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Abstract

The 14th European Conferemé&ecision Agriculture will showcase the ongoing research and applications in
precision agriculture. Organized by the Department of Agricultural and Food Sciences of the University of Bolog
under the auspices of the International Society ofRyecisiore (ISPA), the ECPA sessions will present Precision
Agriculture from the perspective of scientists, crop consultants, advisors, extension personnel, agronomists, pre
and other practitioners.

This volume collects tpage extended abstsaof the Posters and -8idet contributions presented at the
conference, which took place in Bologna, Italy, fron2028. 2

The oral presentations are published in full in an edited book published by Wageningen Academic Publishers.
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Spykman O1, Ebertseder F 1, Burmeister, J 1, Gehring K1, Henkel A 2

1 Bavarian State Research Center for Agriculture, Germany 2 University of Passau, Germany.
Correspondence: olivia.spykman@Ifl.bayern.de

Introduction

As crop robots are finding their ways onto farms, they are largely heralded for cost efficiency
due to substituting labor-intensive tasks [1]. Despite the advantage of a lower weight than tractors
and the option to equip crop robots with precision farming tools, the mere implementation of crop
robots in existing plant production systems will not realize their potential. Thus, the established way
of farming must also be reconsidered. Ecological issues like the risk of soil erosion and the loss of
biodiversity may be addressed in small-scale, highly diversified agricultural systems [2,3]. Such
systems include the cultivation of multiple crops in the same field, e.g., in the form of strip
intercropping. In addition to ecological benefits, intercropping approaches may improve the
economic resilience of farms against external shocks [4], which, however, stands in contrast to cost
inefficiencies resulting from small-scale structures. The role of crop robots in future farming systems
is thus a field to be studied, also from a soci a:
benefits face farmer adoption hesitancy due to uncertain societal reactions [5].

Objectives

To understand the potential of crop robots for future-proof agriculture, a systems-oriented
evaluation is necessary. The project Future Crop Farming in south-eastern Germany is designed to
address this nexus of technology, ecology, and economics under consideration of the underlying
social framework by applying the Actor Network Theory. In addition to the agronomic analysis of the
crop production system, the field lab will also serve as a platform for communication with different
groups of society.

Materials and methods

A 12 ha plot was converted to a strip-intercropping field lab, presenting six blocks of seven crop
strips each, surrounded by a headland of grass-clover. The crop rotation consists of sugar beet,
winter wheat, lupin, winter barley, soy, corn, and winter rye. The crops are grown in 15 m-wide strips
orthogonal to the slope of the field, with each block separated from the next by 6 m-wide beetle
banks. Beetle banks are raised, dam-like structures within fields serving as habitat for various
insects [6]. In the field lab, they were planted with perennial gras and flower mixes. Management of
the blocks alternates between an integrated, good agricultural practice approach and reduced input
of pesticides with a strong focus on crop robots, allowing for a statistical analysis of differences in
yield, edge effects, and labor input due to management.

The data thus generated permits an economic evaluation of the strip-intercropping field design
under consideration of both novel and established technology. This perspective is complemented by
analysisoft he designés ecol ogi cal i mpacts: specific fo
field structures as well as effects on soil erosion risk. The latter is particularly relevant to the region
where the field lab is located but also with respect to herbicides being replaced by (robotic)
mechanical weeding in the reduced variant.

Designed as a 61 i v icongprisesemmgrical sodakandsociolpgeat reseaach.s o
Quantitative general population and specific target group surveys on the acceptance of crop robots
for the purpose of more biodiversity in agriculture will be conducted. Societal structures underlying
farming will be evaluated based on qualitative interviews with farmers and other actors in the sector
by means of the Actor Network Theory, which considers human, institutional, and natural actors. The
findings will be developed into an educational trail around the field, aiming to address both
agricultural and non-agricultural communities in an effort to illustrate the conflicts of interests within
agricultural production.

Results

The first season of Future Crop Farming was completed in 2022. The weather conditions during
the vegetation period resulted heavy weed competition in both the integrated and the reduced
variants, especially in sugar beet and lupin. However, robotic weeding in the reduced variant proved
somewhat more effective than the use of herbicides in the integrated variant in both crops.
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Positive effects of the field design were observed on biodiversity in the whole system, as
expected, and on soil protection, which became evident after heavy rains in spring that caused strong
erosion in the region, yet not on the field lab. Insights from modelling the field indicate that the soil
protective effect can be traced back to the beetle banks.

A comparison of labor input for robot-executed tasks and conventional technology use does not
yet show the expected results as preparatory work for robotic tasks resulted in higher labor input.

From a social perspective, there was a strong interest in the project from regional, national, and
international groups, with local farmers tending to be more skeptical. A discussion group with farmers
indicated that acceptance of novel farming systems was heavily influenced by family and regional
traditions. The sociological research provided the basis for the educational trail conceptualization.

Discussion and conclusions

Beginning in 2023, the reduced variant will be managed using the crop robots Farmdroid FD20
and AgXeed AgBot 5.115T2, which will replace the Agrolntelli Robotti used in 2022. This switch in
technology will allow the robotization of more tasks than sowing and weeding. The economic analysis
of all three robots may contribute to the generalization of labor requirements when using crop robots.
Further online and in-field surveys will be implemented in summer 2023 to investigate the reception
of the crop production system in combination with crop robots among both the farming community
and the general population. The insights thus generated may prove useful to both farmers and
policymakers for communication about crop robots to the general public. Additionally, knowledge
transfer activities will be expanded from on-site field visits to a simultaneous establishment of the
educational trail both on-site and online on the project website. The future crop farming field lab
serves as stimulus for rethinking crop production systems with the help of precision agriculture tools.
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P21 Data and Connectivity to Foster Smallholder and Urban Farming. Farmer

Charlie
Bonnardel B

Farmer Charlie, United Kingdom. Correspondence: betty@farmer-charlie.com

Introduction

Producing a t hir d[l],smallhbltheefarmessrnéed t ®btain accutate, useful
data to improve their activities and make informed decision in real time in order to avoid wastes that
amount to 40% or more in cases (from discussions with cooperatives). This is even more crucial
when they live in isolated or remote areas, with scarce or absent connectivity (in 2022, 2.7bn of
people were not yet connected to the Internet, according to ITU data). Farmer Charlie is a smart
agriculture IoT platform created to meet these needs. In 2022, a prototype testing in Sicily, Italy,
confirmed the efficiency and effectiveness of our product. Additional research on urban farming led
to identify a market of private and smallholder farmers (gardens and allotments) in Europe, which
could benefit from remote monitoring of soil and weather information to manage their crops and plan
irrigation, input and sustainable growth of their crops at a convenient cost.

Objectives

Our research showed that there are over 570 million small farms globally (FAO), with 360 million
in emerging economies. Besides, 40% of the world population still does not have internet access,
even more in rural areas. Research started to devise a low-cost solution, affordable for these farmers
and helpful to bring data and agronomic information they cannot access. Farmer Charlie was created
to bridge that gap. Last year, Farmer Charlie bootstrapped its own prototype development and
testing in Sicily, Italy, where its technology was tested on horticultural products and citrus fruit trees.

The feedback received from Sicilian farmers was very positive and showed a market opportunity
for Farmer Charlie in Europe, as an easy to use, easy to install low-cost solution addressing small

and private farmersod needs. T dns with gllotmedti owrens sursl i

garden farmers, Farmer Charlie appears to be also suited to city farming. R&D features include
compatibility with 5G, satellite and other loT radio-technologies, optimisation of the telecom network
(e.g., data transfer rates). Low cost has always been considered an essential requirement.

Materials and methods

Farmer Charlie is made of the following subsystems: in-field sensors to detect soil values such
as humidity, pH and temperature; a connectivity module; a user-friendly application; support systems
including a battery/solar panel. Our approach relies on optimising the system in order to address the
farmersd6 need for receiving cruci al data and
of different connectivity technologies in our service opens new opportunities to adapt Farmer Charlie
to European market, but this is developed in a way which need to remain cost-effective.

Results

Our target was to develop sensors which were good quality, at a very low cost and with a long
life. We were pleased to have achieved success against our objective to develop a robust,
interoperable, and low-cost system.

The equipment measured humidity and temperature in the field and were connected to a
weather station. The radio-module is based on a managed LoRA protocol, to bring efficiencies to
our system.

Our data rate is narrow band, but we can also rely on radio modules which can transmit in
broadband, would we require video, for instance.
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Figurel. Farmer Charlie - System

Source: Farmer Charlie, 2023.

Discussion and conclusions

Further to our research and development activities and the deployment of our system in Sicily,
we have now identified the following challenges which we have addressed:

- the battery system needs to be optimised and coupled with a solar panel in order to
increase the duration of sensor over more than 3 years.

- the measurement of humidity and temperature is valuable for the control of irrigation
systems, and the better use of water, a scarce resource.

- there is a further need to measure nutrients in soil, luminosity and other parameters.
Addressing these needs requires a trade-off in measuring all with one unique sensor
(our sensor has four entries) or individual sensors.

We address the need of monitoring vegetable gardens and citrus fruits remotely, as the farmer
(private or smallholder) cannot always oversee their growth in person. Knowing soil and weather
condition in real time can assist with better practice and improved yield. Controlling the use of water
and limiting fertilizers and pesticides, our system is also aimed at reducing waste in farms (current
estimate of waste is 15% [2]).
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Introduction

The University of Georgia (UGA) is a public teaching, research, and outreach institution located
in the state of Georgia, USA. It was founded in 1785 making it the oldest public university in the USA.
Agriculture contributes approximately USD69.4 billion annually to Georgia's economy and is the
largest business sector in Georgia. The 2020 total farm gate value for the state was USD12.2 billion
with more than 4 million hectares in production [1]. Georgia is the U.S. state that produces the most
peanuts, broilers (chickens), pecans, blueberries and spring onions and ranks in the top five for
cotton (#2), watermelon, peaches, eggs, cucumbers, sweet corn, bell peppers, tomatoes,
cantaloupes, rye and cabbage [2]. Farmers in the state are under ever-increasing economic pressure
from rising input costs and competition from countries with lower wages and are turning to the
technological solutions offered by precision agriculture to improve their efficiency and profitability.

Based on the strength of Geor gi abds afgprecigion
agricultural research at UGA, the expertise present in College of Agricultural and Environmental
Sciences (CAES) and the College of Engineer
Academic Excellence in 2019 identified Integrative Precision Agriculture (IPA) as one of five areas
of research for UGA to increase investment and build excellence. The investment in IPA consisted
of two thrusts: the establishment of nine new IPA faculty positions and the formation of the Institute
for Integrative Precision Agriculture (IIPA).

The IIPA was launched in 2022 to serve as a conduit to connect agricultural technology
research, education and outreach within UGA and with outside partners such as other universities
and agribusiness. This is accomplished through networking events, joint infrastructure and seed
grant programs, among other efforts.

Educational initiatives

The 1IPA will not offer new academic degrees in the short term. Instead, it will focus on
developing a continuum of education and training from the secondary (high school) to the tertiary
level (university) that will develop market-ready graduates with knowledge and skills to develop and
apply IPA solutions when they enter the workforce. Market-ready graduates with these types of skills
are currently the limiting factor in the development and expansion of companies that offer IPA
services and technologies in rural Georgia. To achieve this goal, the IIPA is developing multiple
educational pathways for students that lead to associate of science (A.S.) or bachelor of science
(B.S.) degrees that match industry needs for training and education in IPA. The IIPA is working
closely with industry partners to identify these needs. For example, the IIPA hosted an international
IPA conference during May 2023 during which there was a panel discussion on industry workforce
needs and how academia can create curricula and attract students to meet needs. The panel was
composed of IPA leaders from industry and academia.

In many states of the USA, students are able to take university level courses while still in high
school. This is commonly referred to as dual enrollment as the credits also count towards high school
graduation requirements. For example, a student may take a first-year university chemistry course
which also fulfils a high school science course requirement. In Georgia, students are allowed to
accumulate up to 30 dual enroliment credits while in high school which is approximately 25% of the
credits needed to graduate with a 4-year bachelor degree from a public university in Georgia. Dual
enrollment with a public institution is at no cost to the student. This provides students with an
opportunity to complete their university degree in three rather than four years but also significantly
reduces the cost of a university education.

In Georgia, there are two types of public tertiary education 7 that offered by the University
System of Georgia (USG) and that offered by the Technical College System of Georgia (TCSG). The
USG consists of 25 colleges and universities all of which offer bachelor degrees, many offer masters
degrees, and a few offer doctoral degrees. TCSG consists of 23 technical colleges which provide
technical education, adult education, and customized business and industry training programs. Many
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technical colleges have campuses in rural areas and because of that, have begun offering dual
enrollment courses to serve high school students living in these areas. Dual enroliment courses from
technical colleges are eligible for transfer to USG institutions. Within the last few years, technical
colleges have also begun offering 2-year A.S. degrees.

The educational IPA pathways are being developed in partnership with rural high schools and
technical colleges with a large footprint in rural Georgia and take advantage of dual enrollment. In
this model, students are recruited for an IPA pathway while in high school during which they pursue
academic credits via dual enroliment with the technical college. After high school, they enroll at the
technical college where they pursue an A.S. in IPA. The A.S. in IPA are new degrees with that will
be offered by a small group of technical colleges in rural areas and will be developed in conjunction
with UGA. The A.S. will have two tracks. One track results in a terminal A.S. that leads to direct
employment with industry in technical support roles. The second track includes the core science,
technology, engineering and mathematics (STEM) courses needed to pursue a B.S. at UGA. When
students arrive at UGA they are essentially third-year students and are able to complete a B.S. in
two years. Figure 1 shows the educational pathway options in graphical form.

Feedback from industry has clearly indicated that the ideal graduate is one who can apply
traditional knowledge in agricultural sciences, data science, and engineering to develop IPA
solutions to current and anticipated problems. Because of this, the IIPA is not developing a new IPA
degree at UGA. Instead, the IIPA is developing IPA areas of emphasis within existing STEM
disciplines. An area of emphasis is a concentration of courses that provides a student with
competence in a specific area of knowledge and i s
one example, the B.S. in Crop, Soil and Environmental Sciences (CSES) includes an IPA area of
emphasis. Although some I[PA-related courses such Principles of Precision Agriculture and
Geographic Information Systems as are required of all students pursuing the CSES degree, students
pursuing the area of emphasis are required to take four additional IPA-related courses and have the
option of taking even more as electives. The suite of available IPA courses will increase as the new
IPA hires develop and begin to offer new courses in their areas of expertise.

At the time of this writing, areas of emphasis are being developed for the agricultural
engineering, computer science, and forestry degrees in addition to the one described in the previous
paragraph. Others are under consideration. The IPA educational pathways are currently under
development with the goal of being implemented for the 2024-2025 academic year.

Figure 1. IPA workforce development educational pathways in graphical form.

Dual Enrollment in High
School (30 credits max)

! |

Technical College Transfer Technical College Track
Track with A.S. A.S. or other

(30 credits max)
1

UGA B.S. with IPA area of
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1 l r *B.S. in Agricultural Engineering; Computer
| Industry | Post-Graduate Science; Crop, Soil & Environmental Systems;
Degrees Forestry
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Introduction

The curriculum of the Electrical Engineering, Electronic Engineering and Agroindustrial Engineering
programs at the Universidad Pontificia Bolivariana (UPB) in Medellin, Colombia, has been
continuously evolving since their creation in 1950, 1970 and 1994, respectively. Throughout their
history, these programs have been characterized by offering training tailored to the social needs of
the environment, focusing on the region, but without losing sight of the global environment, to the
point that many of their graduates are working in companies abroad [1].

This spirit of permanent updating has been oriented, in recent years, from the perspective of the
CDIO model and the ABET model. Currently, the need to incorporate Competency Based Learning
(CBL) and Problem Based Learning (PBL) perspectives is reinforced. The CDIO model seeks to
provide engineering students with training within four fundamental frameworks: Conceive, Design,
Implement and Operate [2], that can be strengthened through CBL and PBL methodologies. These
methodologies state that, by using problems or projects as a stimulus for learning, students develop
their competencies better and in a more comprehensive manner [3].

Materials and methods

The training process of an engineering student traditionally begins with a mathematical foundation,
useful to form in the student's mentality the logical reasoning skills that will allow him/her to generate
solutions inspired by mathematical and algorithmic bases in the future. Within their training cycle in
mathematics, and according to the experience of the teachers, one of the main concerns of the
students is how and when they will begin to develop the competencies of their career and area.

At UPB, the Technologies in Urban Agriculture Research Program is being carried out, which beyond
the direct research products that may be produced, leaves as a result an extended classroom in
Precision Agriculture implemented in a Greenhouse built at UPB, whose functionalities include an
automated irrigation system, which is expected to serve as a platform for the development of
classroom projects for the formation of competencies among undergraduate students. This extended
classroom is implemented in the aforementioned Greenhouse, with technologies oriented to Artificial
Intelligence (Al), such as: Machine Learning (ML), Fuzzy Logic (FL) and Internet of Things (loT), for
the development of intelligent irrigation systems [4]. The analysis and implementation of this project
allows establishing the connection between the competencies proposed in different courses of the
Electronic Engineering program of the Universidad Pontificia Bolivariana and their development and
strengthening through problem solving, in this particular case, in Precision Agriculture. Likewise, to
evaluate the current state of the engineering schools and to give support to build methodological
structures based on learning, implementing the CDIO and ABET initiative, based on CBL and PBL,
for the training of future engineers [5].

To carry out these processes, competencies are identified in the Electrical, Electronic and
Agroindustrial Engineering programs at UPB in order to evaluate the current state of the engineering
school and determine those competencies that can be developed with urban agriculture
methodologies. Then we seek to propose training activities in selected or elective subjects,
incorporating technologies and teaching tools, strengthening research and innovation and
methodological structures with clear objectives, practical activities and appropriate evaluation.
Create collaborative learning environments and continuously monitor student performance and
effectiveness of methodological structures [6].

With the above, competency-based models are proposed for UPB engineering students to acquire
knowledge in Precision Agriculture. Priority competencies include research, communication and
teamwork, leadership and entrepreneurship, social and environmental responsibility, and rigorous
logical reasoning. These skills are combined with interpersonal and cross-cutting competencies that
are crucial for students to excel in their field of study and contribute significantly to the development
of precision agriculture [6].
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Results

As mentioned above, a Greenhouse was built and implemented at UPB (Figure 1), which will be
used as an extended classroom to train new engineers, who will acquire skills to use precision
agriculture to propose methodologies and activities to develop competencies defined in the
aforementioned engineering programs.

Figure 1. UPB Greenhouse

These competencies are based

criteria that are aligned with the 1999 Bologna Process [6].

In order to train new engineers with competencies in which methodologies and activities are
proposed to develop them, defined in the engineering programs already mentioned in the extended
classroom, it is sought that they can acquire them through methodologies based on experiments, in
which through the obtaining of soil moisture retention curves with metric potential sensors, models
can be obtained, which can be used to perform continuous irrigation control [7].

These models will be obtained in the Continuous Control course and will be implemented through a
Programmable Logic Controller (PLC) in the Programmable Logic Control course of the Electrical
and Electronic Engineering programs, acquiring the competency of research, communication and
teamwork and the competency of rigorous logical reasoning. These activities, incorporated into
elective courses, can attract students from other engineering careers, such as: Agroindustrial
Engineering, Mechanical Engineering and Industrial Engineering.

In addition to this, we want this training to have a remote operation scope by using a web platform,
such as Ubidots, which allows visualizing variables such as Ambient Temperature, Relative
Humidity, Soil Moisture, among other variables; so that students can visualize them, and with this
data, analyze and use them to carry out the control of an irrigation system, either by making manual
or automated irrigation decisions [8]. This training with remote operation scope, will be implemented
in courses such as Agricultural Production or in elective courses such as Non-Food Technologies
(Digital Agribusiness) of the Agroindustrial Engineering program, acquiring the competence of social
and environmental responsibility and research, communication and teamwork.
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Introduction

The process of agricultural production is undergoing progressive digitalization worldwide, which
is referred to as digital farming or smart farming [1,2], i.e., the share of software-based tools and
purely software-based processes such as planning tasks is demonstrably increasing steadily [1,2].
Agriculture is an essential part of Critical Infrastructure as it is essential for global food production.
This becomes especially important in times of diverse crisis events such as: War, Pandemics and
Climate Change. Centralized and internet-dependent software-based infrastructures and
applications are then particularly vulnerable. The concept and technological possibilities as well as
the current developments of Resilient Smart Farming (RSF) show how data management can be
designed according to the offline-first principle. A central building block here is Resilient Edge
Computing (REC) and the developed HofBox: a mini-server that takes over data management on
the farm and implements it with innovative, open source-based container technology Open Horizon
[3,4,5].

Objectives

The central question here is: (How) Can decentralized data management with hybrid IT
infrastructure be implemented and at the same time support the economic and ecological benefits
of smart farming applications and increase resilience? Can the concept of Resilient Smart Farming
provide a conceptual and technological way to strengthen resilience of digital infrastructures in
agriculture?

Materials and methods

For the practical implementation of Resilient Smart Farming in the form of Resilient Edge
Computing, a so-called HofBox was used as a miniserver with the hardware of a Raspberry Pi 4,
4GB with LoRa board in the first step. This simple and commercially available hardware could be
manually integrated into the Open Horizon infrastructure. The LoRa board is used as a gateway for
an autonomous sensor network on the farm. In the second prototype, a HofBox 2.0 with x86 and
Secure Device Onboarding (SDO) was used for automated deployment of software containers.

At the infrastructure level, Resilient Edge Computing is deployed via the open source framework
Open Horizon [3,4] at the professional level as IBM Edge Application Manager. The software used
to deploy software containers in the project is open source software in the first step, such as Libre
Office, MQTT broker or the GeoBox application. The Long Range Wide Area Network is supported,
among other things, by its own gateways, which store the sensor data via the commnitiy-based and
central platform The Things Network and make it available via APIs. You can see the different
variants of the HofBoxes in (Table 1).

Table 1. Two different HofBox hardware were used

HofBox 1.2 description HofBox 2.0 description
Our first usable prototype of The second usable
HofBox 1.2 was based on a prototype of HofBox
Raspberry Pi 4 with 4 GB 2.0 is a x86 with a
RAM and an extension of a secure device
LoRa-Board onboarding (SDO)

Results

The HofBoxes are initialized, installed and updated without user interaction (zero touch) via the
open source edge computing platform "Open Horizon". The application layer applications shall be
containerizable" to run in the data center, cloud-based or locally on the HofBox.
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Figure 1. IT-Architecture for Resilient Smart Farming
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The applications should be usable by means of a standard Internet browser, i.e. without
additional software, accessible via a special start page on the HofBox and basically functioning
without connection to the Internet. Furthermore, additional applications can be installed via the
integration of an app store if desired by the user. To support the daily work, an (extendable) basic
software (GeoBox app) is supplied as standard. The hofbox is a dedicated, self-contained,
ruggedized compute server delivered to the farm, managed remotely, and providing localized
workload ad data processing services to the farmer. In order to realize resilient smart farming into
practiice, farmers data will be on the hofbox edge device. Only by agreeing, the data can be sent
and stored elsewhere. The solution is fully resilient, because of a hybrid-cloud architecture which
means that the solution is cloud agnostic.

Resilient smart farming thru rersilient edge computing is a role model for critical infrastructures.

Discussion and conclusions

The solution we designed and developed to strengthen digital resilience in agriculture, Resilient
Smart Farming, is technologically feasible and can be tested in practice in the future. This will show
whether the solution is also successful under the conditions of agricultural practice. We were able to
practically demonstrate the technological feasibility with Resilient Edge Computing, as described
above. We expect containerized software to be increasingly used in agriculture in the coming years.
Under Open Horizon, we show that these can also be managed and administered.
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Introduction

Agricultural producers continue to evolve due to education, information accessibility,
communication technology, societal expectations, regulatory increases, equipment sophistication,
changes in production systems, productivity changes, and ever-escalating capital needs and
intensity [1]. To remain relevant and effective, the space and methods in which research
professionals engage growers and landowners on the use of best management practices in
agriculture must be just as dynamic. However, outreach programs have traditionally relied on lecture
presentations, field tours, fact sheets, and on-station demonstrations. These methods tend not to
provide the experience that growers require to become comfortable adopting innovative solutions,
whether it be new management practices or the use of new technology. To this end, the Testing
Agricultural Performance Solutions (TAPS, https://tapsprogram.org/) program was developed.

The TAPS program is characterized by its innovative approach that combines interactive,
"citizen-science" learning with interdisciplinary research. It revolves around annual farm
management competitions hosted at university research farms, where participants make real-world
management decisions, such as crop cultivar and seeding rate, irrigation and nitrogen amount,
timing, and method, crop insurance, and marketing, which are then implemented side-by-side in
replicated plots on the same field (Figure 1). This unique setup allows for TAPS researchers to
directly compare and evaluate the influence of management decisions on production, efficiency, and
economic outcomes void of farm and regional-level differences, including soil type, weather
conditions, and equipment availability. Furthermore, by providing a controlled environment for testing
different management methods using new and emerging technologies, TAPS enables participants
to evaluate practices without exposing their own farm operations to unnecessary risks.

Figura 1. Experimental layout for the 2019 sprinkler irrigated maize competition held at the West
Central Research, Extension, and Education Center in North Platte, NE, USA.
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TAPS has expanded from a single competition of 15 teams comprised of 18 producers and two
student groups in North Platte, NE, USA, to eight competitions across four states consisting of 156
teams made up of producers, student groups, agency personnel, and researchers. Each competition
is uniquely designed and implemented to address local needs, constraints, and opportunities.

Extensive data is generated on the TAPS plots to inform operational performance of water
conservation technologies and practices. Each team has access to real-time data from commercially
available soil water sensors, plant and canopy sensors, aerial/satellite imagery, field level weather
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stations, irrigation and nitrogen management models, soil and plant analysis, scouting reports,
marketing tools, among others. Each team accesses this information via the competition website,
which also contains informational videos, user tutorials, and insights into how to use the technology.
In addition, supporting data is collected to understand production responses and to provide validity
to commercial technologies marketed for agricultural production. For example, neutron attenuation
and infrared thermometry (Apogee Instruments, Logan, UT) are used to assess soil water availability,
and soil and plant tissue sampling and canopy reflectance via Crop Circles (Holland Scientific,
Lincoln, NE) are used to assess nutrient availability and uptake.

Results and Discussion

The project team has observed that efficient users of water and nitrogen fertilizer as measured
by the Water and Nitrogen Intensification Perfromance Index (WNIPI) [2] also tend to be more
profitable. The relationship between WNIPI and net income of the 2017 to 2019 TAPS sprinkler
irrigated maize competition in North Platte, NE, USA, is presented in Figure 2. A positive, linear
correlation with a pooled R? of 0.61 was observed. Thus, promoting the adoption of conservation,
resource efficient oriented practices can align with farm profitability. Each year the participants are
surveyed to evaluate the impact of the program on adoption of practices and technology. In 2018,
68% of the participants increased their confidence in irrigation technologies [1], and in 2019, 69%
and 76% of participants were thinking about adopting one or more irrigation and nitrogen
management tools, respectively.

Figure 2. Profit (US Dollar per hectare) versus input use efficiency as measured by Water-Nitrogen
Intensification Performance Index (WNIPI) for the 2017 to 2019 Sprinkler Irrigated Maize Farm
Management Competition in North Platte, Nebraska, USA.
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Introduction

Tractor guidance (TG) systems are a type of precision agriculture technology that uses global
navigation satellite systems (GNSS) to mechanically steer tractor paths during field operations.
Spatially precise applications of nitrogen (N) and phosphorus (P), through the use of auto-guidance
systems, improve crop production and reduce non-point source pollution across agricultural
landscapes, relative to non-GNSS enabled technologies (Shockley et al., 2011). Specifically, Kharel
et al. (2020a) reported 6 and 16% reductions in input overlaps (double applications) and gaps (no
application), respectively, via TG systems. Greater effective spatial coverages can translate to less
labor, lower greenhouse gas emissions and non-point source pollution, and greater cost savings per
unit area (Lindsay et al., 2018). However, in a follow-up study, Kharel et al. (2020b) found that factors
such as terrain attributes (increased slope, variable topography) and field shape and irregularity drive
the extent of these efficiency gains relative to non-TG systems. Other important factors, such as
operator experience level for the non-TG comparison, likely also affect efficiency gain estimates;
however, evaluations of driver experience have not been done to date.

Previous work by Ashworth et al. (2018) found that TG led to total farm-level carbon equivalent
emission reductions of 15.7, 3.5, and 9.6 Mg for cotton (Gossypium hirsutum L.), soybean [Glycine
max (L.) Merr.], and cottoni soybean mixed operations, respectively. These results highlight that
emission reductions are crop, amount, and agro-input specific. Additional work by Ashworth et al.
(2022) found that fertilizer source (organic vs. inorganic) greatly affected environmental benefits
from TG via a life cycle assessment. In this assessment, poultry litter had fewer environmental
gains than inorganic N, owing to the rate of volatilization for poultry litter under IPCC Tier 1
methods being twice that of synthetic sources, as well as fewer yield gains under the
organic source. This study set out to explore the effect of operator experience level (07 1, 21 3, 6+
yr) during fertilizer (organic and inorganic) and herbicide applications and based on terrain
attributes, relative to precision guidance tools. We predicted that the greatest operator experience
level (6+ yr) scenario would have the fewest overlaps and gaps and, consequently, the least
environmental gains during agro-input applications relative to precision guidance systems.

Objectives

The use of precision agriculture tools like tractor guidance (TG) improves production efficiencies
by reducing overlaps and gaps and consequently reducing environmental impacts from over-
applying fertilizers and herbicides in agricultural systems. However, the relationships between terrain
attributes (slope, field shape irregularities, pass length), drivers experience level (07 1, 2i 3, 6+ yr),
and system (farm size, crop type, etc.) impact efficiency gains for precision agriculture tools are
lacking. Therefore, in a series of studies, authors tested these factors by comparing TG (where a
predefined field path was followed) and without TG (manually driven).

Materials and methods

This study was conducted at Booneville, AR, USA (35.087723 N, 93.993740 W) in 2018 and
2019. The details of the field study, data collection, and overlap estimation methodology for 2018
data are available in Kharel et al. (2020a, 2020b). A New Holland 7040 (NH7040) tractor was used
without TG (manually driven) in six fields (11.77 22.5 ha) with a 10-m fertilizer spreader and a 13-m
boom sprayer from 2018i 2019. Three operator experience levels where Operator A had 6+ yr
tractor driving experience, Operator B had 2i 3 yr experience, and Operator C had 07 1 yr
experience were used for this study. Operator A applied fertilizer in 2018, Operator B applied
herbicide in 2019, and Operator C applied fertilizer in 2019 for the same six pasture fields.
Intelliview IV display (CNH), 372 receiver, and RTX signal (Trimble Navigation Ltd.) with 15-cm
pass to pass accuracy as a navigation system were used by each operator. Kharel et al. (2020a)
reported that there was no statistical difference in overlap and gap due to operation (fertilizer and
herbicide application); hence, we combined these datasets from both operations to evaluate the
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effect of driver experience. Overlap and gap information were calculated as described in Kharel et
al. (2020a, 2020b). Briefly, data points (tractor location recorded each second during field
operations) showing more than 35° difference in heading direction were assigned a new pass
number in increments. A line feature was created for each pass and a buffer polygon around the
line feature was developed using equipment width. For each operation within a field, individual
pass polygons were sequentially evaluated with the rest of pass polygons and overlap polygons
calculated for further analysis. Gap area was then calculated by subtracting pass polygon and
overlap polygon area from the field boundary area as shown by Equation 1 in Kharel et al. (2020a).
Both overlap and gap area were expressed relative to field boundary area in percentage for
statistical analysis. Since gap area was calculated for whole field and no gap polygons were
created within a field, the majority of analysis on this paper focuses on overlap polygons.

Results

We estimated economic and environmental implications of TG using TGA for smallholder
farmers. Adoption of TG systems has increased by 501 60% for major row crops in the United States;
however, to date TG technologies are not widely used for either smaller-scale production or pasture-
based systems, and more information is needed regarding how efficiency estimates from TG in
pasture systems are affected. Results showed that operator experience level is critical when making
efficiency gain estimates and operators with 6+ yr of experience reduced overlap 7.7 and 20.6%
compared with 2i 3 yr of experience and new operators, respectively. N fertilizer savings via TG lead
not only to substantial energy savings during its manufacture but also to rather large reductions in
N2O emissions, which vary based on farm size, crop type, field shape, and terrain.

Discussion and conclusions

In a series of studies, authors tested these factors by comparing TG (where a predefined field
path was followed) and without TG (manually driven). Studies found that operator experience level
(for non-TG comparison) was inversely related to TG- driven efficiency gain improvements and that
overlaps increased with increasing field irregularities (6 to 11% field area), shorter pass lengths (2
to 19m2), greater slope (17 to 53m?), and roughness index (13 to 38m2) per grid cell. In addition,
TG was profitable and led to farm level carbon equivalent (CE) emission savings of 15.7, 3.5, and
9.6 Mg for cotton, soybean, and OMi xedd operation
savings that are i) crop specific; ii) scale dependent; and iii) equipment/input-use specific. Overall,
auto-guidance systems on tractors leads to more targeted nutrient and input applications, which
leads to more sustainable production of food.
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Introduction

Precision Agriculture (PA) represents a huge opportunity but also a challenge that the entire
agri-food supply chain must face to make the food production process sustainable, both in
environmental and economic terms.

This also challenges the legal environment because many profiles are linked to the aspects that
emerge from using drones and precision mechanical means used in PA [1].

In European regulatory terminology, drones are included in the group of unmanned aircraft (UAS
T unmanned aircraft system). Their tremendous flexibility allows their employment in an increasing
number of activities and sectors, such as agriculture, resulting in interesting technology and
extraordinary development opportunities. At the same time, it requires an urgent intervention on the
legal side [2].

Objectives
The research aims to illustrate the European and national regulatory framework regarding the
use of UAS systems, including drones, in agriculture.

Results

According to the EU Reg. 2018/1139 and EU Reg. 2019/947, as amended by EU Reg. 2020/639,
UAS operations are divided into three categories, depending on the parameter of the risk associated
with the operations, distinguishing them in open, specific and certified.

In PA, you can operate through the first two categories, with a preference for the open one
because it does not require any prior authorisation, reducing costs and organisational effort, while
for the specific category, technical capabilities are needed (EU Reg. 2019/945, as amended by EU
Reg. 2020/1058, lays down the technical standards and classes of the UAS for each category).

Despite the strong impact in agriculture that the use of drones would lead, both in terms of
necessary investments and the development of new agricultural services, there are advantages to
be considered, such as the ability to perform multispectral scans on crops, reduce operating costs,
respond quickly to intervention needs and optimise production efficiency.

However, several legal aspects need to be considered: security and insurance issues, civil
liability relating to accidents, and the technical and social aspects arising from data collected by the
UAS by remote sensing.

Regarding the national legal framework, the navigation code in article 734 states that the
concept of aircraft covers civil aerial drones, as the unmanned aircraft systems are also regarded as
aircraft, according to national special laws, ENAC Regulations and, for military ones, the decrees of
Ministry of Defense.

Italy was the first EU country to adopt a targeted legal discipline in this matter thanks to ENAC
Regulation 2013 about unmanned aircraft systems, revised and amended several times to adapt the
internal technical legislation to ICAO (International Civil Aviation Organizations) guidelines; and
finally replaced by Regulation ENAC UAS-IT 2021, currently in force.

The European Union is still acting on the evolution of the regulatory framework of unmanned
aircraft systems, committing to ensuring standards for drones and providing the necessary services
to guarantee the sustainable development of a rapidly growing market.

One of the sensitive aspects that can arise from the use of the technologies in question concerns
the civil liability of goods and people on the surface; the EU itself has shown that it is aware of the
problem, in fact, the «Declaration on remotely piloted aircraft (drones). Framing the future of
aviation» (Riga, 2015) established that «the drone operator is responsible for its use» as one of the
fundamental principles to be followed in the future regulation of flight with remotely piloted aircraft.

The most recent sources of European law have chosen not to define a special civil liability
regime but to mitigate the risk by providing a registration system for unmanned aircraft systems and
a general liability insurance obligation towards third parties [3].
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The CE Reg. 2004/785 introduced a harmonised regime on minimun insurance requirements
for air carriers and aircraft operators concerning insurance of passengers, baggage, cargo and third
parties; the same Regulation applies to unmanned aircraft systems but not to aircraft with a
maximum take-off mass of less than 20 kilos.

The absence of uniform European legislation on this point leads to interpretative doubts and
presents a regulatory framework full of application uncertainties.

The use of drones may, in addition, generate substantial interference with the protection of the
right to privacy and the protection of personal data; this worrying invasiveness has led to the
emanation of the UE Reg. 2016/679 (GDPR) that treats the personal data generated during
agricultural activities about the farmer, the agricultural workers and the subjects involved in the same
activities [4].

Another profile concerns the aspects related to the protection, exchange and ownership of non-
personal data, referring to agricultural activity: in this case, takes action the EU Reg. 1807/2018
«Free Flow Data Regulation» FFD, that is trying to create a Digital Single Market for the free
movement of non-personal data within the EU, in association with the provisions of the GDPR
(examples of non-personal-data in the FFD include those on precision agriculture).

The EU Commission, on 24 February 2022, introduced the proposal for a European law «EU
Data Act», as part of the European Data Strategy to create a single European Data Market, trying to
set out a cross-sectoral governance framework for data access and use, by physical persons,
organisations and European public authorities.

Discussion and conclusions

Despite the initiatives aimed at encouraging the development of the PA and the digitalisation of
the agricultural sector, it seems appropriate to face, in institutional headquarters, the regulatory and
legal obstacles that hinder the dissemination of innovations in support of sustainable use of
resources: such as the prohibition of the use of drones for the spraying of plant protection products
[5].

In this perspective, it could be a relevant solution to provide framework legislation on agronomic
data and their governance, but also on the use of drones that, otherwise, will continue to be valid
only for topographical surveys and aerial documentation, not taking advantage of the additional
opportunities of reduction of the factors of pollution and contribution to the ambitions of sustainability,
according to the EU policy.

Although the EU Reg. 2022/425, amending EU Reg. 2019/947, extending the transitional
periods for the use of drones in the open category, and the Easy Access Rules for UAS, a manual
drawn up by EASA on the European regulation of drones, the current legislation is not yet responsive
to the needs of the agricultural sector: this could compromise the proper development of the market,
which can no longer be separated from smart agriculture.
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Introduction

Weeds and other pest organisms cause losses of more than 40% of crop yields globally [1] and
their control accounts for approximately one third of the total expenditure of a farm. In the face of the
current intensification of agriculture, it is becoming increasingly urgent to design and adopt more
sustainable and efficient food production.Therefore, there is a strong need for proper management
of phytosanitary treatments on crops, and for these to be carried out in a localized manner.
Experimental studies on cereal crops in Germany [2], Spain [3] and the Czech Republic [4] showed
savings of over 70%, 74% and 86%, respectively, in the applied dosis phytosanitary when it
performed in a localized manner. This significant reduction of the amount of phytosanitary would
allow the use of small treatment vehicles carrying small tanks of liquid instead of big ones. On the
other hand, the ISO 11783 (commonly designated as ISOBUS) protocol is a communication standard
using in agriculture, for connecting tractors with implements. Although this standard has been widely
adopted in precision agriculture technologies [5], there is a shortage of research studies on its use
for communicating agricultural robots with their implements.

Objectives

The main objective of this work was to develop and validate a platform based on a small
commercial robot capable of controlling valves individually using the ISOBUS protocol for spraying
phytosanitary on weeds. The opening of the valves is determined by the information of a weed
treatment map previously created. Acting in this manner, a considerable amount of this liquid is
saved, as this is only applied in the areas of the field that they really needed, instead of over the
entire field.

Materials and methods

A small commercial robot (Robotnik RB-VOGUI) was equipped with a storage tank for
phytosanitary liquid, an electric diaphragm pump, and a one-metre spray bar (Figure 1a). Three
electric valves (Lechler ESV) capable of single nozzle control by ISOBUS were placed on the bar
(Figure 1b). Furthermore, a RTK-GNSS receiver (Septentrio mosaic-H) was placed on-board the
robot.

An algorithm was developed for generating treatment maps of patch weeds in fields (Figure 1c).
Thus, once measured the geographical position of the weeds, a grid map of the field was obtained,
where each cell was marked with a binary value that represents whether there is weed or not.
Regarding the actuation system, a method that encoded the control signals to ISOBUS data frame
format for the valves was implemented.

Thus, the operation of the entire system was that the platform moved forward over the field, it
read its geographical position from its RTK-GNSS receiver, located the position of its valves on the
treatment map, and, in the case that weed was present, it opened one, two or the three valves to
spray phytosanitary over the weeds.

Results

Several experiments were carried out to test the complete system on the field, showing a proper
functioning. The treatment maps were correctly generated from the geographical position of the
weeds. The robot went around the field, and the valves only opened in the regions where the
treatment map indicated that weeds were present.

Discussion and conclusions

The developed platform allowed the localized weed treatment. Thus, the phytosanitary was
applied only in the regions of the crop where weed was present, instead of in the entire fied.
Therefore, it is possible to substantially reduce production costs and achieve more environmentally
friendly farm management.
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Figure 1. (a) Developed platform based on a small robot; (b) Electric valves placed on the bar on-
board the robot; and (¢) Example of weed treatment map.
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Introduction

Unmanned Aerial Vehicles (UAVS) can acquire high-resolution aerial imagery for precision
farming. Unmanned ground vehicles (UGVSs), on the other hand, can be used for care of crops, weed
removal, application of chemicals, and harvesting. Autonomous coordination between the two can
further help minimize the use of chemicals, reduce cost, and reduce dependencies in human labour
[1]. For example, UAVs can provide necessary information about the crops such as diseased
plants/weeds and their locations to the UGVs, which can use the information provided by the UAVs
to autonomously navigate to the area for application of chemicals (herbicides/pesticides) and
removal of weeds. Collaboration between UAVs and large farming robots such as Bosch BoniRob
has been investigated [2]. However, large ground vehicles cannot effectively be used for all types of
row crops such as strawberry and lettuce. Moreover, using large vehicles results in soil compaction.
Using small UGVs instead of large UGVs is more beneficial for precision farming [3].

Objectives

The purpose of this study is to investigate the autonomous coordination between small UAVs
and UGVs for weed detection and removal. Experiment design, data collection and processing,
development of machine learning models for weed detection, and real-time processing of the
developed models are discussed. Also discussed is the progress on the collaboration between UAVs
and UGVs for motion coordination and communication network for data sharing.

Materials and methods
An experimental strawberry plot has been designed and developed for the study. The test plot
has a total of three replicate rows. It is a strip-plot design with four nitrogen treatments forming the
main plots and five irrigation treatments forming subplots. Strawberry is a suitable crop for this
research as it attracts a lot of weeds.
Two UAVs have been used for the project. One of the UAVs used is a DJI P4 multispectral
equipped with a high-performance RTK capable GPS, an RGB camera, and 5-band multispectral
sensor [4]. The second UAV used is a IF750 UAV and is equipped with a camera and a Gimbal. The
UAV has been integrated with a Jetson Nano processor for processing the developed machine
learning models. Jetson is a small and powerful computer suitable for UAV-based object detection
and real-time applications.
The UGV used is a Husky UGV from Clearpath Robotics. It is a medium sized UGV and is
equipped with cameras, LIDAR, GPS, robotic manipulator, and an adaptive robotic hand gripper.
The robotic manipulator can extend up to 0.85 m and carry a payload of up to 5 kg. The adaptive
robotic gripper picks up any object of any shape,
Images of the strawberry plot were collected for machine-learning model training form a DJI P4
multispectral UAV. Over one thousand RGB images were taken for testing over a period of two
months while over 200 images were labeled for training. The model was trained on 96 labeled images
with over 1000 annotations labeled within. These images were taken from the UAV flying 10 meter
above the strawberry plot and were annotated wit
Asmall weedo [4]. The models were trained Tensor
An architecture for the autonomous collaboration between UAVs and UGVs has been developed
and tested. XBee radio modules are used to share the data between different nodes [6]. The UAV is
capable of collecting the data while flying and processing the developed models. The location of the
weed will be determined and sent to the UGV, which will then autonomously navigate to the weed
location.

Results

The trained models were used to detect the weeds in the strawberry plot. Figure 1 on the left
shows the detected weeds and strawberries using the images collected from the UAV. The center
of each box is marked with a dot as the location of the weed or strawberry plant. Using the ground
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