https://www.cubert-hyperspectral.
com/
6. DJI (2023): https://www.dji.com/hu/matrice-300

N

DJI (2023): https://www.dji.com/hu/t40

8. Felfoldi J., Baranyai L., Firtha F., Friedrich L., Balla C.
(2013): Image processing based method for charac-
terization of the fat/meat ratio and fat distribution of
pork and beef samples. Progress in Agricultural Engi-
neering Sciences Volume 9, Issue 1, 1 December pp.
27-53.

9. Gili P, Civera M., Roy R., Surace C. (2021): An Un-
manned Lighter-Than-Air Platform for Large Scale
Land Monitoring. Remote Sens. 2021, 13(13), 2523,
https://doi.org/10.3390/rs13132523

10.Kardevan P, Jung A., Dedkvari J., Szalay D. K., Tolner
l. T., Kovéacs L., Fenyvesi L. (2009):

11.A hiperspektralis tavérzékelési technologia saja-
tossdgai, és mindségbiztositott alkalmazasanak
hazai lehet&ségei. ESRI Magyarorszag Felhasznaloi
Konferencia 2009. 1-11. p., utolsd elérés idépon-
tja:  2012.12.03. Forrads: http://www.academia.
edu/3813760/Kardevan_etal _ESRI_conf_2009_ok7

12.Jung A. (2005): Spektralis informéaciok alkalmazasa a
varosklima-kutatasban. Doktori értekezés 9., 124. p.

13.Jung A., Vohland M., Magyar M., Kovacs L., Jung

T., Péterfalvi N., Keller B., Sillinger F., Rak R., Szalay

K. (2019): Snapshot Hyperspectral Imaging for Field
Data Acquisition in Agriculture (in Raspberry Planta-
tion) Deutschen gesellschaft fur photogrammetrie
und fernerkundung: 1 pp. 1-7., 7 p.

14.Jung, A., Vohland, M. and Thiele-Bruhn, S. (2015):
Use of a Portable Camera for Proximal Soil Sensing
with Hyperspectral Image Data. Remote Sensing, 7(9):
11434-11448 (2015).

15.Krinov E. L. (1947): Spectral reflectance properties of
natural farmations. Laboratoriia aerometodov, Akad.
Nauk SSSR. Moscow 1947. p. 271. In: National Re-
search of Canada Technical Translation TT-439 Utolso
elérés idépontja: 2010.08.04. Forras: http://nparc.
cisti-icist.nrc-cnrc.gc.ca/npsi/ctrl?action=dsere&index
=au&req="Krinov,+E.+L."”

16.Krist6f D. (2005); Tavérzékelési modszerek a
kérnyezetgazdalkodasban. Doktori értekezés 9. p.,
32-33. p.

17.Lagymanyosi A., Szab6 I. (2011): Piled up wood chips
investigation with 3D imaging. Mechanical Engineer-
ing Letters: Research and development 6: pp. 208-
214,

18.Lillesand T. M., Kiefer R. M., Chipman J. W. (2004):
Remote sensing and image interpretation. 1.p. New
York: Wiley, p. 763.

79.L6ki J. (1996): Tavérzékelés. Kossuth Egyetemi Kiadé.
Debrecen 113. o.

20.North Eastern Space Applications Centre (2023):
UAV Applications. https:/nesac.gov.in/scientific-pro-
grammes/remote-sensing-and-gis/uav-applications

21.Sabins F, F. (1996): Remote sensing. Principles and in-
terpretation. W. H. Freeman and Co. Los Angeles, p.
494,

22.Tsourdos A. (2017): Special Issue ,, UAV or Drones for
Remote Sensing Applications”. A special issue of Sen-
sors (ISSN 1424-8220). https://Awww.mdpi.com/jour-
nal/sensors/special_issues/lUAV_drones_remote_sens-
ing

23.WohnderDrone Kft. (2023): https://www.wohnder-
drone.hu/wohnderjet-agro-h20/

24.Yamazaki F. (2000): Applications of remote sensing
and GIS for damage assessment. https://Awvww.re-
searchgate.net/figure/Platforms-and-sensors-of-satel-
lite-and-airborne-remote-sensing

24

Hungarian Agricultural Research 2023/1



2. GRASSLANDHU

A GYEPEK TITKAI IV.

www.grasslandlifeip.hu/fotopalyazat

bekuldheto:
2023.09.08.







