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Abstract—In recent years, drones have made their way onto
farms, but the challenge is still to make them an efficient work
tool. These drones offer different applications, such as crop
monitoring, pest identification, or optimized fertilizer use.

This paper introduces the formation of the drone concept,
where the farmer collects data for his own use, but at the same
time, it creates the possibility of sharing and license data for
the use of others. This enables the multiuse of data, in which
case it creates a new business opportunity for the farmer and,
on the other hand, also a new source of data for researchers or
other data users to perform data analyses. The other parts of
the concept enable for example data sharing and visualization
of authorized data, or sharing to closed community. Finally,
the next steps of the concept have been discussed, for example
automatic drone stations, better discoverability of data, and
data reuse. The drone ecosystem in agriculture is not just
about technology. It’s a blend of technologies, data analysis,
and sustainable farming practices.
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I. INTRODUCTION
A. Context for the Research

Agriculture is rapidly developing in a more technolog-
ical direction. Smart agriculture has been discussed for
decades, but only now are we moving to the stage where
digital devices are used more widely in the implementation
of digitalization. Smart agriculture has been identified
as an important theme, which should be systematically
developed further. For example, in Finland, a road map of
smart agriculture has been produced, an updated version
of which has been published at the beginning of 2024 [1].

According Wolfert [2], the future of smart farming
may lead two extreme scenarious, closed, proprieatry sys-
tems or open, collaborative systems. This second offers
stakeholders flexibility to choose business partners and
also technological things and change the roles and power
relations different positions than before. The development
of data spaces and EU regulations offer an opportunity to
protect those in a weaker negotiating position. In part, this
drone case is also implementing this fair development of
the data economy.

Drones are also seen as part of this smart farming
development, but their input-benefit ratio is not yet in
place. It is time-consuming, the amounts of data are huge,
and the users need expertise in using drones, software,
analyzing data, and implementing results to agricultural
cultivation operations. As an external purchasing service,
it also does not work properly on the grain side because

the cost per hectare has to be low, because of weak profit
margins.

On the research side, more precise data is often needed
than what open data satellites offer. Drones offer a good
opportunity for that, but their use depends on the projects
and their priorities and workforce’s.

A clear potential need would be to reuse the data, so
that farmers could get a monetary value for their data or
exchange data to service. Correspondingly, the researchers
and developers could get data for the development of their
own analyses or statistics.

According to the Food and Agriculture Organization’s
(FAO) report, efforts should be made to reuse data in
agriculture. This requires, among other things, the devel-
opment of data sharing principles, high-quality data and
data licensing. [3]

In the future, drones can be used to investigate more
and more different things, which can be a partial solution
to the introduction of drones in agriculture [4] [5]. For
example, the identification of pests has come a long way,
thanks to the development of artificial intelligence. The
development of fertilization and spraying accelerates as
legislation develops and equipment prices decrease.

In Finland, there are not known any services to collide
data producers and data needers. The development of
agricultural data spaces will probably bring answers to this,
for example, Gaia-X [6]platform development and Data
Space Europe data transfer and licensing services [7].

B. Background

The background of this research is the LivingLabData
project, which develops collaboration networks of different
farms in Finland, contract patterns related to data, and
the development and testing of drone and IoT infrastruc-
ture. There are very different types of farm collabora-
tion networks: living labs, research farms, teaching farms,
and also research and rural advisor organizations’ own
cooperation patterns with farmers. The operating models
of these different networks will be clarified in order to
develop the collection and sharing of data according to
fair rules, i.e. by developing agreements in this regard. The
project is led by the Natural Resources institute and other
partners are the Finnish Geospatial Research Institute of
National Land Survey of Finland (NLS), ProAgria (rural
advisor organization), Tampere University and Savonia



(educational institution). [8]

C. Research Questions

The research question is as follows: How can the collect-
ing, sharing, and reuse of drone data be more automated
and easier? The goal was to find out how this operating
model would work as an ecosystem, where the legal
provisions related to the future data regulation would also
be clarified. The second thing was to find the motivations
and interest of the different operators collaborate in the
drone ecosystem. In addition, the rapid development of
technology requires the concept to adapt to new technolog-
ical solutions. That’s why it’s good to find out the concept
of the future as well.

D. Research Literature

IEEE standardizes the framework for drone applications.
With regard to data, it defines the results of the operation,
including data classification, data collection and process-
ing, data storage and analysis, and data reference format.
[9].

Among drone manufacturers, the clearest leader is DJI,
which is also highlighted in research use. From these
different manufacturers also comes different software for
flight planning, execution, and data processing. Doornbros
et al. have analyzed in particular the research of camera
use, which is the very most commonly used research area
with drones. According to them, the quality of research
should be improved in order to better evaluate the use of
drones in different industries. [10]

Tsourous et al. have looked in particular at the precision
software offering, which they reviewed in their paper up
to 100. Drones were expected to play a much larger
role in agriculture, and one major reason has been that
there has not been a standardized workflow and there
has been a challenge in the selection and implementation
of technologies. [11] Standards will help define data and
software compatibility. On the other hand, there is still
a clear need for research on data licensing, implement
standards and the promotion of data reuse.

The fully automated drone station significantly changes
the usability of drones, making the flights more effective,
for example if the flying area is the same and repeated
several times in the growing season. Recharge process
is automated and so are fligts to. According of Grjl et
al., the weaker development of batteries has increased the
need to develop drone stations. Development of logarithms
have improved their reliability for example in landing. [12]
Implementation can be prevented by legislative reasons,
which for example prevent flying without drone pilot in
Finland. Special permits are required for such activities.

According to Zhang and Zhu, there is a lack of focus on
multi-source data fusion in drone remote sensing research.
They suggested that fusing data from different sources like
LiDAR and RGB could be important for future develop-
ment. [13]
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Fig. 1. Drone concept, step A

E. Paper’s Structure

The structure of the paper is as follows. First, the Drone
concept parts are described including the whole chain.
Next, the parts of the drone ecosystem are described. In
the result section has introduced results. In the last section,
future research and the realization of the next round have
been considered, where we plan to try an automatic drone
and data authorization more practical level.

II. DRONE CONCEPT

The method of the research has been to collect data every
week during growing season from the target educational
Mustiala farm, and to use the cloud services of the Finnish
computing and cloud service organization (CSC) [14], and
to start testing the possibilities of using new of kind data
space technologies including trusted data transmission and
permission techniques. In this case is researched possi-
bilities to use Tritom-service from Data Space Europe -
company [7]. The background research provides the basis
for the implementation of the data collection, but there
has not been a reference framework for the research,
which would have taken into account the implementation
of many actors and where data would have been managed
automatically from beginning to end. The open source
Opendronemap [15] software collections provides a very
broad basis for development work and extend features to
it.

A. Data Collection and Processing

On the left in Fig. 1, according this paper research
concept, there is a farmer, who is a producer of drone
data. The practical implementation was on an educational
farm, so in practice the farmer in this pilot was a student of
agriculture. The drone pilot took the required drone courses
in order to get permission to fly in Finland. In the pilot
case, she used a basic drone with multispectral camera
provided by NLS. The field block was purposely located
next to the educational farm so that the implementation
would be easy and the later phase pilots could also be
implemented more easily when electricity and internet
connection were available. Data were collected weekly
throughout the harvest season. The huge amount of raw
data was transferred to CSC’s cloud service, which had
the NLS’s own server.

On the server, the raw data has been processed with
the Opendronemap [15] application, which allows separate
images to be combined into one image a field. RGB and
NDVI images were created from the data. RGB is a normal
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Fig. 2. Drone concept, step B

image, and NDVI describes the vegetation index, i.e. the
amount of leafy green. Due to the large amount of raw data,
in the pilot, there was a question about whether it makes
sense to keep the raw data and whether there would be a
certain period of time after which it would be automatically
destroyed. In practice, there should be no reason to keep
the original data if the processed images are of high quality
and metadata information has also been produced.

The CSC service allows share files in different ways. In
this case, the generation of unique keys for the files was
to to control access to the files.

The preliminary plan was to connect the Tritom data
transmission service to the data chain as well. However,
this would have required the installation of the function
also in the CSC service, which was not yet implemented
in this round. There were also challenge of handle larger
than 10 megabytes files with that. Tritom was tested as
such, and good experiences were already gained for the
next pilot round and there are ideas to control larger files.
That is why, Tritom or another similar trusted transfer and
authorization services will be kept in concept.

B. Data Visualization and Feedback

In the rest of the pilot in Fig. 2, data visualization was
tested in another service. The idea is that in the future
the farmer can also have his own data stores or the data
is somewhere else in the cloud service. In this case used
the prototype platform, peltodata.fi-service, [16] which has
been developed in different projects and its purpose is
specifically to test new technologies, new analyses or im-
plementation models. In this particular case, the drone data
was transferred to Peltodata andthe data was visualized for
the user from there. The idea of using Peltodata is based
writers experiences of that own service. In the next stages
of the concept, instead of Peltodata, there can be other
back and front end service combination.

A community data sharing service had also just been
developed for the service in question, which enabled the
user to share a view of the desired data with the desired
person. The person in question was then able to comment
on the data in question. This function is a step towards
anyone being able to play the role of an advisor who just
knows how to help interpret the data.

III. ECOSYSTEM
A. Data

At the center of the drone ecosystem is data. This means
that many things must be agreed on. There should be
sufficient demand for data from researchers, companies or
authorities. Of course, the farmer can only produce for his
own use without certainty about the reusers of the data.
Data quality should be verified and recorded as accurately
as possible. The user of the data then assesses its adequacy
for his use. At best, the data user would publish their own
analyses, or at least their individual data needs and their
more detailed information, so that the data producers could
produce them with sufficient accuracy. Each analysis may
need data with, for example, different resolutions, camera
technologies, time intervals, and positioning accuracy. This
kind of collaboration between data users and data produc-
ers would be a very necessary development target for the
development of the agricultural drone ecosystem.

The challenge with drone data is the large amount of
raw data. Before edge computing works effectively at the
edge of the field, services are needed where data can be
easily entered and reprocessed into sensible formats. Of
course, there are such services, but in the case of a broader
data economy, the transfer of data and authorization for
use by others must also be taken into account. In the
commercial versions, this data usually still seems to stop
at that application at the moment. The development of
standards and the data space architectures will hopefully
change the situation for the better.

B. Contract Model

A key part in the development of a sustainable operating
method for the drone data ecosystem was to also start
developing the contract model. This preliminary version of
the contract was made and took into account, in particular,
the fair data economy of agriculture, which had been
worked on for a couple of years in Finland on the IFDEA
project [17] with numerous different actors in twenty
different workshops. The contract included the roles of
different actors in this ecosystem. The challenge was to
determine a central agreement from a fairly large group
of actors. The agreement also included the soon to be
implemented EU regulations, such as the data act [18].

C. Motives and Interest of Concept

During the development of the concept, the motives and
interests of various operators came to the fore to implement
the drone concept. These topics have been discussed at
various meetings, in agricultural machinery exhibition, and
in mutual discussions. Farmers requested more efficient
and easier use of drones. Perhaps the most common wishes
were that the drone could be used to identify harmful plants
in order to make their collection and removal easier. The
reuse of data aroused interest when the possibility arose to
also receive compensation for data either in money or as
a service.
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Fig. 3. Drone concept, future work

From the direction of the researchers, hopes arose to get
time series data and data taken with special cameras. The
evaluation of carbon footprint measurement was something
that emerged in the hopes of several researchers. In general,
drone data alone were not sufficient for the development of
analyses, but other data sets would also have been needed.

NLS was developing this concept, which handled the
pre-processing of the data. The development of drones is
part of the goals of this organization, so more and more
automated data collection is the goal, so research work is
increasingly focused on data analysis instead of field work.

In this test case, the farm was represented by the
educational farm. Their goal is to obtain concrete teaching
examples in the direction of the students. Such living
lab-type educational farms play an important role in the
transmission of information and the introduction of new
methods, and also as an enabler in terms of testing new
equipment. Regarding basics farms, there can easily be lim-
itations to contribute large pilots disturbing the operation
of the farm too much.

The data transmission operator was interested in getting
a new kind of use case from this, especially a case with a
challenging amount of data.

The Tampere university developed a front-end function
where data can be visualized for the farmer and possibly
also for other authorized parties. The university was the
main developer of the concept. The goal of this operator
was to get the data infrastructure working so that the data
producer and the data users could find each other and thus
speed up the development of analyses, while less time is
spent collecting data.

The developer of the concept was also company of 1001
Lakes which focused on fair data and EU regulations,
which designed a preliminary contract paper suitable for
the ecosystem, which took into account several parties
and future regulations and the rule book of the fair data
economy in agriculture.

IV. RESULTS

This work describes the iteration of the first round of
drone data ecosystem, based on which experience has been
gained in different areas related to the ecosystem and the
necessary new development targets for the next iteration
round.

The result of the work was a preliminary agreement of
the drone data ecosystem, which already took into account
the new EU regulations and the rules of a fair data economy
in agriculture. During the research, the development targets
for the next round were revealed.

During the research, it was found out the motivations of
various operators for the implementation of such a concept.

The results showed that it is possible to implement the
multi-actor drone concept. Opendronemap turned out to
be a very good further development tool that can be used
to develop automated data management and processing.
As a result of the work, there was a clear need for a
automatic drone station, which can facilitate the workflow
and solve the problem of battery consumption. These
results support previous studies, where the challenge has
been the construction of a data pipeline, the work time
required for the entire process and also consumption of
batteries.

The goal of next iterations is to develop a working
concept from this, where the farmer can produce data for
different operators and receive monetary or other compen-
sation for it. Researchers, on the other hand, could give
orders to farmers so that they could get the data they need
for their research.

V. FUTURE WORK

The next pilot round of implementation is planned to
include the following things, which is described in Fig. 3.
A significant development step is testing a fully automated
drone unit. The field was chosen based on its location,



where there is a nearby building with electricity and
Internet connection. These are needed for the automatic
drone unit. The drone flights would therefore no longer
be made by the farmer himself, but he would be more in
the role of a supervisor that everything works technically
and safely. Finland’s aviation law still prevents fully au-
tonomous drone base stations.

The Tritom data transfer service is being tested and
tried more on a practical level and we are trying to get
the data authorized through it. This may require installing
Tritom on the CSC service for the pattern to work. File
key management also needs to be solved in this context so
that it can be automated or managed in some other way.
Next round is needed also solve metadata transfers and
final files large size challenges. For example, would it be
good to create preview images for the CSC service, so that
it would be easier to visualize the data in the front-end
service without having to transfer large files first? Then
there would no need to create for example Geoserver-type
back-end service for sharing images to the web service.

As a project, Livinglabdata is not developing analyses,
but infrastructure and the formation of ecosystems and
the reuse of data. The other measurements in the field
have been planned with the needs of other organizations’
projects in mind, which have analyses developments on-
going. In this way, a basis is created for the practical
realization of data reuse across organizational boundaries.

A contract model was developed for the first round,
which took into account the roles of different actors and
future EU data regulations and fair data rules. This contract
model did not have time to be validated in the first round,
so this is the task of the next round. The goal is that the
production and sharing of data would be easier in the future
when ready-made contract models for the use of drone data
ecosystems were available. Based on these, it is easier
to agree on suitable compensations or e.g. exchange of
services, so that the various operators are satisfied.

An area of future development could be to be able to
give specific assignments to farmers, which they could
perform according to the contract and would receive com-
pensation for the data produced. There is no such service
yet, but as data spaces develop, such services may start to
appear.

This drone data ecosystem will be further developed in
such a way that it will be able to respond to the motives

of different actors for the construction and development of
the ecosystem.
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