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Preface

The Fourth Industrial Revolution in the primary sector is captured by the term
Agriculture 4.0, which represents the evolution of digital technologies in four aspects.
The first aspect is related to the use of data, computing power, and connectivity
aiming at the storage and systematization of the information collected leading to the
rapid evolution of Big Data, Open Data, Internet of Things (IoT), Machine-to-
Machine, and Cloud Computing. Decision Support Systems (DSS) are enabled
through the use of IoT processes that integrate data deriving from various sensors
and convert them to decisions and actions. These processes include the successful
connection between different sensors, the collection of data as well as their processing
in order to supply a DSS with all the required information. The simultaneous
consideration of environmental, climatic, and cultural factors results in products of
increased quality and in input reduction (savings on pesticides, fertilizers, energy,
etc.) improving also the sustainability of agricultural systems. The second aspect is
the introduction of “Machine Learning,”which facilitates decision-making as well as
machine performance from the constant collection and analysis of data. The third
aspect concerns human–machine interaction through interface processes. Lastly, the
fourth aspect involves all the innovative technology that is used for cost and energy
rationalization through performance optimization including Robotics, Machine-to-
Machine interactions, etc., facilitating the transition from the digital to real.

The above are the directions of Agriculture 4.0 which incorporate the transition to
a new era of action in the agricultural sector. Farmers want to improve the sustain-
ability of their production in all of its pillars (Environment, Economy, and Society)
by investing on their business. Conventional agricultural practices were gradually
improved by the introduction of precision agriculture while the further improvement
of technology has led to Agriculture 4.0 which utilizes interconnected technologies
that result to yield and sustainability performance improvement and to the increase
of production and processing quality. Basic aim is the systematization and automa-
tion of agricultural processes leading to increased production. However, the present
times call for immediate actions with respect to the transition of agriculture to
sustainable agriculture. To that end, certain challenges must be addressed.
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The Food and Agriculture Organization has identified these challenges that
concern all three pillars of sustainability. Basic challenge is the increase of agricul-
tural productivity in a sustainable manner in order to meet the increasing demand.
However, towards that direction a sustainable natural resource base must be ensured.
Sustainable agriculture should also address climate change and the intensification of
natural hazards, preventing also transboundary pests and diseases. From the socio-
economic perspective, sustainable agriculture must aim towards extreme poverty
and inequality elimination, ending hunger and all forms of malnutrition. The basic
stimulants of human migration should also be addressed by improving income-
earning opportunities in rural areas. Moreover, resilience towards crises, disasters,
and conflicts should be increased while food systems must be made more efficient
and inclusive. All the above call for coherent and effective national and international
governance.

Many countries around the world adopt strategies towards sustainable agriculture.
For example, the Italian Government based the development of rural areas on four
critical domains. The first domain concerns the safeguarding of agricultural systems
in terms of economic efficiency, profitability, sustainability, and stability with
respect to crop, livestock, and forestry activities. The second focuses on the supply
of environmental services together with the mitigation of climate change along with
the preservation of natural resources and the protection of biodiversity. The third
domain includes the continuous and undisturbed production of safe and high-quality
food while the fourth involves the development of relationship between agriculture
and local communities focusing on the improvement of the quality of life in
agricultural areas.

The first chapter of the book “Towards Sustainable Agriculture: Challenges
from the Transition to the New Digital Era” describes the challenges faced by
modern agriculture in safeguarding food security and the need for transition towards
the new digital era. A variety of innovative technologies that aim at addressing the
challenges of modern agriculture in a sustainable manner are presented including
precision agriculture and alternative farming while the importance of farmers’ well-
being is also addressed through an overview of ergonomics in agriculture. Addition-
ally, the socioeconomic issues that arise from the adoption of technological innova-
tions are discussed along with the most important factors that influence their
effective integration.

Based on the experience, so far, from the application of cutting-edge technologies
in agriculture, there is strong evidence that they can contribute to improving the
sustainability of agricultural systems. However, for successful integration, the issues
that arise when farmers adopt innovative systems need to be addressed. These
technologies are constantly evolving, adapting to the growing demands of users,
making it difficult for unfamiliar users to adapt immediately. Also, the cost of these
technologies is another deterrent to their widespread application, especially in the
case of small agricultural systems, as their complete economic and technical analysis
is not yet sufficient. Taking the previously mentioned into account, the adoption rate
may vary among farmers while there is still no consensus with respect to the
attributes that favor or discourage the adoption of ICT technologies in agriculture.
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Nevertheless, a positive relationship is observed between adoption and wealth,
experience, education, participation in cooperatives, access to information, proxim-
ity, and size of farms as well as credit accessibility. It is undoubtful that ICT use
requires basic computer skills from the farmers’ side, while the role of specialists
(agronomists, researchers, etc.) must be redefined as fundamental for successful
guidance and training.

Nevertheless, farmers remain hesitant in adopting innovative technologies due to
the still uncertainty of the poorly presented sustainability benefits. The delayed
penetration of digital technologies in agriculture may impede the development of
the sector in a regional and international level. Thus, and as a first step before
investing in ICT technologies, farmers need to understand the potential benefits of
this adoption in terms of improving the sustainability of agricultural processes. To
this end, the chapter “Sustainability in a Digital Farming Era: A Cyber-Physical
Analysis Approach for Drone Applications in Agriculture 4.0,” attempts to
assess the integration of unmanned aerial vehicles (UAVs) in agriculture. The use
of Unmanned Aerial Systems for the facilitation of precision farming operations
constitutes a promising innovation as it facilitates the increase of production abiding
by sustainability principles. Indicative application of drones in agriculture may
include, among others, agrochemical spraying, livestock tracking, remote sensing
of crop and soil health, field maturity, harvest readiness as well as crop insurance
claims assessment. Moreover, the execution of monitoring tasks offers the most
important benefits of drones’ use. These tasks may include weed detection, assess-
ment of nitrogen treatments on crops, biomass monitoring, water stress identifica-
tion, and field mapping. Considering the severity of the consequences of water
scarcity on crop health, the chapter focuses on the facilitation of drone use for
sustainable farming processes, focusing on monitoring water stress providing infor-
mation for precision irrigation. Τwo research questions are posed by the authors that
are examined via a multi-method approach. The first concerns the benefits and
challenges associated with the application of UAVs in farming operations. The
second regards the applicability of “digital twins” in precision farming operations
for ensuring water stewardship.

For the first research question, a critical literature review was performed in order
to document the benefits and the drawbacks of UAV application in agriculture, while
for the second a framework for the analysis of “digital twins” is proposed. More
specifically, this methodological framework, focusing on UAVs, investigates the
differences between the cyber space analysis and the physical space testing of digital
technology systems. For that purpose, the water stress of individual trees was
monitored with the help of an emulation modeling tool that captures a UAV
navigating across a theoretical orchard. Using the model developed, two real-
world pilot case studies were examined in field. The UAVs use carried sensors for
water status monitoring of individual plants, feeding with information for precision
irrigation. The chapter contributes to the field by promoting an operationalization
perspective of digital technologies for sustainable agriculture. Simulations of real-
world conditions along with pilot implementations can assist towards the realization
of cyber-physical interfaces that lead to a more effective evaluation, facilitating the
integration of drones in agricultural activities.
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In the chapter, “Digital Technologies in the Context of Energy: Focus on the
Developing World Agriculture” the relationship between agriculture, rural elec-
trification, and digital technologies is investigated towards poverty alleviation,
especially in rural areas of the developing world. The United Nations have recog-
nized extreme poverty as one of the major challenges that world faces and rural
development is acknowledged as an important contributor for the eradication of
poverty in these areas. Agriculture, and the evolution of the processes and the
technologies used can play a vital role, being the single most important economic
sector in poor rural regions. To that end, the potential of investing on agricultural
electrification is examined, as it can strongly affect the quality and quantity of
agricultural production. The increasing of production leads to an increase in income,
triggering further economic activities, promoting overall development. Digital tech-
nologies are very important in the realization of rural electrification as they can
minimize costs of establishment, addressing also technical and non-technical issues
that emerge in the operation stage. Consequently, their application should be pur-
sued in order to rip most of the benefits in the future.

Achieving agricultural sustainability requires the holistic assessment of produc-
tion systems in the entire value-chain which is the aim of the chapter “A Circular
Precision Farming System Towards the Optimization of Dairy Value-Chains.”
The improper use of resources in agriculture (e.g., water, fertilizers, agrochemicals)
that is usually related to conventional agricultural practices contributes to the
majority of the adverse agricultural environmental impacts. The 10% of the total
greenhouse gas emissions in the EU-28 are attributed to agriculture. Enteric fermen-
tation from ruminants, manure decomposition as well as soil nitrification and
denitrification are considered as the main sources. In particular, agriculture contrib-
utes to over 90% of the ammonia emissions with the number increasing rapidly from
2012. These emissions come at a great financial cost for EU as, for example, the
impact of nitrogen pollution’s environmental impact which is estimated between a
total 70 and 320 billion euros per year. Considering the above, conventional farming
cannot be characterized as cost-effective while it contributes to environmental
degradation.

Farmers are very often unaware of the best practices that should be followed with
respect to the optimal management of livestock and the associated crops. The value-
chains created in that case are considered as non-optimal, while the lack of effective
data handling and processing leads to inferior production systems. For this reason, it
is necessary to convert the data into knowledge that can be used in decision-making.
In order to bridge that gap, multidisciplinary expertise is essential to monitor and
interpret interrelated agricultural indicators such as soil readiness, nutrient effi-
ciency, product quality, and animal welfare. Digital transformation and the penetra-
tion of ICT technologies in agricultural supply chains have led to the development of
a plethora of tools that mostly focus on partial solutions. However, a holistic
approach is needed in order to provide to farmers with useful and actionable advice,
towards efficient, consistent, and optimal results. Moreover, the simultaneous con-
sideration of circular economy principles in the development of ICT technologies
related to agriculture triggers the evolution of Circular Precision Farming Systems.
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Such systems integrate all the elements that synthesize a farming system, offering the
users a unified solution. The holistic approach of farm management results in input
reduction via efficient resource management, improving the sustainability perfor-
mance of production systems.

The chapter examines the realization of a Circular Precision Farming System. Its
requirements and basic elements are presented for two agricultural production
sectors: dairy farming and crop production. In such complex value-chains, as the
ones created with livestock farming and the crops grown for feed, decision support
systems are essential in guiding stakeholders towards appropriate actions in the
entire supply chain. Tangible benefits include profit maximization, improved envi-
ronmental footprint, and risk minimization.

Health and safety of workers is one of the most important indicators of social
agricultural sustainability. The sector employs a very large number of workers
around the world, while the advent of technological advances has considerably
increased their quality of living. Nevertheless, the occupations of the sector can be
still listed among the most dangerous. Agricultural workers operate under extreme
conditions and working environments, while the nature of the tasks they perform is
physically challenging. Depending on the working conditions, there is a plethora of
health problems faced by farmers around the world, including respiratory, cardio-
vascular, and skin disorders, reproductive impairments, various types of cancers,
heat and illnesses related to the use of agrochemicals as well as noise-induced
hearing loss. Fatigue is also one of the most important factors causing health
problems to farmers. The nature of the work they perform requires repetitive
movements (e.g., bending, kneeling, and lifting) and also abnormal posture of the
body leads to a high frequency of musculoskeletal problems. Furthermore, new
sources of danger have emerged due to the mechanization of the sector, as for
example whole body and hand-arm transmitted vibration, that induce new syn-
dromes that require further examination.

Taking the above into consideration, the protection of agricultural workers
requires actions for the reduction of the danger in the performed tasks or their
replacement using engineering and administrative controls along with the ultimate
use of protective equipment. The chapter “An Analysis of Safety and Health Issues
in Agriculture Towards Work Automation” presents an overview of all the
hazards and health problems related to the execution of agricultural tasks, further
to the risk assessment and control measures towards their mitigation. Besides the
development of effective management policies, the importance of the consideration
of human factors and ergonomics in the solutions given is emphasized.

Safeguarding agricultural sustainability through the adoption of ICT technologies
brings to the surface the need for integrated management of production systems.
More specifically, in order to sustainably plan agricultural tasks, a thorough exam-
ination of agri-food systems is required. At the same time, the lack of awareness in
the assessment of territorial values is emerging due to the increased farmland
consumption. Considering the above, smart agriculture as a driver of sustainable
agriculture should also be aimed towards spatial planning for its successful
development.
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The size of production units and agricultural holdings as well as their structure, in
combination with land availability, the health of soils as well as the relevant
availability of resources constitute the main factors with respect to the investment
in innovative technologies. Smaller agricultural units imply smaller availability of
financial resources for investments. Respectively, the reduction of production cap-
ital, with the loss of land or water due to urbanization, further diminishes the
potential investments on sustainable practices, deteriorating the effective assessment
leading to agricultural crisis. The implementation of sustainable spatial planning, in
conjunction with the introduction of new generation smart farming, can contribute to
the reduction of inputs through the effective management of cultivations.

The above, in the long term, can lead to increased food security as well as land
protection not only through the preservation of non-renewable resources but also
through the timely forecasting and treatment of adverse weather events, thus
safeguarding the preservation of the landscape. It is therefore easily understood
that innovative technologies provide opportunities for the effective spatial planning.
The availability and interconnection of data can expand the development options
considering also sustainability parameters. However, for the successful implemen-
tation and effective absorption of the above, cooperation and participation of all the
relevant stakeholders, such as farmers and policy makers, is necessary.

Contributing to the above, the chapter “Smart Farming as a Game-Changer for
Regional-Spatial Planning” aims at investigating the way that smart farming (and
its evolution) can be affected by strategic planning and policy options while empha-
sis is given on the expression of the economic, social, and ecological policies of a
region on its general spatial planning. The cooperation between farmers and policy
makers should be promoted, aiming at safeguarding sustainable development
through the improvement of food security. The so-called Strategic Farms, which
are agricultural holdings that integrate ICT technologies in the cultivation process,
can play a fundamental part towards that direction. The wider cooperation between
stakeholders of different regions can effectively promote the adoption of the new
concepts in the emerging strategies.

The 2030 Agenda for Sustainable Development and the 2050 EU’s vision are
enabled through contribution of regional/spatial planning towards the promotion of
smart farming. Therefore, in the first chapter of the second part of the book, the effect
of strategic development that focuses only on urbanization, on the developing trend
of smart farming was examined along with the potential obstacles created for
farmers. During the recent decades, industrial and commercial land uses (along
with extended residential areas and construction sites) prevailed that of agricultural
holdings. Nevertheless, the farmers’ investments on innovations that improve the
sustainability and quality of their products need to be appreciated during spatial
planning by offering farmers of increased available land.

For the effective integration and development of digital agriculture, there are a
number of primary issues, which are related to primary production and must be taken
into account. These issues include the conservation of land, water, plant and animal
genetic resources, biodiversity and ecosystems, the prevention of soil sealing, the
confinement in change of available agricultural and forest and other semi-natural
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areas as well as the limiting of the transformation to urban artificial land. Addressing
these issues is of utmost importance for smallholder farmers, being the foundations
of spatial/regional planning, at a variety of levels. The study taking the example of
Italy identified the gap between development strategies at global level and regional/
spatial planning which impedes the efforts of agriculture towards achieving SDGs.

In order to address these challenges, a decision-making framework is proposed
which considers a complex system for urban and regional planning. Basic aim is to
incorporate smart farming into regional/spatial planning by identifying “Strategic
Farms” as rural sustainable development factors. Preserving food security in soils
used for agricultural production leads to further benefits related not only to the
conservation of soil and water but also the protection from natural phenomena,
thus enhancing the possibilities of enjoying the landscape. That is why the connec-
tion of agri-food systems with the corresponding soil systems reveals the way in
which strategic spatial planning affects the availability of financial resources and
consequently the willingness of producers to invest in innovative practices. Given
the above, it is understood that in order to promote the penetration of the 4.0
revolution in agriculture, there must be progress at local, regional, and global
level. Innovative technologies support the holistic management of agriculture and
food systems. The vertical management of the agricultural industry without the
simultaneous evaluation of land uses leads to irreversible results as in this way
agriculture achieves its economic but not its environmental goals.

In summary, the first part of the chapter tackles with the future of the development
of smart farming examining the most important concerns and opportunities along
with potential strategy possibilities for planners and policy makers in Europe.
Firstly, the Agenda 2030 key challenges for smart farming are presented which
include the increasing of available food along with the achievement of higher quality
standards with respect to safety, environment, welfare, energy, and climate change.
Subsequently, and in order to guide farmers towards the digital evolution, the
consequences of spatial planning on agri-food systems are examined. Finally, the
inconsistencies between global development regional/spatial planning strategies are
examined, as they form the framework conditions for the development of smart
farming. Since farmers, through innovation, aim at improving the environmental and
social performance of their production, their intention should be considered thor-
oughly during spatial planning, while possible approaches towards that direction
should be made available to policy makers and planners.

Adding on the importance of regional/spatial planning, the chapter “Agriculture
in Latin America: Recent Advances and Food Demands by 2050” investigated
the potential of agriculture in Latin America. Having a quarter of the world’s arable
land and a third of the world’s freshwater resources, Latin America and the Carib-
bean can become major contributors in achieving food security in the planet. To the
above it should be added that these regions are responsible for 15% of the global
export of agricultural products, being the world’s largest net food exporting region.

More specifically, the chapter summarizes the current state of agriculture in Latin
America, along with the most recent developments for the increase of production via
advanced processes that simultaneously aim at mitigating the adverse climate and
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environmental impacts of agriculture. These advancements aim at maintaining food
security for the continuously growing population, meeting the relevant demand
projections for the year 2050. The issues elaborated in the chapter include the impact
of these regions to climate change, the policies that are used to increase the
production of food, the area suitability for agriculture as well as the projections on
food demand for 2050, taking into account that these areas’ population growth rates
rank third below the Asian and African regions.

The chapter “The Development Opportunities of Agri-Food Farms with
Digital Transformation,” having as a case scenario Italian agri-food farming,
aims to provide a picture of the perception that agricultural operators have about
the opportunities and limitations related to the adoption of intelligent agribusiness as
a part of the digital transformation of agriculture. Authors analyze digital transfor-
mation to identify new approaches and opportunities in the agri-food sector based on
integrating participatory planning and a novel approach based on suitable tools to
acquire and process qualitative and quantitative information concerning the possible
alternative scenarios of digital transformation. Results show that the Italian agri-food
sector has begun to understand that digital innovation is a strategic lever able to
guarantee greater competitiveness to the entire supply chain, from production in the
field to food distribution.

However, it becomes clear that simply introducing technologies is not enough to
generate results. Digital transformation requires social, economic, and policy sys-
tems to provide the basic conditions and enablers for digital transformation. It is
worth mentioning here the “law of disruption” stating that although technology
changes exponentially, economic and social systems change progressively.

Towards that direction the chapter “Precision Agriculture’s Economic Benefits
in Greece: An Exploratory Statistical Analysis” attempts to examine innovations
in agriculture in Greece with the view of their economic benefits. Basic aim of the
work is to group Greek regions with respect to the crop type, size of arable land, the
process innovations used, and the eventual economic benefit. Three groups were
identified. The first group includes the regions of Eastern Macedonia and Thessaly,
where the largest agricultural plains are located (fields greater than 40 hectares). This
group mostly consists of no horticulture crops, improved sowing, and improved
plant disease prevention. Nevertheless, there are no improvements in the use of
fertilizers, irrigation, and harvesting while no advancements are reported in labor
productivity and the quality of the final products. Even though the latter are not as
important as the former, the results indicate that the economic benefits of those
regions derive from the availability of land rather than the implied application of
innovative technologies such as variable rate planting/seeding (VRP/VRS)
and UAVs.

The second cluster concerns the regions of Epirus, Peloponnese, and Crete which
contains mostly no arable crops, arable lands below 20 hectares as well as permanent
crops. No improvements in sowing are indicated by the research, but a series of less
intense characteristics were identified including improved fertilizer use and irriga-
tion. This group is mainly characterized by permanent crops and small arable land;
however, only a small number of innovative technologies have been used recently
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(e.g., variable rate nutrient application - VRNA and variable rate irrigation - VRI)
with no tangible economic benefits. The third and last group involves farmers in
Western and Central Greece and mostly includes horticulture cultivations. This
group applies improved harvesting, ploughing, and agricultural machinery use and
demonstrates improved labor productivity, increased income, and quality of final
products. In addition, precision agriculture (PA), machine guidance (MG), and UAV
are also applied, making this group the only one with tangible economic benefits
compared to the other two.

Taking the convention that a business can be characterized as innovative in case it
applies at least one innovation in the last 3 years, it is conducted that Greek
agriculture is innovative; however, the economic benefits are not calculable yet.
More specifically even though all groups displayed innovation on the applied
processes, only the third demonstrated economic benefits. The differences between
the examined clusters are observed in the crop type and the number of innovative
processes. The first group mostly includes arable and the second permanent crops
while the third mostly horticulture crops. Simultaneously, in the first two groups two
types of innovation are observed while in the third group, which includes the most
benefited farmers of Western and Central Greece, there are three. Considering the
above, the authors conclude that horticulture crops are considered as more produc-
tive, requiring less arable land than the other crops while greenhouses provide with
safety against extreme weather conditions which is a major concern for farmers.
Additionally, for economic benefits to start increasing, a minimum of three types of
innovations should be applied in the farm.

Τhe acceptance of the digital transformation of agriculture requires the successful
dissemination of these technologies to the stakeholders through the establishment of
interaction methods among users. The development of user-friendly interfaces can
benefit the progress of smart agriculture. Simultaneously, the integration of innova-
tive technologies into existing environments with the users that is already familiar
can further assist to the diffusion of digital transformation. The chapter “AI-Based
Chatbot System Integration to a Social Media Platform for Controlling IoT
Devices in Smart Agriculture Facilities” introduces an easy-to-use, efficient, and
safe framework for the operation of IoT agricultural devices in natural language
dialogs, via the development of an intelligent Conversational Agent (chatbot) using
Artificial Intelligence (AI). As a communication user interface, an instant messaging
application of a popular social media platform is used. The users are offered with
context-aware services with respect to monitoring and controlling agricultural facil-
ities through question-answer sessions. Due to its technological readiness and
features as well as its high penetration to mobile users, the messenger application
of “Facebook” was chosen for the implementation. According to the conclusions of
the research, the use of an intelligent conversational agent via a popular social media
platform contributes to the maximum penetration of IoT technologies in the agri-
cultural sector, in the most effective and user-friendly manner.

Familiarity with state-of-the-art technologies mainly concerns older farmers who
need training to understand them and incorporate them into agricultural processes.
Younger farmers are already familiar with ICT technologies in their everyday life,
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thus the use and the development of ICT technologies has to be integrated into their
education programs in order to create effective and flexible learning environments.
Flexibility in education is becoming in recent times imperative as certain external
factors, as the COVID-19 pandemic, have created extra burden on institutions that
struggle to safeguard the continuity of education. These new needs have increased
the interest in online education even though its strategic importance in addressing
global need of education has been stressed for decades. However, online education
has fundamental differences from conventional teaching, and consequently new
pedagogical approaches are required especially since until now little attention is
paid during the development of online educational material.

A number of institutions worldwide have integrated online programs for resident
and distance learning. However, mostly budgetary constraints impede the progress
of the adoption of online learning platforms for many educational institutions.
Online teaching and learning are considered as an opportunity to promote creativity,
critical thinking, and entrepreneurship to students, modernizing conventional edu-
cation. This is the reason why it is preferred mostly by higher education institutions.
Nevertheless, the challenge is to discover the ways to efficiently introduce online
teaching in educational programs. The above also apply for agricultural, biological,
and engineering educational programs with the added challenge of obtaining the
necessary resources (financial and infrastructure) for such courses considering their
applicational nature.

Addressing the above issues, the chapter “IT in Education: Developing an
Online Course” investigates the integration of ICT technologies in education.
Towards that direction the elements of the learning environment for online teaching
are presented along with the required outcomes and objectives that constitute the
desired student behavior. For the enrichment of the above, the basics of learning
theory are presented followed by the best practices that should be followed in
delivering online courses. Moreover, the differences of instructional and curriculum
design are presented, and also the guidelines for designing an online course. The
chapter also provides with information for the flipped classroom concept and also the
relevant tools that can be used for online teaching.

The chapter “Assisting DIY Agricultural Robots Towards Their First Real-
World Missions” deals with the issue of the continuity of robotic skill sets obtained
through high school and university level education practices that leads to a notice-
able gap is between educational and commercial agricultural robotic solutions. This
gap should be closed in order to promote future engineering careers, as it can be
inferred by observing successful attempts that bridged education and future employ-
ment by moving educational effort to mass production. Considering the above, the
chapter investigates the potential of transforming university level DIY robotic
solutions to marketable products to be able to perform real-world missions. To
perform considerable agricultural operations, these vehicles should at least have
adequate accuracy and power. The recent advancements in the electronics industry
has triggered the development of a large number of devices with a plethora of
attributes at a reduced cost. The benefits of this increase in accessibility and
affordability are ripped from both students that can develop marketable products
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in the context of their education and also from entrepreneurs that can design tailored
products at lower prices. A project-based learning model (PBL) approach is built
upon a previous work on creating/upgrading electric vehicles that can undertake
light-duty agricultural tasks. The approach design was based on cost-effectiveness
and avoiding complicated processes, focusing on the use of everyday, simple
material and electronic components. In the context of the work, two applications
are presented. The first concerns a vehicle that performs all-terrain soil-specific
measurements and the other a robotic sprayer for fertilizers, pesticides, and herbi-
cides. The basis of both platforms includes Arduino uno boards and raspberry pi
units for more complex scenarios along with the use of navigation units (e.g., navio2
and pixy2 cameras). The vehicles were controlled through various methods (e.g.,
smart phones) while basic automatic control functions were employed. Simple
Artificial Intelligence (AI) modules were also integrated in the testing process and
both visual and textual programming interfaces were utilized for designing the
platforms’ logic. Wi-Fi was used for the majority or remote operation scenarios;
however, for longer controlling distances, LoRa interfaces were also deployed.
Lastly, the use of small solar units in order to increase the autonomy and efficiency
of the platforms was also examined.

With respect to actions taken inside educational institutions for the evaluation of
technological innovations, the chapter titled “Evaluation of Spray Coverage and
Other Spraying Characteristics from Ground and Aerial Sprayers (Drones—
UAVs) Used in a High-Density Planting Olive Groves” attempts to compare the
performance of the most common ground sprayer types against a spraying drone in a
high-density olive grove located in Perrotis College of the American Farm School of
Thessaloniki, Greece. The work aims at addressing best-practice issues faced by
farmers with respect to the accurate estimation of coverage percent, uniformity,
drifting, etc. of spraying materials. The development of Unmanned Areas Systems
offers new potential to farmers; however, these systems haven’t yet been adequately
evaluated with respect to their performance. In order to evaluate the spraying
coverage and certain other characteristics Water Sensitive Papers and scanning
software were used. The results highlighted the potential of drones with respect to
material savings and efficiency increase, while important differences were observed
between the different types of sprayers. Among the most important limitations of the
use of unmanned systems is the deficiencies in the EU legislation.

The rapid progress of digital strategies has revolutionized conventional marketing
tactics, thus in order to attract new potential customers, the approaches used within
logistics sites must be re-evaluated. For efficient decision-making, developers,
marketers, and designers need to take into account the complicated and
interconnected behavioral characteristics of the users. Towards that direction in the
chapter entitled “Predictive Model for Estimating the Impact of Technical Issues
on Consumers’ Interaction in Agri-Logistics Websites,” an identification
approach of the various correlations existing between the variables which affect
the efficiency of the digital marketing strategy is presented. Based on existing
literature, the presented work sets as a hypothesis that the existing correlations
between different web-variables have a direct impact on the efficiency of an agri-
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logistic digital marketing strategy. This hypothesis is considered with a view to
prognosticate the most efficient digital marketing strategies that can be employed by
agri-logistic websites and, as a second step, to enable the long-term forecast of
digital marketing within the agri-logistic sector. A three-stage methodology is
presented starting with the extraction of numerous web analytics from different
world-leading agri-logistics websites followed by a statistical analysis for the exam-
ination of possible intercorrelations between the web analytics metrics, and finally a
Fuzzy Cognitive Map (FCM) approach was implemented to build a predictive model
as the basis for a process and agent-based simulation model for the evaluation of the
consumers’ interaction in agri-logistics digital marketing.

In conclusion, the fourth book of the series Information and Communication
Technologies for Agriculture under the theme Actions investigates the implemen-
tation of cutting-edge technologies on real-world applications. From the compilation
of the chapters presented, it becomes apparent that the penetration of ICT in
agriculture can result in several benefits related to the sustainability of the sector.
However, to yield the maximum benefits successful management is required. It must
also be highlighted the importance of proper education in the adoption of innovative
technologies starting from the adaptation of educational systems to the new era and
moving to the familiarization of farmers to the new technologies.

Thessaloniki, Greece Dionysis D. Bochtis
Lincoln, UK Simon Pearson
Thessaloniki, Greece Maria Lampridi
Thessaloniki, Greece Vasso Marinoudi
Gainesville, FL, USA Panos M. Pardalos
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Towards Sustainable Agriculture:
Challenges from the Transition to the New
Digital Era

Maria Lampridi, Vasso Marinoudi, Lefteris Benos, Simon Pearson,
Dionysis D. Bochtis, and Panos M. Pardalos

1 Main Challenges Placing Pressure on Modern
Agriculture

“Food security exists when all people, at all times, have physical and economic
access to sufficient, safe and nutritious food that meets their dietary needs and food
preferences for an active and healthy life” [1]. This is a concise widely accepted
definition that elucidates the food security, stated after the report of the World Food
Summit in 1996. In particular, the objective of the Sustainable Development Goal
2 (usually abbreviated as SDG 2) is to eliminate hunger and malnutrition worldwide
by 2030 by guaranteeing that all people, and especially children, have enough food
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every day. Generally speaking, a stable environment within every country consti-
tutes a key factor for the accomplishment of the desired sustainable food security.
The bulk of the population which is undernourished neither can afford to buy the
necessary products for their livelihood nor have the ability to produce their food. The
backbone of the effort for meeting the ever-increasing needs is arguably agriculture,
a sector whose development thousands of years ago transformed the style of human
life. However, modern agriculture has to overcome some very crucial challenges
which put a lot of pressure on it. These challenges are summarised in Fig. 1, while a
brief description of them follows.

First of all, the global call for food is expected to drastically be intensified owing
to the imminent explosion of the population in earth. This increase in food produc-
tion has to be on the order of 60–70% by 2050 [2, 3]. In addition, malnutrition, as
well as poverty and hunger, is among the primary reasons of the increasing rate of
the migration leaving rural areas for urban ones, with the global urban population
proportion having risen to 50% in 2010 (from 28.3% that was in 1950) [4, 5]. More-
over, the diet is being altered as a consequence of the growing urban population with
an increasing demand in animal protein [6]. This transition to a “Western” diet,
which is also associated with high intake of added sugar, refined fats and low
intake of vegetables and fruits, has introduced additional challenges for environ-
mental sustainability and health [7]. Raising livestock corresponds to 25% of the
amount of water used in agriculture, which, in turn, accounts for approximately 18%
of greenhouse gas emissions caused by humans [8]. As far as the health impact is
concerned, this dietary shift remarkably increases the incidence of coronary heart
disease, type II diabetes and other chronic diseases that lessen the life expectancies.
Alternatively, widely adopted healthier diets could reduce the gas emissions, water

Fig. 1 Summary of the main challenges placing pressure on modern agriculture
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use, eutrophication, land clearing coming from agriculture and contribute to the
prevention of diet-related diseases [9].

One additional issue to be addressed is whether the natural resources are suffi-
cient. Interestingly, a large amount of global farmlands has been degraded [10],
namely 10–20% of lands around the world [11]. The land degradation can be
characterised as a process of loss or lessening of the biological productivity, with
the final state being that of desertification [12]. The loss of the ability of soil to be
recovered is attributed principally to the unsustainable practices like intensive
tillage. A cause of degradation of farmlands is also the deforestation, with about
80% of the global deforestation being associated with agricultural concerns
[13]. Although deforestation for making farmland itself does not necessarily cause
soil degradation, it becomes a risk factor indirectly through eroding water resources
followed, many times, by poor management. The final conclusion is noteworthy as
even though the irrigation systems have enhanced their efficiency, the ever-
increasing population make the scarcity and security of water a real concern.
Besides, soil erosion can be provoked by vegetation overcutting as well as inappro-
priately crop rotations instead of balanced ones, unsustainable fallow periods and
livestock overgrazing. In order to maintain crop yields or restore them, farmers
utilise fertilisers. However, this intervention can result in soil-nutrient imbalance.

In 2012, the necessity for imperative actions to reverse the land degradation was
stressed by the United Nations Conference on Sustainable Development [14]. This
international awareness resulted in a political document that involves practical
measures in order to implement a sustainable development for achieving a “land-
degradation neutral world”. The zero-net land degradation concept/requirement
stands for not giving up those lands which have lost their productivity, while
recognises that action has to be taken both locally and at international level by
implementing integrated strategies for assuring food security. According to Chasek
et al. [10], the land degradation neutrality concept relies mainly on two prerequisites,
which are: (a) The realisation that fully prevention of land degradation is too
ambitious and (b) The land degradation rate can be decreased.

Another important aspect that has to be considered is that the world’s biodiversity
is currently under threat by virtue of direct impact of climate change [15, 16]. This
issue is driven because of the wild natural habitats conversion to agricultural fields
and the subsequent soil organic matter loss [17]. In addition, it is well-known that the
diversified and relatively small farms demonstrate higher productivity per area as
compared with the large monocultures. This phenomenon is known as “inverse farm
size-productivity relationship” or as “paradox of scale” [18, 19]. For the sake of
accomplishing productive and resilient smallholder systems, policies regarding food
security should accentuate a rise in agroecological capacity. This entails sustainable,
eco-efficient and environmentally friendly approaches for managing diversified
cropland [20, 21]. Moreover, pesticides should be avoided, as much as possible.
At the same time, soil fertility strategies should be integrated by intensifying
production in tandem with preserving functional biodiversity, thus, staying away
from potential environmental risks that smallholders face with [22]. The decisions
pertaining to climate adaptation investments differ in scale ranging from distribution
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of funding among the worldwide biodiversity hotspots to identifying optimum
investment in the connectivity of continental habitats, to initiatives for keeping the
biodiversity in a specific region [23].

To make matters worse, agriculture is greatly affected by climate change via a
bidirectional cause-effect relationship. The term “climate change” encompasses the
global warming and the consequential large-scale changes of weather patterns. On
the one hand, the agricultural practices produce considerable amounts of green-
houses gas emissions, which are related to intensive farming systems according to
the Intergovernmental Panel on Climate Change [24], that definitely affect climate.
The agricultural sector has the higher share of emissions concerning methane and
nitrous oxides. The increase of the concentration of the greenhouse gases in atmo-
sphere causes subsequent increase in temperature. On the other hand, high values of
CO2 concentration, for example, is associated with drought stress resilience [25],
since under these circumstances plants require less stomata to be open and subse-
quently lose less water via the process of transpiration. This can lead to the increase
of water use efficiency. Nonetheless, in some places on earth, especially in the
tropics, increased values of CO2 concentrations probably could not compensate to
the climatic change and crop yield is anticipated to be reduced [26]. Moreover, the
temperature rise along with alterations in the regime of precipitation has not only
negative consequences on the quality, volume and stability of the agricultural
production, but also on the environment in which the agricultural practices take
place [27]. As in the above CO2 concentration example, although the crop growth
may be enhanced due to higher temperatures, when the temperature values exceed a
critical threshold, crop yields can decline [28]. Climate change is responsible for
important unfavourable impacts on plenty of aspects such as food security, human
health and water resources [29]. Side effects of the aforementioned change of climate
are the increase in the precipitation variability, the existence of floods and droughts
that turn out to decrease crop yields. Additionally, the existing problems that are
related to the environment and have already been mentioned, like soil degradation
and groundwater depletion, are expected to be escalated on account of the climate
change. A plethora of studies exist in the recent relative literature on climate impacts
and possible adaptation strategies, including [30–34], indicating that this
multidisciplinary area is of great scientific concern. The degree at which the food
security will be affected by the climate change depends on the Gross Domestic
Product (GDP) of a nation, adaptability and its geographical location. Predictions
indicate that since developing countries have limited resources so as to adapt to the
changes, they are going to suffer more due to extreme weather phenomena and
temperature variability [33].

An additional challenge, that modern agriculture faces, is the food loss and waste
[35, 36]. According to FAO [37], food loss refers to the food reduction or quality in
the chain as a result of the actions and decisions of food suppliers. In contrast, food
waste is related to the reduction of the quality or quantity of food as a consequence of
the actions and decisions of consumers, food service providers and retailers. Food
can be wasted throughout the supply chain because: (a) The fresh product deviates
from the optimal colour, size and shape, (b) Large amounts of edible food are often
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discarded from both eating establishments and household kitchens and (c) Products
which are close to the “best-before” date are often thrown away by consumers and
retailers. Approximately 33–50% of all the foods that are produced on earth is never
consumed, whereas at about 800 million people are hungry [38]. A both remarkable
and alarming statistical evidence frequently mentioned in literature is that if we
consider the food waste as a nation, this nation would account for the third most
reported emitter of gases associated with greenhouse phenomenon, after the coun-
tries of China and the United States [39]. In fact, food waste constitutes a massive
market inadequacy whose kind is not presented in other industries. It is noteworthy
highlighting that, overall, it is not only the fact that natural resources are misspent,
but also that the lost food creates methane during its decomposition that is very
harmful. Eliminating both food waste and loss is a key challenge in favour of
establishing a “zero hunger” world as well as safeguarding sustainable production
and consumption patterns with positive effects on both livelihoods and climate
change.

There are also a lot of illnesses that have been identified via community-based
epidemiological studies in the whole world. In particular, it has been recognised that
there is an urgent need to prevent farmers from pesticide-related illnesses, hearing
loss, cancer cases and respiratory diseases [40, 41]. Concerning the pesticide-related
illnesses, the exposure to them may be via inhalation, ingestion or contact with
workers’ skin. The duration of the exposure, the kind of pesticide and each farmer’s
health status are determining factors regarding the health outcome. Pesticides can be
accumulated within body fat, metabolised and excreted [42]. The numerous adverse
effects in human health include dermatological, carcinogenic, neurological, repro-
ductive, gastrointestinal and endocrine effects [43]. Furthermore, there has been an
important increase of the farmers’ exposure to toxic gases, bioaerosols, organic and
inorganic dusts which are related to a number of respiratory diseases including
bronchitis, non-immunogenic bronchospasm and sinusitis. The most widely studied
respiratory disease comes from the organic dusts exposures, such as animal feeding
operations and grain processing, while inorganic dusts exposure is originated from
soil components and is a hazard especially at dry climate regions, like California for
instance [44]. Finally, epidemiologic studies have related farming practices (such as
phenoxyacetic acid herbicides and pesticides) with cancer cases. In brief, agricultural
activities have been reported to be associated with leukemia, multiple myeloma,
non-Hodgkins lymphoma, melanoma, prostate and soft tissue sarcoma, to mention
but a few [45]. Nevertheless, more research is necessary as a means to establish
causality.

Last but not least, musculoskeletal disorders (usually abbreviated as MSDs) are
the most widespread of all non-fatal disorders in agriculture, particularly those which
take place during labour-intensive practices [46, 47]. MSDs cover a wide range of
injuries and pains including back, neck and knee pain as well as upper and lower
limb disorders. Agricultural workers are at high risk of developing MSDs, because
of their interaction with machines, the required physical demands and the repetitive
nature of activities. In the Netherlands for example, approximately 61% of the leave
claims were by reason of musculoskeletal injuries [48], while in France MSDs
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correspond to the 93% of the evidence for compensable work-related agricultural
diseases [49]. According to the recent review study in [50], central risk factors
include repetitive kneeling, lifting of heavy cargo, trunk flexion and working
under awkward postures of trunk and wrist. Interestingly, low back pain is identified
as the most prevalent symptom, although hip and knee osteoarthritis is also highly
affecting the ability of farmers to labour and to maintain a livelihood [51]. Finally,
machineries with driving seats appear to be related also to painful low back syn-
dromes, while handheld machines are strongly associated with upper extremities
disorders. As concluded by Benos et al. [52], who conducted a survey on ergonomics
in agriculture on the subject of mechanised operations, the main reasons of this kind
of pains are the whole-body and hand-arm transmitted vibration, respectively.

2 Sustainable Ways to Meet the Challenges

2.1 Need for Sustainable Precision Agriculture

Taking into consideration the above discussion regarding the main challenges that
have to be addressed, it can be deduced that there is an urgent need for increasing the
degree of effectiveness of the agricultural practices with simultaneous reduce of the
environmental burden. As a consequence, these two prerequisites drive the evolution
of agriculture towards precision agriculture and smart farming systems in order to
establish sustainability and a safe environment.

Agricultural sustainability should evaluate not only environmental issues, but
also social and economic challenges associated with the agricultural practices
[53]. Generally, sustainability assessment and implementation are very challenging
tasks involving a plethora of different variables to be considered. According to the
study of Lampridi et al. [54] on agricultural sustainability, the above variables refer
to agricultural practices, economic viability, technological level, stakeholders, type
of machinery, storage, transportation, agrochemicals, fertilisers, pesticides and crop,
location of cultivation and climatic conditions. By investigating the relative literature
of the last decade, they concluded that between 2016 and 2019 the interest on
agricultural sustainability had been increased. The most common methodologies
take account of frameworks, indexes and indicator-based tools. Furthermore, the
participation of stakeholders was proved to be fundamental in defining the sustain-
ability level, while the impact of input management and resource usage was mostly
studied. Normally, there is no consensus about the agricultural sustainability assess-
ment standardisation. A lot of methodologies have been developed [55]. Among
those methodologies, life cycle appraisal is widely used [56], while also several
indicator-based techniques exist considering various methods that use different
approaches with respect to the agricultural sustainability definition, objective and
intended users [57].

Pesticides, fertilisers and water are no longer applied uniformly across the entire
rural regions. Instead, precision agriculture uses the minimal needed quantities and
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targets them towards very specific sites. Hence, its purpose is to improve the
agricultural activities by guaranteeing maximal productivity with reliable measure-
ments for the sake of providing an extensive overview of the processes taking place
in the farmlands. Precision agriculture appeared in the mid-eighties. Today, the
concept has been upgraded and adapted to various crops, practices and countries
depending on cropping system, soil conditions and countries, while it is constantly
evolving. The contemporary precision agriculture includes also full and partial
automatic guidance of agricultural vehicles [58, 59], traceability of the products
within supply chains [60, 61], software concerning the agricultural production
systems management [62] and on-farm research, to mention but a few. The activities
aim at optimising natural resources usage, energy consumption and chemicals
pertaining to plant growth as well as pest and weed control. To put it simply,
precision agriculture tries to implement the following coincident requirements; the
right handling in the right place and time by exploiting the available technologies at
that time [63, 64].

Smart farming lies on four pillars, each one of central importance: (a) Optimal
management of the natural resources, (b) Landscape and ecosystem conservation,
(c) Adequate services and (d) New technologies for farmers as a means to apply the
essential changes [65]. In fact, the agricultural sector is undergoing the so-called
“fourth revolution” or “agriculture 4.0” [66, 67] motivated by the exponentially
increased application of Information and Communication Technology (ICT)
[68]. ICT is an essential prerequisite for the precision agriculture implementation
and is supported by policy-makers on a global scale.

Although technological innovation has been gradually implemented throughout
the previous decades, current technological outbreak has the potential to reinforce
agriculture for enhancing the food value chain and addressing the mounting needs of
consumers. Undoubtedly, the responsible innovation concept must underpin the
agriculture 4.0. In other words, agriculture 4.0 should make sure that novel technol-
ogies, which are developed to optimise both productivity and eco-efficiency, will
also meet human needs and be socially responsible. The concept of responsible
smart farming is not well-established in agriculture [67]. The study of Eastwood
et al. [69] for responsible innovation regarding smart dairying gives a valuable initial
point for developing a framework. In this fashion, it should be mentioned that the
three ways that agriculture 4.0 follows to meet the challenges are, apart from ICT,
non-conventional farming techniques and novel technologies [70]. While the last
two categories are very important, they are beyond the scope of this book. Never-
theless, a synoptic description follows for the sake of completeness. As far as ICT is
concerned, it contains a large variety of technologies that are described in detail in
other chapters of this book series. An illustrative graph of these state-of-the-art
technologies that are going to contribute to meet the challenges that put pressure
on modern agriculture can be seen in Fig. 2.
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2.2 Alternative Farming Techniques

Regarding conventional farming techniques, adverse factors of soils, such as inap-
propriate soil, soil compaction or degradation, poor drainage and the presence of
nematodes and microorganisms causing diseases, prevent the effective growth of
crops [71]. However, technological advancements offer the basic elements to over-
come these limitations. In particular, the greenhouse industry constantly develops
new technologies to adapt to the requirements of the new market [72]. For that
reason, soilless crops techniques have been developed such as hydroponics
[73]. This kind of horticulture utilises mineral nutrient solutions in aqueous solvents
for growing plants without soil by exposing their roots to the nutritious liquid
[74]. An inert medium, like gravel and perlite, can support the roots. The nutrients
can come, for example, from chemical fertilisers, artificial nutrient solutions and fish
excrement. Since these farming systems do not prerequisite fertile land for the sake
of being effective, they need less space and water when compared to the conven-
tional systems. Current technologies have contributed to the diversification of water
sources regarding irrigation in sites where these sources are the major limiting issue,
including the use of desalinated seawater, rainwater or reused water [75–77]. Also,
they can support vertical farming production, that obviously increases the crop
production per area of land, while as they are practiced under a controlled environ-
ment, they can support non-stop production all year round [78]. Vertical farming is
the novel practice pertaining to the growing of crops within vertically stacked layers.
It is related to the large scale urban farming of vegetables, fruits and grains inside a
building which has been manufactured in such a way that can accommodate specific
kinds of crops by using hydroponics [79]. Remarkably, the recently emerged
COVID-19 pandemic and the precaution measures that were taken to “flatten the
curve” (such as lockdown, quarantine, border shutdowns, prohibition of key staple

Fig. 2 Different technologies and techniques to meet the challenges
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foods exports, etc.) particularly tested the supply chains resilience and displayed the
fragility of cities to unanticipated food crises [80]. Urban agriculture with emerging
practices (such as hydroponics, rooftop greenhouses, aquaponics, aeroponic and
vertical farming) might be a viable solution to these kinds of challenges in conjunc-
tion with offering a chance to realise urban organic waste treatment, water recycling
and resource circularity [81, 82].

Taking into account the increasing needs for food, the world should turn also to
other techniques like seawater and desert farming. Contrary to the problem of
desertification that was mentioned above, the potential to transform deserts into
arable farmlands may constitute a global answer to climate change and world hunger
[83]. As agriculture lies on water supply, farming at arid regions is definitely a
challenge but, at the same time, a reality. This alternative approach integrates
different technologies to desalinate water for the required irrigation, operate these
greenhouses and produce electricity from solar power. Automated water recovery is
used to revegetate and improve the soil conditions of the surrounding lands. These
systems allow crops growing throughout the entire year with considerable yields and
by halves water use [84]. As far as seawater farming is concerned, it addresses the
undesirable soil conditions as well as the lack of proper water for farming operations
in coastal regions. In these systems, saltwater is used rather than freshwater to enrich
the soils and support a variety of rural activities. Indicative projects regarding desert
farming are running in Australia and Saharan countries [85], while seawater farming
is taking place in several countries including Eritrea, Mexico, the United Arab
Emigrate and Australia [86].

2.3 Early-Stages Innovative Technologies

Interestingly, since 1996 some farmers have adopted genetically modified crops, as
they can increase the production via creating plants with higher grain yield within a
short period of time. The main benefit of the genetic engineering methods is the
chance to overwhelm sexual incompatibilities existing between species barriers and
plants allowing for introducing of genes originated from other plants, fungi and
bacteria [87]. The adoption of genetically modified crops can have plenty of benefits,
such as reduced amounts of chemical pesticides, drought-resistant and disease-
resistant plants which need fewer fertilisers and water, increased production of
more nutritious food with lower cost and prolonged shelf life [88, 89]. However,
this practice has triggered controversies, even though strict regulatory processes
have been implemented worldwide [90]. Other innovations include also 3D printed
food as a means to produce food according to individuals’ health status, dietary
habits and taste preferences [91] as well as strategies exploiting nanotechnology to
enhance the crop protection and nutrition [92]. Finally, enterprises are urged to use
food containers, which are biodegradable or can be recycled, instead of disposable
plastic packaging bags and containers for food. For this purpose bioplastics are
increasingly being used which, however, have not managed to deliver the same
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packaging capability as plastics [93]. All these technologies are still in their infantile
stages, but could constitute, under certain circumstances, game-changers for the
coming years.

2.4 Ergonomics Issues

The fourth industrial revolution promotes a human-centred attitude at any working
environment. Thus, as it was highlighted above, one of the major challenges that
appears during agricultural operations is to assure workers’ health and safety through
safety management strategies. The importance of these strategies is intensified
considering the number of people working in farms worldwide and also the epidemic
proportions of health problems and MSDs, in tandem with the resulting economic
costs. In order to meet the aim of occupational health and safety, ergonomics (also
referred to as human factors) is employed. The term “Ergonomics” originates from
the Greek words “ergo” (meaning work) and “nomos” (meaning law). The essen-
tially synonymous phrase “human factors” has been adopted to stress the physical or
cognitive attribute of a person or social behaviour adequate to humans which can
affect the operation of the technological systems. In plain language, ergonomics and
human factors is all about fitting the assignment to worker, via drawing attention to
worker-working environment interface by preventing workers from dangerous activ-
ities based on physiological and psychological principles. The subject of ergonomics
is to improve comfort and safety, decrease human error, increase productivity with a
particular emphasis on the interaction between the worker and the thing of interest.
The thing of interest may be, for instance, a tool, equipment, sensors, computers or
working ecosystem.

Even small changes can result in large differences in reported discomforts [94]. A
simple ergonomic intervention in agriculture was indicated by [95]. They showed
that using a long-handled hoe considerably reduced the trunk flexion during weeding
by, in parallel, increasing the production as compared to other manual weeding
practises. Also, in the same study, the usage of pneumatically powered shears for
manual cutting proved that even farmers with partial disability could come back to
their job. However, ergonomics is a versatile scientific discipline which includes the
determination of the risk factors provoking MSDs, the root causes, along with the
development, application and assessment of the ergonomic interventions. As
highlighted by Benos et al. [96], a state-of-the-art ergonomic analysis (Fig. 3)
involves self-reports along with computational and experimental measurements
that have a great potential to offer useful input for the risk assessment analysis.
Risk assessment encompasses the determination of the crucial factors that can
provoke MSDs, evaluation of the risks related to that hazard and examination of
the appropriate techniques to eliminate it. Finally, the harmful postures and activities
are identified, while safe practices are given via educating farmers through simple
guides. Also, systematic international strategies for increasing the risk factors
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awareness connected with MSDs are a long-term goal by re-setting the practical
limits like the maximal curried cargo and working hours.

Self-reports include special questionnaires (such as the Nordic questionnaire
[97]) and personal interviews in order to determine the most affected body regions.
As a matter of fact, the recent studies of Benos et al. [50, 52], that review the relative
literature on ergonomics in agriculture over the last decade (2010–2020), found that
self-reports were used in the majority of the investigations. In essence, question-
naires try to relate agricultural practices and body postures with MSDs. Furthermore,
the questionnaires were related to the exposure to vibrations which are transmitted
towards the upper extremities and the whole body because of the contact between
parts of the human body with those of the machines, like the handles and seats. Some
questionnaires collect also data from the terrain, characteristics of the machines as
well as duration and speed of driving. Ways of analysing data, such as logistic
regression analysis [98] and other statistical methods, are applied so as to determine
the main risk factors such as age, gender, wrong postures, working hours, experience
and rest breaks. Self-reports, by themselves, are not able to provide clinical diagnosis
and, thus, careful filtering and interpretation are needed. One possible limitation is
that the latest musculoskeletal discomforts have a greater chance to be kept in mind
than an older pain. Besides, the filling out conditions and the environmental sur-
roundings can impact the results.

Characterisation of the relationship between non-neutral postures and MSDs
necessitates direct measurement methods. These methods are extensively used to
provide unbiased and precise information content in contrast to purely observation-
based methods and self-reports [99]. Driven from the progress in ICT, experimental
measurements in agricultural activities usually include Inertial Measurement Units
(IMUs) and tri-axial accelerometers and gyroscopes [100–103], electromyography
(EGM) [104–106], electrocardiograph [107], electrogoniometers [108], handgrip

Fig. 3 Overview of the self-reports as well as experimental and numerical measurements for
deriving data needed for a risk assessment which, in turn, can lead to ergonomic interventions so
as to reduce the chance of the farmer getting injured

Towards Sustainable Agriculture: Challenges from the Transition to the New. . . 13



dynamometers [109], shock absorbers [110], pressure sensors [111], piezoelectric
sensors [112], optical markers [113] and cameras [114, 115].

In short:

• Electromyography (EMG) is utilised for the purpose of quantifying the activity of
the muscles. Identifying when the muscles are active and to what extent during
agricultural activities, turns out to be valuable for physicians for comprehending
the mechanisms of musculoskeletal injuries and, accordingly, giving the proper
treatment by following rehabilitation protocols. Data originated from EMG do
not align with the real values of muscle forces at all times and, thus, careful
assessment is required [116]. In [107], EMG, electrocardiography (a chart of
electric voltage versus time regarding the electrical heart activity by
implementing special electrodes on the human skin) and motion data were
concurrently gathered with a multichannel telemetry system in a survey for
evaluating the use of an on-body assist suit for farming activities.

• Electrogoniometers are electronic devices which can convert the angle at the
joints to a voltage. The voltage can be constantly measured, rendering these
devices ideal for quick and accurate capturing the dynamic movements that
take place during the agricultural operations.

• Accelerometers and gyroscopes are small-sized portable measurement instru-
ments frequently utilised during in field-based studies as a means to assess the
exposure to non-neutral postures. Regarding tri-axial accelerometers and gyro-
scopes, they give concurrent measurements in three directions and they are
widely used for evaluating the exposure that is experienced by a structure.
These structures include the seat of tractors and quad bikes or the handlings of
the grass trimmers and power tillers, to name but a few [52].

• Inertial Measurement Units (IMUs) are electronic devices, which are also small
portable devices and combine information collected via several electromechani-
cal sensors including accelerometers, gyroscopes and magnetometers. They are
also used to estimate the spatial object’s orientation by using sensor fusion
algorithms. IMUs are superior to individual sensors, since the advantages of
each electromechanical device help compensating the restrictions of the others.
For instance, accelerometer-based orientation measurements arising from the
gravity acceleration can be applied to correct the so-called “drift” error which
affects the estimates coming from gyroscope [99].

• Handgrip dynamometers are devices that measure the maximal hand isometric
strength. They are usually utilised for estimating the athletes’ handgrip strength in
sports like tennis and during rehabilitation. In agriculture, they have been used to
identify the effects of dissimilar kind of pruning shears [117] and adjust an
equipment according to the hand-grip strength of each individual [109].

• Suspension systems are used to reduce the vibration which is transmitted from the
machine (like tractors) to the drivers. Active and passive suspension systems in
tractors have been investigated by many researchers [102, 112]. Suspension
systems can be mechanical, hydraulic, pneumatic or a combination of the above.
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• During driving an agricultural machine with a seat, large values of pressure under
the human thighs and buttocks may provoke damage to the nervous system of
these areas resulting in the discomfort of the operator. Thus, measuring of
pressure constitutes another important factor. In [111], a carpet with a system
of sensors (eight pressure mapping pads) was used which was put on the tractor
seat. This barometric mapping allowed for a comparison between three different
seats concerning the comfort evaluation.

• Piezoelectric sensors are devices that exploit the piezoelectric effect so as to
measure, for example, variations of pressure, force and acceleration though
generating voltage. In agriculture, piezoelectric sensors have been used for
measuring vibration during operating tractors under several surfaces and operat-
ing conditions like terrain roughness and tractor speed [112, 118].

• Optical markers have been used in numerous motion capture systems, as they can
be precisely detected. A motion capture system usually uses a set of cameras to
find the markers’ locations [119]. Gait analysis is the most common application in
clinical medicine, while in agriculture a few studies have been conducted.
Hudson et al. [113] used special markers to measure the angle of ankle, knee
and hip during weeding.

Finally, the real data derived through the above direct measurement methods can
be served as input in computational tools, like finite element software, with the
intention of calculating the stresses within bones and soft tissues (e.g., meniscus and
cartilage) and evaluate numerical what-if scenarios. For the purpose of having
realistic estimates, numerous significant aspects must be taken into account, includ-
ing precise geometrical representation of the body structures, appropriate material
models for modelling their mechanical behaviour and application of reasonable
boundary and loading conditions [120]. Biomechanical simulations appear to be a
useful tool for examining MSDs, related to either misuse (as for instance soft tissue
overload during agricultural activities) or with joint diseases (like knee and hip
osteoarthritis) and proposing ergonomic interventions to farmers.

3 Socio-economic Challenges on Technologies Adoption by
Farmers

3.1 The Social Dimension of Sustainability

Sustainable intensification and ICT systems are closely related, as new technologies
constitute a key factor on achieving sustainable intensification [121]. This concept is
of great importance in the framework of sustainable agriculture. Sustainable inten-
sification can be defined as the process through which the productivity can be
increased, however, without being in detriment to the environment, while contrib-
uting to environmental and societal benefits wherever possible [122]. It is also
related to the trade-off between economic and ecological performance [123]. In
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plain words, as can be illustrated in Fig. 4, the concept of sustainable intensification
encompasses three pillars, namely (a) People, (b) Environment and (c) Profitability.

Unfortunately, sustainable intensification has failed to address equally all these
components, as insufficient emphasis has been given on social sustainability. Cur-
rent research on this dimension of sustainability investigates a wide range of fields
by applying different conceptual methodologies. These fields contain political,
management and business studies as well as social learning among rural societies.
The social sustainability is approached via a theoretical lens by addressing the real
meaning of the term and its significance as well as examining the state of the art, or
suggesting ways on how to assess this dimension of sustainability with the use of
indicators or methods based on supply and value chain [124, 125]. In spite of the
progress regarding the integration of social aspects in sustainability, there is no
cohesion on their completely understanding. The social system of agriculture
includes the actors and their interactions accompanied by social roles. According
to Janker et al. [124], these interactions entail the institutionalised interactions
(relationships and contracts) and the institutional embedding (in the form of tradi-
tions, norms and legal system). In fact, there are no clear boundaries of the social
system in agriculture. Although the interactions and the actions are directly associ-
ated with the production activities, the former are affected by other systems, namely
the preferences of the consumers, the expectations of the society, regulations and
market requirements [124]. The central agricultural social system’s components are
all the stakeholders which are involved indirectly or directly with the farming
processes. All the stakeholders, including those in and out of the farm sphere,
interact between each other. As long as all the roles of the actors are sufficiently
satisfied, their needs are met and, consequently, the social system’s sustainability is

Fig. 4 Main components of
sustainable intensification
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assured. But, considering a rapidly changed society, how can we know what future
generations will need? The answer is not straightforward, as we cannot identify all
the future needs. The only thing that we can try to establish is a social system which
can be functioning today, while it has an adaptive capacity to be adjusted for the
future requirements.

As Rose et al. [67] highlighted, by neglecting the social dimension of sustain-
ability, the challenges originated from this mistreatment can create areas of potential
controversy by simultaneously enhancing the fears for food insecurity and resistance
to the adoption of new technologies. These challenges are described next.

3.2 Areas of Potential Controversy Enhancing the Resistance
to New Technologies

The agricultural sector has been responsible for a number of controversies, such as
the usage of genetic modification and chemicals (e.g., DDT and neonicotinoids
(a sort of insecticides)) [67]. Besides, we have witnessed how former revolutions
in technology and machinery provoked mass unemployment in the agricultural
sector. As usually said “Technology is a two-edged sword” meaning that it has
both positive and negative consequences depending on the way we use it. The
possible negative effects of ICT in agriculture are now seriously being taken into
consideration. For example, a large amount of data is anticipated to be collected via
the extensive use of new technologies. Nevertheless, ownership pertaining to this
data as well as how it is going to be stored and exploited still remains a worry.
Another concern is that the data, which will be produced by commercial machines
and software, could be used to give uncontrollably and free of charge valuable
decision-making information to companies. Unless a widely accepted legal frame-
work is developed, a lack of trust may occur. However, considering a lack of trust,
concern about possible private enterprises profiting, negative impacts on agricultural
employment, the way of farming and the way with which the food is produced may
enhance the resistance to new technologies [126]. Another example of worry is the
reported scepticism by communities for the use of drones for taking images of their
private lives and work [126]. Finally, there is also a public concern on the safety
existing in farms because of the simultaneous presence of autonomous farming
vehicles or the accidents that can be caused during human-robot interaction [96].

The technologies used for precision agriculture can be roughly divided into two
types on the basis of the interaction level and the required operator’s learning
investment. These are the “embodied knowledge technologies” and the “information
intensive technologies”. The former do not need additional skills, while the latter
require decision-making skills and additional investment in the context of knowl-
edge, software or service support regarding data analysis for instance [127]. The
extensive use of ICT may lead to the experiential knowledge marginalisation and
generate a disconnection between the farms and the farmers. This could result in

Towards Sustainable Agriculture: Challenges from the Transition to the New. . . 17



losing work satisfaction and worsen the reported high incidence of problems related
to mental health in agriculture [126]. Alterations to farming practices can also lead,
especially the owners of small farms, to leave their farms in favour of urbanisation.

At the same time, agriculture 4.0 is anticipated to create high-skilled jobs.
Nonetheless, these jobs will definitely not suit the majority of the existing agricul-
tural workers who have already experienced marginalisation. Actually, it is not only
seasonal workers, graders and sorters that are fearful of losing their jobs in a
digitalised agricultural environment. Even better-paid workers, such as farm advi-
sors, are anxious when watching machines making evidence-based decisions for a
number of farming operations without human contribution [128]. In the framework
of the analysis of Autor et al. [129], in general, the tasks can be divided into routine
(manual or cognitive) and non-routine (manual or cognitive) ones. The former are
the tasks which can be executed according to explicit directions or programmed
instructions, whereas non-routine tasks involve complex and problem-solving oper-
ations and need flexibility and other skills. The increasingly incorporation of ICT
systems, including AI, seems to have the potential to give robots cognition and
awareness, thus, rendering them capable to carry out not only routine and manual
tasks (as happened in the past), but non-routine and cognitive tasks as well.

When the level of automation increases throughout a process, there are increased
needs with respect to both skills and education. In contrast, low-skilled labour is still
required for carrying out the activities taking place within routine tasks. Conse-
quently, there exists a limited space for the middle-skilled workers. Thus, the
so-called “job polarisation” phenomenon emerges. This phenomenon stands for
the parallel growth of both low-skill and high-skill jobs to the detriment of
middle-skill jobs. Taking into account that, in principle, high-skill jobs and
low-skill jobs correspond to high- and low-wage occupations, a decreased share of
middle-skill jobs in the wage distribution is expected (wage polarisation) [130]. As
pointed out by Marinoudi et al. [131], the effects of automation on the agricultural
sector are strongly associated with labour substitution and complementarity. On the
one hand, substitution refers mainly to low-skill labour, which, in principle, concerns
routine tasks’ replacement. On the other hand, complementarity is related mostly to
high-skill labour, which involves cooperation during cognitive tasks.

3.3 Factors Affecting the Adoption of New Technologies
in Agriculture

Adoption of new technologies in agriculture has been investigated by rural sociol-
ogy, especially by the area of the food and agriculture sociology, which mainly
focuses on farm production economics. Thus, profitability coming from the tech-
nologies was primary studied as a factor for adoption. With the increasing awareness
of the environmental problems, also sustainable technologies for protecting the
environment have been considered, particularly in developed countries. Adaptation
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and diffusion of new technologies in agricultural sector have been examined in a
number of studies including [127, 132–134]. Figure 5 summarises the most preva-
lent factors influencing the adoption by the farmers, which can be simply divided
into factors related to the characteristics of the farm and farmers and as well as
external motivations or deterrents.

Farm Characteristics

The likelihood of adopting ICT systems is connected with the characteristics of the
farm, such as its size, location and soil type. In general, larger farms can incorporate
easier the technologies owing to their capacity to absorb risks. Moreover, the larger
the farm, the faster the critical information is reached, since farms with larger areas
allocate more resources for information. This fact renders large-scale farmers early
adopters [134]. Small farms, on the other hand, require more incentives because of
scarceness of resources. However, some researchers suggest that there exists no clear
connection between technologies adoption and farm size [133]. Studies, such as
[135], demonstrate that also the farm location affects the decisions for investment to
new technologies. In short, closeness to important market sites and information
sources offers more access to market outlets and, thus, ICT adoption turns out to
be easier. Furthermore, soil characteristics of the farm influence the adoption, as ICT
can provide important information for the soil, thus, leading to better management
practices that have the potential to overcome problems associated with natural
disasters and climatic conditions.

Farmers Characteristics

Another important factor is, certainly, the age of the farmers, because it affects their
attitude on innovative technologies. If the age of the farmer is above 60, as men-
tioned in [134], the likelihood of adoption declines, although its level of acceptance

Fig. 5 Factors affecting the adoption of new technologies in agriculture
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relies also on the kind of technology. In contrast, some other studies show that older
farmers tend to adopt easier the new technologies as a result of their extensive
experience [136, 137]. Being a member in an organisation is also of central impor-
tance for accessing information on new technologies and practices. Also, as house-
hold wealth increases, more tendency is expected to approve new technologies.
While inventing on innovation is risky for less wealthy farmers, wealthier farmers
(usually with larger areas of farmlands) have the alternative to allocate less regions
for the uncertain operations and link profit with risk aversion. Without no doubt,
education of the farmer plays a key role on the ICT adoption, as it tends to improve
the creative thinking and judgement for taking innovative decisions. Moreover,
proper education is related to better accessibility to improved technologies and
information acquisition, which may reduce the adoption costs rendering the time
for adoption shorter. Finally, the gender factor on technologies adoption is ques-
tionable and it seems to be connected with the fact that farmers are often influenced
by other farmers of the same sex [137].

External Motivations or Deterrents

The lack of information is another element in technology adoption. Imperfect
information enhances farmers’ uncertainty, while information diffusion contributes
to easier approval. In addition, risk constitutes a usually addressed issue regarding
technology acceptance, since farmers who cope with bad climatic conditions often
adopt ICT to reduce the level of risk. Also, past prices of input and output along with
future expectations of them influence the investment decisions regarding new
equipment. Dinar and Yaron [138] suggested that the rise in input and output prices
has a positive impact on using modern technologies. As mentioned above, financial
assets can shape the adoption. In essence, credit accessibility results in dissimilar
adoption rates [134]. Ordinarily, credit access boosts farmers to approve ICT. Credit
availability can affect not only investments, but the crop choices as well, since
limited credit accessibility results in liquidity problems influencing the crop choices.
In the absence of credit, relatives and friends can serve as a financial source which, in
turn, may encourage or discourage the implementation of technologies. Also, the
level of adoption pertaining to new technologies of neighbouring farms can be a
factor, who take on the role of information source. Under social pressure, the farmer
may choose to act just like their neighbour and either accept new practices or
disapprove them.

4 Conclusions

In summary, there is no doubt that the innovative technologies, such as Artificial
Intelligence (AI), the Internet of Things (IoT), Cloud Computing and robotics, have
a great potential to shift farming towards the fourth revolution. As a consequence,
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these emergent technologies can play a key role towards establishing a sustainable
agriculture. However, the technologies adoption by farmers constitutes a challenging
issue including agriculture-related businesses and policy-makers. In fact, farmers
have to engage with a wide-ranging agricultural practices and ICT systems to cope
with the continuously changing demands of consumers. What is more, these tech-
nologies are considerably evolving, while information on the costs of incorporating
ICT in agricultural activities is often not available. Accordingly, decisions for
technologies approval are usually made within an uncertain climate via “trial and
error” approaches with a subsequent doubtful economic profit.

Considering also that the extent of adoption as well as its rate varies substantially
among farmers, even of the same region, arguments can be raised concerning the
number of farmers which will afford agriculture 4.0 in the near future. Although
there is no clear consensus on which factors affect positively and which ones
discourage the ICT implementation, it seems to be a positive relationship between
adoption and wealth, experience, education, membership in an organisation, infor-
mation, neighbouring farms, size of the farmland and credit accessibility. Overall,
farmers need some fundamental knowledge on computers and skills so that they can
use ICT as well as Web via which they will be able to find out beneficial information
about product prices, for instance, or communicate with farmers from other sites to
share ideas and experiences. A key aspect is also the role of agronomists and
researchers on advising the farmers on various topics. In fact, one of the major
ICT advantages is that it contributes to the better communication in favour of not
only human relationships, but also the agricultural development and national
economy.
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Sustainability in the Digital Farming Era:
A Cyber-Physical Analysis Approach
for Drone Applications in Agriculture 4.0

Naoum Tsolakis, Dimitrios Bechtsis, Giorgos Vasileiadis, Ioannis Menexes,
and Dionysis D. Bochtis

1 Introduction

The food sector provides pioneering grounds for utilizing intelligent automations
and robotic systems with a notable example being Ocado’s Customer Fulfilment
Centre in Andover, England, utilizing 1,300 bots that result in delivery punctuality
by 95% and order accuracy by 99% [1]. The scope of utilizing intelligent systems in
food supply chains depends upon the particular strategic objectives articulated by the
involved stakeholders. On the one end, in operations-focused cases similar to Ocado,
robotic automation enables operational efficiency downstream the supply chain to
ensure high service-levels and increased responsiveness to market demand [2, 3]. On
the other end, at a strategic level, the Food and Agriculture Organization of the
United Nations reported the use of unmanned aerial vehicles (UAVs), commonly
known as drones, in agricultural production to increase efficiency in upstream
operations to further ensure food security and sustainability [4], particularly in
emerging economies. At this latter policy-making level, foresight programmes at
both national and regional levels envision the sustainable future of agricultural
production and further define strategies to deliver this vision [5–8]. Indicatively,
the Danish Green Technological Foresight on Environmental Agriculture provided a
technology foresight study to support the adoption of technology solutions that
could promote environmentally friendly agriculture [5].
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Unmanned aerial systems posit a promising technological application for
enabling precision farming operations and ensuring increased crop productivity in
a sustainable manner [9, 10], considering also the nutritional needs of the predicted
9.8 billion global population by 2050 [11]. The global market for drone-based
solutions in agriculture is projected to amount US$6.52 billion in 2026 demonstrat-
ing a compound annual growth rate of 22.6% [12]. Indicative agricultural activities
where drones are utilized include: tracking livestock [13], spraying pesticides [14],
remote sensing of crop health [15], evaluating field maturity and harvest readiness
[16], and facilitating crop insurance claims [17]). Most importantly, drones enable
precision farming operations, like: detecting weed patches [18], exploring the effect
of nitrogen treatments on crops [19], monitoring crop biomass [20], identifying
water stress in crops [21], and mapping vineyard vigor [22].

Considering the vital role of freshwater resources in agriculture, along with the
pressing issue of water scarcity in major food producing countries like India,
UAV-enabled remote sensing capabilities could be valuable for farmers to ensure
water stewardship and promote environmental sustainability in the sector [23].
Indicatively, results from the “Unmanned Aerial Vehicles—Wireless Sensor Net-
work” scheme applied on over 12,000 ha of farmland in the Republic of China
demonstrated that drones can ensure irrigation efficiency with significant water
savings by up to 67% [4].

Notwithstanding the documented applicability and benefits of UAVs in agricul-
ture, especially in the light of sustainability, financial viability concerns exist due to
the acquisition cost of the required sensors and the supporting infrastructure [24, 25].
To that end, proactive assessment of UAV applications is needed to inform stake-
holders’ decision-making process and foster the adoption of digital technologies by
farmers [6, 7, 26, 27]. Nevertheless, the assessment of digital technology applica-
tions in agriculture is challenging due to a range of factors involved at an operational
level, while the majority of existing approaches only enables qualitative analysis
thus not allowing the quantification of prospective risks and benefits [28].

Farmers need to become aware of the functionality and the tangible gains
associated with the adoption of digital technologies, like UAVs, in agricultural
field operations prior to investing substantially. To this end, researchers and busi-
nesses either develop simulation models or directly implement pilot technologies to
engage farmers at a cyber or at a physical space, respectively. However, unreliable
results, poor communication and ineffective dissemination of information hinder
farmers from developing a genuinely positive attitude towards the adoption of digital
technologies [29]. Therefore, the effective transition towards an Agriculture 4.0 era,
similarly to Industry 4.0 in the manufacturing sector, could be supported by the
development and application of “digital twins” to understand and clearly communi-
cate to involved stakeholders the implications of digital technologies in agriculture
[30].

This research explores the utilization of UAVs in agriculture towards ensuring
environmental sustainability in farming operations. Specifically, motivated by the
evident need to tackle the challenge of water scarcity and ensure farmers’ livelihood
[31], the objective of this research is to provide a methodological approach for
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facilitating the anticipated use of drones for sustainable farming operations, partic-
ularly in terms of monitoring crops’ water stress status and informing precision
irrigation activities. In this regard, this research addresses the following Research
Questions (RQs):

• RQ#1—What are the benefits and challenges associated with the application of
UAVs in farming operations?

• RQ#2—Is the development of “digital twins” valid for UAVs to foresee their
applicability in precision farming operations for ensuring water stewardship?

In order to address the enunciated RQs, this study applies a multiple
methods approach. Firstly, a critical literature taxonomy was performed to identify
and summarize advantages and disadvantages related to the applicability of UAVs in
agriculture to tackle RQ#1. In an attempt to answer RQ#2, an integrated methodol-
ogy to analyze “digital twins” in agriculture was proposed. Especially, the proposed
methodology explores the underlining dichotomy between the cyber space analysis
and the physical space testing of digital technology systems, particularly focusing on
UAVs. To this end, an emulation modelling tool was developed which captures a
rotary wing UAV that navigates across a conceptual orchard and monitors the water
stress level of individual trees. Thereafter, based on the emulation model, two real-
world pilot use cases of actual UAV systems were tested on an agricultural field. The
UAVs were equipped with sensors for identifying the water status of each plant in
the field to inform the planning of precision irrigation activities. This research
contributes to the foresight field by adopting an operationalization view over digital
technologies for sustainable agriculture and through proposing an integrated cyber-
physical analysis approach for drone applications in agriculture, comprising of both
an emulation-based research tool and physical assets.

2 Materials and Methods

The basic terminology, theoretical lens and research approach pertinent to this study
are specified in the subsections that follow. The materials and methods were
developed with a focus on UAVs, as a digital technology application, for the
effective water management in agricultural fields.

2.1 Basic Terminology

The extant body of literature documents the use of “digital twins” for integrat-
ing information regarding the management of resources to then inform equiva-
lent real-world implementations [32]. Therefore, as the focus of this research is
“digital twins” for environmentally sustainable agriculture, it is necessary to define
the terms in this context.
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“Digital Twins”

“Digital twins” is a relatively nascent concept and the ambiguity characterizing the
term is evident as most scientific articles and business reports adopt either an asset-
based [33] or a supply chain-centric [34] view over the term. This research adopts a
hybrid view over the term “digital twins”. In particular, we claim that a “digital twin”
should capture virtual emulation models of the working environment and the actual
hardware system(s) performing operations in order to: (i) enable the ex-ante evalu-
ation of functionality and operations efficiency at the cyber space; and (ii) inform the
design and calibration of the actual operational units to support efficiency at the
physical space. At the same time the transmission of sensed data from the physical
space could be used to update the cyber space constructs, while the information
should be shared across end-to-end network echelons to dynamically adjust opera-
tions according to the entire supply chain optimal performance requirements (Fig. 1).
This research focuses on the first part of our definition that infers engagement at a
cyber-physical interface.

Sustainable Agriculture

“Sustainable agriculture” embraces the triple-helix model of sustainability (i.e.,
environmental, economic and social pillars) applied to the agro-food system domain.
Considering that water management has strategic significance for ensuring food
security and sustainability in agriculture, particularly in water scarce regions [6–8,
35], this research adopts the environmental sustainability pillar with a specific focus
on freshwater appropriation in orchards investigated from the perspective of planta-
tions’ precision irrigation needs.

2.2 Theoretical Lens

In principal, this research adopts the lens of Foresight Theory as it aims to provide a
research methodology and respective analysis toolset to “create actionable and
domain/context specific information or knowledge about the future” [36]. In partic-
ular, this research is positioned at the level of foresight process and impact, in
alignment to Piirainen and Gonzalez [36], considering that we propose a research
process that allows stakeholders to proactively evaluate a technology intervention in
the context of agriculture.

At a greater extent, considering the multifaceted character of foresight and our
focus on the impact of an intervention to tackle environmental sustainability chal-
lenges, this research responds to the technologies’ roadmap proposed by Borch [5].
Specifically, we introduce emulation and testbeds’ application as a “descriptive and
systematic evaluation of the (perceived) consequences of applying a technology” [5],
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in order to inform farmers with regard to the operationalization of sustainability in
agriculture via introducing automated technologies in farming activities. The pro-
posed cyber-physical analysis approach comprising of emulation modelling and
real-world technology applications can provide verification of cognitive-wise asser-
tions about a future state of automated agricultural practices [37], hence contributing
to the foresight activity.

2.3 Research Approach

This research was conducted by deploying a multistage methodological research, as
depicted in Fig. 2. Initially, a literature review along with text mining and a critical
taxonomy of the retrieved scientific articles were conducted to identify the benefits
and challenges associated with drones in agriculture (1st Research Stage), in a robust
and systematic manner. Thereafter, following the digital technologies’ assessment
framework proposed by Tsolakis et al. [38], the stages of emulation modelling (2nd

Research Stage) and the real-world implementation of physical UAVs (3rd Research
Stage) were investigated. The critical taxonomy along with the emulation model and
the real-world pilot implementation of drones are specified in the subsections that
follow.

Fig. 1 “Digital Twins” in technology-driver operations
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Critical Taxonomy

In order to identify main benefits and challenges regarding the use of drones in
agriculture, existing knowledge from peer-reviewed literature was synthesized. In
this respect, to identify relevant published articles, we performed structured searches
using the terms “unmanned aerial vehicles”, “drones” and “intelligent aerial vehi-
cles”, in the ‘Article Title’ field, in combination with the terms “precision agricul-
ture” and “precision farming”, in the ‘Article Title, Abstract, Keywords’, in the
Scopus database. The timespan was set from ‘All years’ to ‘Present’. The additional
use of the terms “emulation” and/or “Agriculture 4.0” did not generate any results.
The reviewed articles were written in the English language. Our review was limited
to scientific articles and reviews whereas conference papers were excluded from our
analysis. Grey literature and online secondary sources were also retrieved to identify
policy and commercial developments in the field. The literature search was not
exhaustive as our aim was to identify the main advantages and disadvantages
stemming from the use of drones in agriculture.

By November 2nd, 2019, a total of 22 articles studying the use of drones in
agriculture was identified for review. The annual allocation of the retrieved articles is
presented in Fig. 3. The recent research interest about UAVs in agriculture is evident

Fig. 2 Multistage methodological analysis flowchart
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as the first related article was published in 2012. The rapid increase in the number of
published articles demonstrates the increasing awareness about the application of
UAVs in precision agriculture. Likewise, the distribution of the reviewed articles by
journal is depicted in Fig. 4. Notably, the distribution of the studies among the
scientific journals is quite even, thus indicating the multifaceted research opportu-
nities stemming from the application of drones in farming operations.

In addition, we performed a text mining analysis in the abstracts of the reviewed
articles through developing a bespoke programming code in R, an open-source
language and environment for statistical computing. Text mining is a technique
applied for natural language processing in order to unveil interesting information
[39]. Figure 5a illustrates a cloud diagram that depicts the significance of the terms
“drone” and “agriculture”. Furthermore, Fig. 5b illustrates a circular dendrogram
confirming the relevance of intelligent aerial vehicles (marked as “UAV”—
unmanned aerial vehicle), including drones, for precision agriculture operations.
More specifically, the ‘complete-linkage’ hierarchical clustering method was applied
by calculating the Euclidean distance between term vectors.

Cyber-Space Analysis: Emulation Modelling

In this research, a conceptual orchard was recreated in a three-dimensional environ-
ment where an emulated model of an actual quadrotor drone could operate to
monitor the water status of individual trees (Fig. 6). This model was created at the
Gazebo emulation environment for representing the geomorphological characteris-
tics of the field, thus allowing the spatial modelling across the X-, Y- and Z-axes
[40]. At a next step, the emulated UAV could hover, rotate and capture canopy
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images of the crops at nearly any optical angle using the Robot Operating System
(ROS). For the path tracking of the UAV, ROS used the Simultaneous Localization
and Mapping (SLAM) procedure. Furthermore, the emulated Light Detection and
Ranging (LiDAR) sensor enabled the UAV to adjust its flying altitude depending on
the varying geomorphology and topography of the agricultural field, thus avoiding
possible collisions. In particular, the emulated drone is the commercially available
rotary wing UAV model DJI S1000.

Fig. 4 Published articles by journal

Fig. 5 Relevance of UAVs in precision agriculture demonstrated through: (a) a word cloud
diagram comprising of 50 words; and (b) a circular dendrogram highlighting four clusters of the
most associated terms
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Physical Space Analysis: Pilot System Implementation

A real-world pilot testing for monitoring agricultural fields was performed by using
an actual fixed wing drone, the model eBee provided by senseFly (Fig. 7a), along

Fig. 6 Emulation model of an agricultural field environment and a quadrotor drone

Fig. 7 Pilot implementations of: (a) an actual bespoke fixed wing drone in an agricultural field
(model eBee); and (b) an actual commercial rotary wing drone (model DJI S100) along with a
Husky vehicle in collaborative field operations
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with the commercial rotary wing drone model DJI S1000 equipped with the
Ardupilot Pixhawk 2 autopilot hardware (Fig. 7b). The drones are available at the
Institute for Bio-Economy and Agri-Technology (iBO), an Institute of the Centre for
Research and Technology—Hellas (CERTH).

3 UAVs in Agriculture: Benefits and Challenges

UAVs are one of the major platforms utilized for remote sensing in agriculture, along
with satellites and balloons. Owing to their technological development, decreasing
cost, increased level of modularity and enhanced flexibility, UAVs are a preferred
solution for precision farming applications in both developed and developing coun-
tries. Nevertheless, the adoption of UAVs in precision farming applications requires
consideration of the associated technical benefits and challenges, depending on the
scope of the intended farming application.

Otto et al. [41] reviewed over 200 scientific articles on UAVs and identified
agriculture as one of the most promising areas for commercial applications of such
technological systems. The authors further identified promising areas for modelling
research regarding UAVs. Zhang and Kovacs [42] provided a review of unmanned
aerial systems used for environmental monitoring and precision agriculture activi-
ties. The authors discussed both the benefits and challenges of UAVs and stressed
the necessity for additional research on the field in order to ultimately provide
reliable systems which are appreciated and embraced by farmers. Furthermore,
Bansod et al. [43] provided a review comparing the benefits and challenges between
satellite- and drone-based solutions applied in precision farming operations. The
study specifically stressed the challenges associated with the use of UAVs in
agriculture across the technical, reliability, privacy rights and safety domains.
Shamshiri et al. [9, 10] reviewed automated systems applied in agricultural opera-
tions and emphasized the potential of collaborating automated systems, combining
multiple field robots and UAVs, in order to collect data, reveal concealed informa-
tion, and optimize the use of farming inputs.

In a generic agricultural field context, the work presented by Vigneau et al. [44]
discussed the capability of UAVs to monitor vegetation indices and, through data
analytics and image processing, obtain biochemical and biophysical variables about
crops. The authors suggested that the ability to repeat drone flights and collect data
over crops’ cycle stimulates research and practice interest. Simic Milas et al. [45]
reported the use of UAVs for retrieving crops’ structural and biochemical parameters
to determine their chlorophyll content. More specifically, the authors used an
unmanned aerial system to monitor and determine the chlorophyll content of corn
agricultural field segments in Michigan, United States of America. Huuskonen and
Oksanen [46] introduced a precision farming application for soil sampling to better
inform fertilization activities in Southern Finland. The technological solution com-
prised of a UAV able to scan the selected agricultural field and a set of augmented
reality glasses to guide users towards generated soil sampling points.
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From a water management perspective, Cancela et al. [47] published a Special
Issue on the use of UAVs and satellite systems for water management in agriculture.
The Special Issue particularly focused on identifying methodologies for efficiently
leveraging such remote sensing technology systems for water management in
agriculture. Hogan et al. [48] summarized research applications of small unmanned
aerial systems, along with their parameters and limitations. The authors specifically
reported the ability to use UAVs for detecting water stress in plants/crops by
capturing and analyzing the canopy spectral signature. Anderson [49] discussed
the catalytic role of drones in introducing the big data narrative to the precision
agriculture domain through examining the case of a vineyard in San Francisco,
United States of America. The author of the study supported that the use of UAVs to
collect accurate data can reduce water use and lower the chemical load on the
environment.

Focusing on technological and technical aspects per se, Barbey et al. [50]
compared Pléiades (i.e., a satellite platform) and UAV images retrieved during
precision viticulture applications in France. The authors realized that for narrow
vine distance rows and small structures, UAVs posit an effective imagery technol-
ogy for the accurate characterization of vineyards. The work of Ipate et al. [51]
presented a guideline for designing a quadrotor drone. Thereafter, the authors
deployed the drone to inspect the exterior polyethylene film structure of a green-
house and examine crops’ health. Sarghini and De Vivo [52] also presented a
Computational Fluid Dynamics analysis of two different heavy lift multirotor con-
figurations to investigate the resulting aerodynamic effects in the case of spraying
pesticides or fertilizers. The authors reported that multirotor UAVs can spray large
areas of farmland, around 4,000–6,000 m2, in about 10 min by achieving savings of
about 20–40% in the chemicals’ volume and without exposing the operator to health
risks. Additionally, Sarghini and De Vivo [53] discussed the merits of intelligent
aerial vehicles in agriculture and investigated the technical requirements of
multirotor drones for performing agricultural tasks. The authors focused on the
mechanical elements of the drone, particularly on the propulsion system, and the
resulting payload and flight length capabilities of the system for performing tasks
like the application of fertilizers and pesticides. In the work of Lan et al. [54] the
challenging issue of obstacles’ avoidance in farmlands by UAVs was investigated.
The authors compared obstacle avoidance technologies and suggested the use of
multisensor fusion on a UAV system to recognize distorting obstacles and enable
intelligent autonomous navigation. Liu et al. [55] developed and tested a small-sized
and low-cost attitude measurement unit that could be applied to agriculture-focused
drones.

From a mainly methodological viewpoint, Lysenko et al. [56] proposed a Robot
Plane Vegetation Index, adapted to technological capabilities of UAVs, to monitor
the nitrogen nutrition of wheat plants in Ukraine. Additionally, Murugan et al. [57]
developed an algorithmic approach to segregate sparse and dense areas in an Indian
sugarcane field by leveraging images captured from both a satellite and a drone. The
aim of the authors was to ensure precision agriculture monitoring while minimizing
the cost of utilizing UAVs in India. Szantoi et al. [58] used images captured through
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a UAV to map orangutan habitat and agricultural areas in Indonesia. The study
concluded that, in contrast to the exclusive use of satellite imagery, UAV-gathered
data combined with existing satellite imagery and image classification algorithms
provide a cost-effective and high-resolution imagery solution in a variety of land
mapping applications. Yamamoto et al. [59] applied a super-resolution image scaling
method to process low-resolution images of tomatoes in order to automatically
detect and identify plant diseases. The utilized method was intended to be used to
low-resolution images captured by UAVs to accelerate phenotyping and vigor
diagnosis in agricultural fields.

Finally, Reger et al. [60] discussed and summarized the legislative schemes and
regulations regarding the use of UAVs in Germany, the European Union, the United
States of America and Japan. The authors suggested that restrictions and gaps in
international regulations should be revised and addressed to avoid negative social
response to UAVmissions in agriculture. In the same context, Freeman and Freeland
[61] discussed the regulatory landscape regarding the use of UAVs in agriculture in
the United States of America. The authors highlighted the role of regulations in
fostering the integration of UAVs in the American airspace to propel their commer-
cial use in agriculture.

Table 1 summarizes the main benefits and challenges associated with the use of
UAVs in agriculture and taxonomizes accordingly the retrieved scientific studies. A
description for the referenced advantages and disadvantages is also provided to
better comprehend the associated views on UAVs in agriculture.

4 “Digital Twins” and UAVs: Monitoring Water Stress
in Orchards

In case a crop is in a water stress condition, changes in its leaves occur that generate
unique electromagnetic “signatures” [48]. These changes are typically detectable in
the visible light spectrum. In addition, changes in the texture of a crops’ waxy
coating (i.e., cuticle) might be detectable in the invisible infrared light. Therefore, the
capability of UAVs to monitor water stress in orchards, inform farmers and support
water stewardship depends on both the technical specifications of the system and the
quality/calibration of the installed sensory equipment.

Following our proposed methodological approach on the evaluation of UAVs in
agriculture via “digital twins”, particularly for monitoring the water status of crops,
in the subsections that follow we present the emulation model (i.e., cyber space
analysis) that was developed as part of this research along with the pilot implemen-
tation (i.e., physical space analysis) of actual drone systems in an orchard. Therefore,
the proposed methodology allows the creation of cyber-physical interfaces to enable
more robust decision-making over the evaluation and adoption of digital technolo-
gies in agriculture.
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Table 1 UAVs in agriculture: Benefits and challenges

Description References

Benefits • Create less crops’ compaction and
damage compared to manual inspection

Anderson [49]; Lan et al. [54]; Reger
et al. [60]

• Require relatively low capital
expenditure

Bansod et al. [43]; Freeman and
Freeland [61]; Hogan et al. [48]; Otto
et al. [41]; Sarghini and De Vivo [53];
Simic Milas et al. [45]; Szantoi et al.
[58]; Zhang and Kovacs [42]

• Enable on-demand data gathering, in
a repetitive manner, even during night or
under cloudy conditions

Freeman and Freeland [61]; Huuskonen
and Oksanen [46]; Lan et al. [54];
Vigneau et al. [44]

• Provide efficient agricultural field
mapping resolution, specifically com-
pared to satellite imagery, for narrow
fields and small structures

Anderson [49]; Bansod et al. [43];
Barbey et al. [50]; Freeman and
Freeland [61]; Hogan et al. [48];
Huuskonen and Oksanen [46]; Cancela
et al. [47]; Ipate et al. [51]; Liu et al.
[55]; Murugan et al. [57]; Reger et al.
[60]; Shamshiri et al. [10]; Szantoi et al.
[58]; Vigneau et al. [44]; Yamamoto
et al. [59]; Zhang and Kovacs [42]

• Remove poisoning hazard during
spraying fertilizers and pesticides

Freeman and Freeland [61]; Lan et al.
[54]; Sarghini and De Vivo [52]

• Reduce land inspection costs for rel-
atively small fields (e.g., <20 ha)

Anderson [49]; Otto et al. [41]; Reger
et al. [60]; Sarghini and De Vivo [53];
Simic Milas et al. [45]; Szantoi et al.
[58]; Zhang and Kovacs [42]

Challenges • Could imperil air-safety Bansod et al. [43]; Freeman and
Freeland [61]; Reger et al. [60];
Sarghini and De Vivo [53]; Szantoi
et al. [58]; Zhang and Kovacs [42]

• Could violate personal privacy and
landowner rights

Bansod et al. [43]; Freeman and
Freeland [61]; Reger et al. [60]; Szantoi
et al. [58]; Zhang and Kovacs [42]

• Are restricted to low-altitude inspec-
tion due to regulatory ceilings

Anderson [49]; Huuskonen and
Oksanen [46]; Sarghini and De Vivo
[53]; Szantoi et al. [58]; Reger et al.
[60]; Zhang and Kovacs [42]

• Are not effective in identifying field
heterogeneities and variabilities in wide
agricultural settings (e.g., >20 ha)

Barbey et al. [50]; Otto et al. [41]; Reger
et al. [60]; Simic Milas et al. [45];
Yamamoto et al. [59]

• Require a combination of canopy
databases, calibration, correction and
data filtering techniques

Hogan et al. [48]; Huuskonen and
Oksanen [46]; Ipate et al. [51]; Sarghini
and De Vivo [53]; Simic Milas et al.
[45]; Szantoi et al. [58]; Vigneau et al.
[44]

• Depend on sensory devices Bansod et al. [43]; Lan et al. [54]; Liu
et al. [55]; Otto et al. [41]; Szantoi et al.
[58]; Vigneau et al. [44]

(continued)
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4.1 Cyber Space: Emulation Modelling

An emulation model can be used to evaluate the performance of a UAV equipped
with appropriate sensors. A drone can navigate across an agricultural field or an
orchard, detect individual plants, monitor water stress level and detect freshwater
requirements of crops, and inform precision irrigation activities. An emulation
model can be used to first assess the functional characteristics of a UAV within
the environment of operations, assess the performance of the sensors used to scan the
crops, map the spatial characteristics of the orchard and autonomously navigate the
aerial vehicle in the orchard at an optimal route.

In particular, the developed model consists of emulated constructs of the:
(i) orchard layout; (ii) trees within the orchard; (iii) a UAV; and (iv) sensors and
cameras equipping the drone. The UAV can then navigate autonomously within the
orchard based on the aerial vehicle’s routing algorithm embedded in the model and
the signals received from the emulated sensors, as depicted in Fig. 8a. The Simul-
taneous Localization and Mapping procedure along with the perception of the Light
Detection And Ranging sensor in the emulated orchard environment are demon-
strated in Fig. 8b. The view of the on-board multispectral camera embedded on the
UAV is illustrated in Fig. 8c. A camera was emulated to enable plant detection, allow
water stress status identification per plant, and ensure vehicle’s safety during the
autonomous operations in the emulated orchard. Real-time object detection and
processing in agricultural environments is exceedingly complex as opposed to
typical industrial settings where autonomous robotic systems may be operating [62].

The emulation model further enables the UAV to monitor the water stress level of
multiple trees through a single camera (Fig. 9a). The implementation of the flora
recognition and the water stress status identification are based on color detection as
well as template matching. In this regard, the monitoring per tree is based on
continuous sampling of the orchard and tress (when identified), and a corresponding
matching of the retrieved signals to the tree reference models stored in the images’
library of the emulation model (Fig. 9a). The UAV can then identify and indicate the
water status of trees both in cases of water need (e.g., light green trees) and in no
water stress situations (e.g., dark green trees), as indicated in Fig. 9b.

Table 1 (continued)

Description References

• Allow maximum payload Bansod et al. [43]; Reger et al. [60];
Sarghini and De Vivo [52]

• Allow limited flight time Bansod et al. [43]; Cancela et al. [47];
Otto et al. [41]; Yamamoto et al. [59]
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4.2 Physical Space: UAV Systems Deployment

The deployed pilot UAV systems can be used to monitor the status of an agricultural
field and identify the water stress level of plants using multispectral cameras. Field
irrigation status and water bodies can be identified using band combinations from
multispectral and hyperspectral cameras. Hyperspectral imaging has been exten-
sively used for recognizing physiological and structural characteristics in plants and
crops. Existing studies suggest the use of machine vision for 3D imaging to enable
plant phenotyping (e.g., in potatoes) that could be then used to inform farmers about
recommended water application [63]. To that effect, UAVs can effectively monitor
the status of agricultural fields and communicate with Farming Information Systems
for storing the gathered data.

At the pilot study of the fixed wing unmanned aerial system, the eBee drone with
the Sequoia multispectral camera was used for measurements. This type of camera
could also be applicable for determining vegetation and other ground features that
are captured by the UAV. The band combinations from the multispectral camera are
illustrated in Fig. 10.

Finally, the use of the compact digital camera Sony RX100 III with the rotary
wing DJI S1000 drone could monitor the status of the irrigation equipment at the
agricultural field and possibly control any automated valves for the execution of
precision irrigation activities (Fig. 11). The precision irrigation activities could be
controlled accordingly to improve freshwater management, depending on various
environmental conditions.

Fig. 8 Emulation model of: (a) an orchard environment and a UAV; (b) sensors used for
navigating the UAV in the orchard; (c) an on-board multispectral camera capturing the view of
the UAV over the orchard trees
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Fig. 9 Functionality of the emulation model includes: (a) monitoring of multiple trees through
matching input signals to the data library; (b) identifying and indicating the water status of trees
both in cases of water need (e.g., light green trees) and in no water stress situations (e.g., dark green
trees)
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5 Conclusions

Our multistage cyber-physical analysis approach is used to address the articulated
research queries. In particular, out critical taxonomy helped respond to RQ#1 with
the main advantage of UAVs in agriculture being the efficient mapping of agricul-
tural fields. Furthermore, the greatest identified challenge refers to the need for

Fig. 10 Band combinations from the multispectral camera
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equipment calibration along with data filtering techniques to streamline with the
structure of existing canopy-related databases to facilitate the field mapping opera-
tions. Regarding RQ#2, an emulation model, that could comprise a “digital twin” for
the ex-ante assessment of UAVs during precision farming operations, was developed
to inform orchard-related irrigation decisions for water stewardship. The detection of
water stress can be performed by multispectral cameras that capture near-infrared
light canopy reflections. Emulation models could be also used to comparatively
assess the impact of alternative digital technology options in operations. Further-
more, the pilot implementation demonstrates that drones can be used to assess water
stress across large farms at a high accuracy level to then plan precision farming (e.g.,
irrigation) operations. However, sensors need to be first calibrated and databases of
canopy spectral signatures have to be developed to reliably detect crops under water
stress.

Agriculture 4.0 can be realized by investigating the interplay and synergistic
operation of automated vehicles enabled by data exchange in the cyber-physical
space. Indicatively, recent advances focus on the joint implementation of drones
with augmented reality (e.g., wearable technologies, smart glasses) to assist farmers
in gathering data and inform precision farming operations [46, 64]. Regarding the
assessment of drone systems’ efficiency for water stewardship, the identification of

Fig. 11 Testing of a commercial rotary wing UAV in a neophyte orchard for irrigation system
monitoring
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performance indicators could inform about the appropriate sensors to install on the
drones. Representative indicators are the ‘Normalized Difference Vegetation Index’
and the ‘Land Surface Wetness Index’ which are used to specify crop vigor and crop
water status, respectively.

5.1 Theory Contributions

The literature on the digitalization of agriculture is inchoate as the extant research
efforts myopically focus on the technical and functional aspects of innovative
technologies and overlook the related Operations Management and sustainability-
wise implications [65]. Additionally, foresight is in principal an instrument for both
the executive and legislative branches of governmental authorities aiming at
informing policy designs and implementation [66]. To this effect, technology fore-
sight analysis exercises over intelligent aerial vehicles could be argued that are often
decoupled from the quantification of subsequent environmental pressures at a
granular level of operations.

This research attempts to contribute to the foresight field by adopting an
operationalization view over digital technologies for sustainable agriculture via
proposing a multistage methodological analysis approach comprising of:
(i) academic literature review and critical taxonomy; (ii) emulation modelling; and
(iii) testbed application. The adoption of this approach and the engagement in the
different levels of analysis could help interrogate UAVs’ operational aspects with
regard to monitoring water stress levels of individual plants in orchards to then
inform the planning of precision irrigation activities. In particular, emulation model-
ling of real-world agricultural settings and UAVs, along with the pilot implementa-
tion of the emulated vehicles, could allow the creation of cyber-physical interfaces to
enable more robust performance evaluation and foster the adoption of drones in
agriculture. At a greater extent, the proposed “digital twin” analysis perspective of
the operational environment (i.e., orchard), in conjunction with the applied digital
technologies (i.e., drone and sensors), methodologically contributes to the field of
robotic science [67, 68].

5.2 Practice Implications

The real-world operational context and the tangible sustainability benefits attained
via the adoption of digital technologies in agriculture are often uncertain or
ill-defined thus often creating uncertainty and ambiguity to farmers [29, 69]. To
this end, the adoption rate of innovative technologies in agricultural operations
stagnates, hence possibly impacting the sustainability performance of the sector
both regionally (e.g., exploitation of local natural resources and activities’ impact
on the surrounding ecosystem) and internationally (e.g., virtual flows of natural
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resources such as freshwater). In addition, scholars in social sciences are concerned
with regard to the impact of digital agricultural technologies to rural communities via
highlighting the possible exploitation and marginalization of farmers by corpora-
tions and landowners [70, 71].

In the light of the abovementioned concerns, this research promotes the adoption
of UAVs for freshwater stewardship in farming operations by: (i) identifying and
summarizing advantages and disadvantages related to the utilization of UAVs in
agriculture; and (ii) examining “digital twins” in agriculture by developing a cyber-
physical analysis approach for UAVs that can help farmers to become aware about
the functionality, operational characteristics and sustainability merits of physical
drone counterparts. In this regard, farmers can have access to low-cost ex-ante, yet
informative, assessments of the functional capabilities and performance of alterna-
tive UAV applications they foresee for their operations. In addition, farmers can use
a “digital twin” of the agricultural field to articulate alternative foresight scenarios
with regard to the dipole “drone application—appropriation of freshwater resources”
(i.e., groundwater or surface water reserves) and plan their crop rotations accord-
ingly. This need is particularly prominent in water scarce regions like the State
of Punjab in India or South East England in the UK. Concerning the water sustain-
ability scope, the emulation model could also allow the operational assessment of
alternative intelligent vehicles and sensory equipment which are commercially
available [72].

5.3 Limitations

In conducting this research, some technical limitations exist which provide stimu-
lating grounds for exploring future research avenues. Firstly, the literature review
considered only one database (i.e., Scopus), hence it was not possible to identify
particular UAV-related benefits and challenges that could be covered in other
databases. Secondly, the water stress level of each individual tree in the emulation
model was programmed to be binary (i.e., water stress and no water stress). The
inclusion of an algorithm for simulating the water requirements of particular plants
could enable the emulation model to project the long-term irrigation requirements in
an agricultural holding. Furthermore, the emulation tool could incorporate weather
data to account for the flight capability and functional stability of a UAV system.
Thirdly, the applied multistage methodological analysis approach could be expanded
to include further analysis modules to enable a more scientific evidence-based
decision-making process over the adoption of digital technologies for achieving
particular sustainability goals.
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5.4 Future Research

Agriculture 4.0 technologies have proven benefits, predominantly to agricultural
small and medium-sized enterprises, in terms of [73]: (i) increased yields;
(ii) reduced costs; (iii) greater profits; (iv) informed decisions; and
(v) sustainability. Nevertheless, the adoption of digital technology applications in
farms is still circumscribed as the underlining opportunity of evidence-based knowl-
edge in farming is not recognized, yet. In this regard, considering future research
directions, we are planning to enrich the applied approach with further analysis
stages based on an active engagement with farmers and digital technology solution
providers to motivate managerial beliefs that dictate adoption decisions on smart
agriculture.

Moreover, future research efforts should expand the view of “digital twins” from
the unit of operations echelon (i.e., orchard) to an agro-food supply network
system level in order to assess the end-to-end sustainability impact of digital
technologies [74]. In this regard, we will be able to make contribution to the
Operations Management field by investigating the impact of digital technologies
on inventory control, responsiveness and resilience across end-to-end agri-food
supply networks. The synergistic action between automated vehicles and drones,
or humans and drones, unfolds further research opportunities.
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Digital Technologies in the Context
of Energy: Focus on the Developing World
Agriculture

George Kyriakarakos, Maria Lampridi, and Dionysis D. Bochtis

1 Introduction

More than 700 million people are still living in extreme poverty. The majority of
these people live in rural areas of the developing world. United Nations had
acknowledged this reality and Sustainable Development Goal 1 is “No Poverty”
aiming at eradicating extreme poverty by 2030. Many studies have been published
investigating pathways out of poverty [1]. One of the most recent ones [2] has
evaluated a number of cases globally and identified four major pathways towards
poverty alleviation: industrialization, rural development, social welfare and oil
generated employment. For the poorest countries and rural areas, rural development
is one of the most viable and realistic approaches towards poverty alleviation.

Rural development can be defined as the process of improving the quality of life
and economic well-being of people living in rural areas, often relatively isolated and
sparsely populated areas [3]. Traditionally rural development has been focusing on
agriculture and forestry as well as on natural resources extraction. In recent years,
though, the focus has changed to tourism, recreation and decentralized manufactur-
ing [4], while it has been extensively acknowledged that social infrastructure
(education and health) also plays a very important role [5]. When the focus changes
to rural areas of the developing world though, agriculture is still considered to be the
key [6].

As a matter of fact, in rural areas, agriculture can be the key as an eliminator of
poverty since it is the major supplier of food. Since the 86% of people in rural areas
depend on agriculture for their living, the lack of sufficient production of food and
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fiber, that could satisfy human needs around the world, can be strongly related to
poverty [7]. It is also indisputable that, access to food is becoming a serious global
issue, especially due to the increased population which leads to the exponential
increase of demand for food [8, 9]. All the above are framed within the second
Sustainable Development Goal which refers to zero hunger. As reported by the
World Food Program issued by the United Nations the 13% of the world’s popula-
tion does not have access to adequate amounts of food [10]. Moreover, the Food and
Agriculture Organization (FAO) characterizes hunger as the most important cause of
disease in the world [11]. According to the United Nations definition, the second
goal aims to eliminate hunger while achieving food security and improved nutrition
through the promotion of sustainable agriculture [12]. Also, in the context of the
wider notion of sustainability, development must be used in order to not only sustain
but also improve quality of life.

The adoption of sustainable agriculture is a challenging task especially since its
definition still remains an unresolved issue within the research community [13]. The
term sustainable agriculture is often confused with the one of agricultural sustain-
ability, however both terms have a different context that is related to the subject of
examination [14]. More specifically agricultural sustainability defines the principles
and rules that need to be followed in order to achieve sustainability in the agricultural
sector [15]. On the other hand, sustainable agriculture describes the agricultural
practices and processes that abide by the principles of agricultural sustainability.
Agricultural sustainability is audited with indicators [16] that are related to the
evaluation and the assessment of agricultural processes with respect to their effect
on the environment, the economy and the society. Among the existing categories of
indicators, the indicative themes of income, nutrition, quality (both environmental
and quality of life), security and resource use demonstrate the need for monitoring
the sustainability of rural development.

Monitoring of agricultural sustainability became imperative due to its intensifi-
cation that followed the need for increased primary production [17]. The eventual
intensification of agriculture introduced technology within the natural agricultural
processes. As it is also the case with industry, this rapid evolution came at a
considerable cost on humans and the environment [18]. Thus, taking into account
of the limited capacity of our planet new rules had to be set for its protection and
sustainability. Along with all other human activities, agriculture must also adapt to
the new standards and requirements and become sustainable [19]. In that case,
agricultural sustainable development can be achieved by introducing new technol-
ogies mainly aiming at the increase of production while protecting the available
resources. The introduction of new technologies is of utmost importance in rural
areas that are deprived of basic goods [20]. However, no new technology can be
applied without safeguarding adequate amount of energy for its application.

Electricity is probably the most useful type of energy due to is high transforma-
tion potential [21]. Hence, providing electricity in rural areas can accelerate their
development in a variety of ways [22]. Towards that direction this chapter aims at
introducing an overview of rural electrification as an enabler of sustainable devel-
opment in developing countries. The productive uses of energy are presented along
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with ways to evaluate access to energy. Then the techno-economic considerations in
rural electrification are examined and the basic steps in the deployment of a rural
electrification project are presented. Basic aim of rural electrification is the improve-
ment of the quality of life. Nevertheless, this development can facilitate the intro-
duction of digital technologies. For that reason, a detailed overview of digital
technologies in the context of energy is also entailed in order to highlight the full
potential that is generated.

2 Digital Technologies Overview in the Context of Energy

Digital technologies can be defined as electronic tools, systems, devices and
resources that generate store or process data [23]. ICT on the other hand can be
defined as an extensional term for information and technology that stresses the role
of unified communications and the integration of telecommunications (telephone
lines and wireless signals) and computers, as well as necessary enterprise software,
middleware, storage, and audiovisual systems, that enable users to access, store,
transmit, and manipulate information [24]. In simple terms digital technologies are
more concerned with how the technologies are created and developed and ICT
technologies are more concerned with how these technologies are used.

Table 1 presents an extensive list of various digital technologies used in energy
systems in general and rural electrification systems in particular. The technological
status, as well as use examples are presented. As is expected with disruptive
technologies, start-up companies lead the way. The various technologies can impact
single or multiple stages of the development of a rural electrification project, as was
described in Sect. 3.5.

2.1 Commercially Available Digital Technologies

Artificial Intelligence

Artificial Intelligence or as also called machine intelligence refers to the ability of a
device to perceive its own environment, being able to take actions that increase its
possibility to achieve a requested outcome [25]. When referring to a computer’s
capacity to learn how to perform a particular task based on already existing data or
observation, artificial intelligence can be characterized as Computational Intelli-
gence. Computational intelligence includes several branches such as Fuzzy logic,
Artificial Neural Networks, Evolutionary Computation, Machine Learning and
Probabilistic methods [26, 27]. Moving forward to the cooperation of computational
intelligent systems, multi-agent as well as expert systems have emerged [28]. Many
Artificial Intelligence paradigms have been used in rural electrification with most
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Table 1 List of digital technologies

Digital
technology

Application
in the energy
sector

Application in
rural
electrification

Commercial
availability

Near-to
market
technology

Middle to
long term
technology

Artificial intelli-
gence
Computational

intelligence
Fuzzy logic,

artificial
Neural net-

works
Evolution-

ary computation
Machine

learning theory
Probabilistic

methods
Multi agent

systems
Expert

systems

√ √ √1

Internet of
Things

√ √ √2

Blockchain
Permissionless

or public
Permissioned

or private

√ √ √3

Cloud computing √ √ √4

Edge computing √ √ √5

Mobile
computing

√ √ √

Internet √ √ √
Virtual reality
Augmented
reality

√ √6

Big data √ √ √7

eSignature
Electronic
identity

√ √ √

Cyber security √ √ √
Wireless net-
works
Wireless data

networks
Mobile tele-

phony networks
Wireless

local area

√ √ √ √ √

(continued)
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Table 1 (continued)

Digital
technology

Application
in the energy
sector

Application in
rural
electrification

Commercial
availability

Near-to
market
technology

Middle to
long term
technology

networks
Wireless

sensor networks
Satellite

communication
networks

Geosyn-
chronous satel-
lites

Terrestrial
microwave net-
works

Wireless
power networks

Near field
networks
Wireless

power networks
Near field

networks
Far-field

networks

Unmanned
vehicles

√ √ √8

3D printing √ √ √9 √ √
Printed
electronics

√ √ √10 √ √

Ubiquitous com-
puting
Sentient com-

puting
Ubiquitous

commerce
Context aware

computing

√ √ √11 √ √

Fintech √ √ √ √ √
Alternative
finance
Peer-to-peer

lending
Crowdfunding

Cryptocurrencies

√ √ √12 √ √

Civic technology √ √ √ √
Quantum
computing

√

(continued)
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applications in the design and sizing of the microgrids, as well as in the energy
management system used.

Internet of Things (IoT)

The Internet of Things (IoT) is a scheme of interconnecting devices, each one
bearing a unique identifier. The scheme offers the ability of data transfer within
this network of individual devices excluding human involvement [29]. IoT is
enabled through the use of a variety of networks, sensors, automation and control
systems [30]. Many sensors and actuators used in microgrids are deployed on
Internet of Things topologies.

Table 1 (continued)

Digital
technology

Application
in the energy
sector

Application in
rural
electrification

Commercial
availability

Near-to
market
technology

Middle to
long term
technology

Molecular
electronics

√

Artificial
photosynthesis

√

Optical rectenna √
Cognitive robot-
ics
Superintelligence
DNA digital data
storage
Exascale com-
puting
Brain–computer
interface

√

Sources:
1https://www.advancedmicrogridsolutions.com
2https://www.dajie.eu
3https://lo3energy.com
4https://www.sparkmeter.io
5https://steama.co
6https://www.se.com/ww/en/work/services/field-services/industrial-automation/performance-opti
mization-services/ecostruxure-augmented-operator-advisor.jsp
7https://www.odysseyenergysolutions.com
8http://powercorner.com
9http://rcamtechnologies.com
10https://infinitypv.com
11https://www.theminigridgame.org
12https://www.ecoligo.investments
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Blockchain

A blockchain is the term used to describe a series of information blocks which are
interconnected with the use of cryptographic hashes [31]. Except from the individual
ID of the previous item, each block holds information in its header, along with data
from the current action, which are used to safeguard the consistency within the
blockchain with the use of a cryptographic hash [32]. Additionally, authorization
and validation mechanisms can be found within each chain for the reading and
writing operations of each block, a process that guarantees the security of the
transaction [33]. In rural electrification projects blockchain can be used both as a
backbone for implementing a pay-as-you-go scheme [34], but also as a tool for
financing microgrid investments [35].

Cloud Computing

The term cloud computing refers to the availability of computer systems resources
upon request It usually concerns the storage of data as well as computing power that
does not require the immediate assessment by the user [36]. Most often the term is
used to characterize data centers that are available to a large number of users. Cloud
computing contributes towards economies of scale and consistency through the
sharing of resources [37]. In the energy sector cloud computing is increasing its
use and is essentially the location to effectively store big data and manipulate them in
order to reach meaningful conclusions.

Edge Computing

Edge computing is essentially an optimization of cloud computing where data
processing is performed at the edge of the network [38]. This can be really important
for remote microgrids where internet access through mobile telephony networks is
intermittent. In those cases, operations can take place locally and when internet
connection becomes available functions like data storage on the cloud can take place.

Mobile Computing

Mobile computing refers to the synergy of humans and computers in which the
computer performs normally (allowing data transmission) but does not necessarily
maintain a specific position as it can be transported according to the user’s require-
ments [39]. Mobile computing is on the rise and even in rural areas of the developing
world many people have smart phones. Many pay-as-you-go models offer payments
through mobile phone applications.
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Internet

Internet is essentially the backbone of most ICT technologies.

Virtual Reality/Augmented Reality

Virtual or Augmented reality refers to a simulated experience that is designed to
resemble real world experiences [40]. Virtual reality is used mainly in training
activities and it has been proposed for use in remote areas so as to be able to train
local people for basic maintenance tasks. Augmented reality applications can bring
virtual reality features in the real environment. Current applications in the energy
sector include software that can aid a technician in performing tasks by seeing extra
information complementing his natural vision.

Big Data

The term big data is used to describe the computational field that deals with the
analysis and the extraction of data that cannot be processed with conventional data
analysis methods due to their size or complexity [41]. Storing large data and being
able to process them in order to get meaningful conclusions can be a very important
tool in logging trends and making the necessary decisions in order to increase energy
consumption, increase efficiency, forecast energy production from renewables and
overall better managing energy.

e-Signature/Electronic Identity

Electronic identification is a digital way to prove the identity of an individual or an
organization in order to access services or benefits that are managed for example by
companies, banks, governments etc. [42]. In the case of signing a document, the
electronic identity is usually verified with the use of e-signature. Estonia is one of the
world champions in the use of electronic identity for energy sector applications.
Electronic identities are used in the developing world for the implementation of
pay-as-you-go schemes for electricity.

Cyber Security

Cyber Security refers to the safeguarding of computer systems and networks against
damage or theft of their tangible and intangible parts (hardware, software or data),
along with the disturbance of the services they provide [43]. All digital systems need
to be protected. Proper cyber security measures need to be in place in any application
including for example the energy management system of a microgrid or the platform
that implements the payments for the electricity.
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Wireless Networks

A wireless network refers to a computer network that employs wireless data con-
nections between the network nodes that it is comprised of [44]. There is a vast array
of wireless data network technologies used extensively in energy systems in general
and in microgrids in the developing world in particular. Wireless power transmission
technologies are al-ready used in terms of charging very low power sensors in
microgrids. Research is ongoing for far-field power transmission technologies.

Unmanned Vehicles

Unmanned vehicles are autonomous vehicles that do not require an operator in order
to move. They can be either remotely operated or they can be autonomous and able
to perceive their environment and navigate on their own [45]. Unmanned vehicles
can be both ground and aerial (UGV’s and UAV’s respectively) and are used for the
automation of a variety of operations that require intensive labour, or considerable
amounts of time or resources [46, 47]. In rural electrification projects, unmanned
aerial vehicles have been used in microgrid projects in order to provide the input data
for the design of grids (pole locations).

3D Printing

3D printing (or additive manufacturing) refers to the manufacturing of three-
dimensional objects in which the material is joined under the control of a computer
[48]. The ability to be able to print parts in a remote location is invaluable. As the 3D
printers’ cost is decreasing, more applications are expected to be deployed
commercially.

Printing Electronics

Printing electronics is a term used to describe all those methods that are employed for
the manufacturing of electrical devices on a variety of different substrates
[49, 50]. Printed photovoltaics and batteries are already commercially available.
The ability to produce PVs and batteries in the country of application without the
need of very high cost equipment can further decrease costs.

Ubiquitous Computing

Ubiquitous computing refers to a computer science and software engineering
approach in which computing is available anytime and everywhere and in devices
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beyond the traditional desktop computing [51]. Ubiquitous computing is supported
with several other digital technologies including internet, networks, sensors etc. As a
term it is not used commercially many commercial applications can fall under this
technology. For example, a smart thermostat is essentially such a technology, as are
serious games. A mini-grid game has been developed in order to raise awareness
among the final users of how a mini-grid works.

Fintech

FinTech is a very broad term that can encompass any type of innovation related to
the financing of products or services. Mobile money for electricity pre-payments is
the most common example of use in rural electrification.

Alternative Finance

The term alternative finance refers to all those instruments, processes and channels
that are developed out of the traditional financial system. Many start-ups are
developing alternative finance solutions for rural electrification. Crowdfunding for
financing projects in the developing world is one example of this.

Civic Technology

Civic technology improves government-citizen relationships through the embed-
ment of information and communication technologies in decision-making, service
delivery, communications and political processes with the use of software [52]. A
digital nation based on civic technology can provide applications in the energy sector
as well. The best current example is Estonia. Rwanda is one of the Sub-Saharan
Africa countries that has embarked on this route, with most current applications
being in the transport sector.

2.2 Under Development Digital Technologies

Quantum Computing

Quantum Computing refers to the employment of quantum-mechanical phenomena
(e.g. Superposition and entanglement) for the execution of computing [53]. Actual
quantum computers are still in infancy, even though there is a model on sale for
15 mil USD [54]. Processing time on a quantum computer is also sold as a service.
As quantum computing becomes affordable and increase its performance against
conventional super computers it will allow extremely high computing potential for
low cost, expanding other applications as artificial intelligence, cloud computing etc.
facilitating and decreasing the cost of these technologies.
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Molecular Electronics

Molecular electronics is the study and application of molecular building blocks for
the fabrication of electronic components. Still at the research stage, photovoltaics
based on molecular electronics could increase efficiencies in the future and decrease
costs.

Artificial Photosynthesis

Artificial photosynthesis is a chemical process that replicates the natural process of
photosynthesis, a process that converts sunlight, water, and carbon dioxide into
carbohydrates and oxygen. Research of this topic includes the design and assembly
of devices for the direct production of solar fuels, photoelectrochemistry and its
application in fuel cells, and the engineering of enzymes and photoautotrophic
microorganisms for microbial biofuel and biohydrogen production from
sunlight [55].

Optical Rectenna

An optical rectenna is a rectenna (rectifying antenna) that works with visible or
infrared light. While rectennas have long been used for radio waves or microwaves,
an optical rectenna would operate the same way but with infrared or visible light,
turning it into electricity. Essentially an optical rectenna will improve considerably
the efficiency of photovoltaics while decreasing the cost [56].

Cognitive Robotics/Superintelligence/DNA Digital Data Storage/Exascale
Computing/Brain-Computer Interface

These technologies are still in their infancy but could in the future have applications
in the energy domain as well.

2.3 Digital Technology-Based Products and Services

As is observed in Table 1 there is a big number of digital technologies that have
found their way to rural electrification solutions. Innovative technologies can bring
cost down and help the developing countries to technology leapfrogging. While
some of these technologies are products on their own as for example is a printed
photovoltaic, other technologies need to be combined together in order to develop a
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product or service that can meaningfully address the needs of rural electrification.
This is showcased below with the example of the Pay-As-You-Go business model.

Revenue collection is one of the biggest challenges faced by rural electrification
investors [57]. Various models based on pre-payment have been used with success in
Sub-Saharan Africa in order to address this issue with success [58]. A traditional
post-paid meter measures the consumed energy. Most often an employee of the
electricity company goes and notes down the consumption in a predefined period of
time (e.g. monthly, semesterly etc.) and the electricity bills are derived from that.
Basic pre-paid meters measure the energy consumed as a post-paid meter but allow
the input of tokens or codes in order to allow further electricity consumption. Smart
meters measure and communicate payment and electricity consumption information
automatically. In rural electrification smart meters are further used to implement
energy management and control schemes. In its simplest version a smart meter is
equipped with a relay switch that activates and deactivates the provision of electric-
ity. The smart meters communicate with the control platform of the electricity
operator either wirelessly or with data cables. This control platform enables the
system operator (Solar Home System based or microgrid based) to monitor the
microgrid and at the same time the platform can allow the connection and discon-
nection of a consumer based on the pre-payment status.

In order for a consumer to top-up the electricity account a visit to a shop might be
in place. This has many drawbacks, with the most important one that the shop is
never open constantly. Mobile money is extensively used in the developing world
[59]. This is due to the fact that a big number of the population of these countries
doesn’t have access to the traditional banking system [60]. In this manner a mobile
phone application, or even an sms-based service can be used to pre-pay for electric-
ity. The pre-payment data is forwarded automatically to the system operator, who in
turns automatically activates the purchased electricity. As is presented a big number
of digital technologies are used in order to implement the pay-as-you-go service.
While this combination of technologies requires higher technical and business
capacities of the entities implementing it has been proven to have a strong potential
for faster rate of adoption than comparable approaches [61].

3 The Case of Rural Electrification

3.1 Overview

Rural electrification can provide major benefits to rural populations, since it can
facilitate improvement in health [62], education [63] and finally in the economic
development status [64]. Global experiences from ranging from the 30s up to the
current times have shown the benefits rural electrification can bring to the rural
communities in general and agriculture in particular. A review of the US electrifi-
cation program that took place between the 30s and the 60s showed that the short-
term benefits included new jobs creation and increase of rural farms population,
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boosting the rural economy. In the long-term it has been observed that the electri-
fication of agricultural activities has produced long-lasting effects to the local
communities with the ones that got electrified first to show constantly increased
economic growth even after the whole country was electrified [65]. In South Korea
the rural electrification program lasted 15 years, increasing rural access to electricity
from 12% up to 98%. This contributed extensively to increased income and
improvement in the quality of life for the majority of the population [66]. In more
recent years, the Chinese rural electrification program was deployed. It focused
mainly in agriculture and one of the most important outcomes was a considerable
increase of the farmers’ income [67].

3.2 Productive Uses of Energy

The only way to ensure revenues and make a rural electrification investment viable is
to create sustainable economic activity in the area [68]. This translates to powering
specific devices and appliances such as water pumping for irrigation, water desali-
nation, refrigeration of agricultural produce, space heating and cooling, incubators
for poultry farming, milking machines, rice and maize hullers, polishers, threshers,
graters, grain mills, oil presses, tailoring, workshop machinery (e.g., drills, chain-
saws, rotary hammers, grinders, jigsaws, routers, etc.) and hairdresser equipment,
among others [69]. Agriculture related loads need to be in priority, since experience
has shown that these are activities causing from the short-term income increase
[70, 71].

3.3 Measuring Access

The Sustainable Development Goal 7 of the United Nations is “Ensuring access to
affordable, reliable, sustainable and modern energy for all”. While the target is
precise enough the question arises on what is considered having access. Having
access is certainly any type of grid connection. The answer is more trivial for off-grid
access. What kind of access does a Solar Home System (SHS) provide or is it
considered having access if you have a solar lantern that is able to also charge your
mobile phone? In order to respond to this need, the United Nations Global Tracking
Network for Sustainable Energy for All has proposed a multi-tier framework, which
is a comprehensive approach in measuring access [72]. The main attributes of this
framework are:

• Five-tier framework
• Based on six attributes of electricity supply
• With electricity supply improvement, there is an increase in the possible electric-

ity services availability
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The Index of access to electricity is defined as: i¼ ∑ PT� T, where : PT refers to
the proportion of households at tier T 2 {0, 1, . . ., 5.}.

Table 2 presents the main attributes of each tier, while Table 3 presents the main
services provided. As is understandable, high energy efficiency devices and appli-
ances need to be used in order to achieve cost effectively each Tier access.

An important remark that can be made is that the solar lamp able to provide phone
charging is indeed considered having access. The 1 bn people currently in the world
without access to electricity [73] do not have access even to this very basic service.

3.4 Techno-Economic Considerations in Rural
Electrification

There are three main categories of approaches that can be used for rural electrifica-
tion [74]:

• Grid Extension
Grid extension is essentially concerned with developing new high, medium

and low voltage lines to reach the points of electricity use.
• Microgrids

According to the IEEE Standard 2030.7-2017 a microgrid is a group of
interconnected loads and distributed energy resources with clearly defined elec-
trical boundaries that acts as a single controllable entity with respect to the grid
and can connect and disconnect from the grid to enable it to operate in both grid-

Table 2 Access Tier attributes

Attributes
Tier
0

Tier
1

Tier
2

Tier
3 Tier 4 Tier 5

Peak available
capacity (W)

– >3 >50 >200 >800 >2000

Duration (h) – �4 �4 �8 �16 �23

Evening supply
(h)

– �1 �2 �3 �4 �4

Reliability – – – – Max 14 disrup-
tions per week

Max 3 disruptions per week
of total duration <2 h

Quality – – – – Voltage problems do not affect the use of
desired appliances

Affordability – – – Cost of a standard consumption package of 365 kWh
year�1 <5% of the household income

Legality – – – – Bill paid to the utility, pre-paid card seller or
authorized representative

Health and
safety

– – – – Absence of past accidents and perception of
high risk in the future

Source: [72] Bhatia M., Angelou N., “Beyond Connections—Energy Access Redefined”, 2015,
ESMAP, World Bank
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connected or island modes. As can be understood, when a microgrid is deployed
in a rural area it operates in islanded mode. If in the future the main grid is
expanded to reach the area previously served by the microgrid, the microgrid
infrastructure can continue to be utilized.

• Solar Home Systems (SHS)
Solar home systems are stand-alone systems most often consisting of photo-

voltaic panels (PV) and batteries. They can provide either AC or DC electricity
depending on its size. The SHS market is currently booming in Africa [75] and
usually these systems are sold in kits which include the appliances/devices that
can be powered by it, most often lamps, fans, radios and televisions.

The related cost for each of the above approaches is estimated between 2000
and 3000 USD for grid extension, between 500 and 1200 USD for microgrids and
between 150 and 500 USD for Solar Home Systems [76]. As is understandable,
and given the very challenging economic conditions of developing countries, grid
extension is many times prohibitive due to the related high cost. As such, off-grid
systems are expected to play a very important role in future rural electrification
activities [77]. The decision whether to go for SHSs or a microgrid is the result of
a techno-economic evaluation of both approaches for any given location, with the
population density being one of the most important factors [78].

A note has to be made here in relation to high power autonomous systems that
can be deployed in order to meet a specific load in a given location. An example
for this might be a system to power a water pump. Currently, even for those
systems, the microgrid topology is used, with no actual grid infrastructure,
powering only the single load.

The International Finance Corporation of the World Bank Group has
performed an extensive study of microgrids in operation in Sub-Saharan Africa.
The main results of this study are presented in Table 4. It is interesting to see that
households pay on average 7 USD per month for their monthly electricity bill,
while the average access is Tier 2. The average connection cost is 920 USD. The
payback period is more than 7 years on average, while it has to be noted that
various forms of financing including grants are considered. Finally, a very

Table 3 Services provided in each Tier

Tier
0 Tier 1 Tier 2 Tier 3 Tier 4 Tier 5

– Task
lighting
AND
Phone
charging

General
lighting
AND phone
charging
AND televi-
sion
AND fan
(if needed)

Tier 2
AND
Any medium-
power appliances

Tier 3
AND
Any high-power
appliances

Tier 2
AND
Any very high-
power appliances

Source: [72] Bhatia M., Angelou N., “Beyond Connections—Energy Access Redefined”, 2015,
ESMAP, World Bank
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important aspect to note is that currently the cost split between distribution and
generation is 50–50%. This means that the poles and cables cost as much as the
photovoltaics and batteries used in the microgrids. This highlights the importance
of population density, as a highly dispersed population in a given area might be
better electrified through solar home systems instead of microgrids.

3.5 Deployment of a Rural Electrification Project

A rural electrification project is deployed in three major stages, each consisting of a
number of sub-stages (Fig. 1) [79].

1. Project development and pre-installation
2. Design, procurement, installation and commissioning
3. Post commissioning and sustaining the project

Each of these phases is further detailed in the following sections.

Project Development and Pre-installation

(a) Site selection
During this step you identify the site where the microgrid will be installed. Many
factors can affect this choice like distance from the main grid, economic status of
the community, acceptance of the electrification project by the community,
renewable energies potential etc.

(b) Feasibility studies and surveys

Table 4 Summary of findings of Benchmarking microgrids in Sub-Saharan Africa

Indicator Value

Monthly average revenue per user 7 USD

Average investment per user 920 USD

Tier 2 average residential consumption 11 kWh m�1

Average generation capacity 34 kW

Average number of connections ~100

A/C vs. D/C 85% vs. 15%

OPEX as a % of revenue 58%

Average capital expenditure (CAPEX) payback period >7 years

Split of CAPEX spending on distribution vs generation 50–50%

Average Distance from National Grid 23 km

Source: International Finance Corporation WBG. Benchmarking Mini-grid DESCOs 2017
update—Summary of Findings, 2018
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In this step data is collected for the chosen site. Surveys take place in order to
develop the load profile and the agricultural productive uses, as well as market
related data.

(c) Project development activities
The availability and cost of various technologies that can potentially be

employed is assessed. The process of obtaining needed licenses and approvals
is initiated. Local contracts are also developed in this stage.

(d) Establishment of the institutional setup
This step is concerned with the setup of a local governance body. Capacity

building activities for both the management structure and the users is initiated.

Design, Procurement, Installation and Commissioning

(a) Project design
The final project design is developed. This includes the development of the
topology and the detailed list of the various components that are going to be
needed.

(b) Procurement
A thorough market search is made and the needed components are procured.

(c) Installation and commissioning
The microgrid is installed. This includes both the generation and storage as

well as the distribution grid. The system is commissioned and delivered to the
system operator.

Post commissioning and sustaining the project

Operation, maintenance and monitoring Business development

Design, procurement, installation and commissioning

Project design Procurement Installation and 
commissioning

Project development and pre-installation

Site Selection Feasibility Studies 
and Surveys

Project Development 
Activities 

Establishment of 
Institutional Setup

Fig. 1 Stages for the deployment of a rural electrification project
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Post Commissioning and Sustaining the Project

(a) Operation, maintenance and monitoring
This is concerned with the proper technical operation of the microgrid.

(b) Business development
This is concerned with the business model implementation, which needs to

provide the proper cash-flows and profit of the investment on a whole, ensuring
its economic viability and sustainability.

4 Discussion: Conclusions

This paper has investigated the interrelations of agriculture, rural electrification and
digital technologies. Poverty is acknowledged by the UN as the greatest global
challenge to be addressed. The rural areas of the developing world are where extreme
poverty is observed. Rural development is recognized as the most important
approach in poverty alleviation in those areas. Thus, agriculture still remains the
main economy sector to be targeted first in the rural areas of the poorest of the poor
countries. Agricultural electrification is the investment that makes the most sense in
those rural locations, since it can have a very strong impact from the start in terms of
the quality and quantity of agricultural production. Rural electrification ensures the
availability of energy in remote and developing areas which is crucial in agricultural
operations, especially when there is a demand for increased primary production
which is the foundation of development.

The increased agricultural production increases the income of the rural commu-
nities and this in turn can stimulate other economic activities in the area, fostering
overall development. Economic development, offering new employment opportuni-
ties, of rural areas can contribute to poverty and hunger elimination adding also to
the social benefits. The improvements of economic and social status of developing
regions can lead to the adoption of new technologies that can contribute to increased
production through the improvement of operations efficiency. New technologies
also reduce the environmental impact of agricultural production which is severe
taking into account the traditional intensified method of agricultural production.

Towards that direction digital technologies aim at reducing the required agricul-
tural inputs increasing the overall sustainability of agricultural production. Digital
technologies are essentially an enabler of rural electrification. They can decrease
costs in all stages of a rural electrification project deployment and also address
technical and non-technical challenges faced in the operation stage. Their application
has to be sought and supported. Research is still strong and further benefits are
expected in the future.
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A Circular Precision Farming System
Towards the Optimization of Dairy
Value-Chains

Maria Lampridi, Theodora Angelopoulou, Aristotelis C. Tagarakis,
and Dionysis D. Bochtis

1 Introduction

Conventional farming practices regarding livestock and associated crops pose sig-
nificant issues that could lead to inappropriate use and application of resources such
as water for livestock (water use per kg of beef produced may range from 27 to
200,000 L) [1], feed, irrigation water, fertilizers and agrochemicals. This can result
in non-optimized value chains in the production systems, and insufficient data
handling and processing. Agriculture contributes the 10% of total greenhouse gas
emissions in the EU-28 with main sources the enteric fermentation from ruminants,
soil nitrification and denitrification and manure decomposition [2]. Specifically, 94%
of ammonia emissions is due to agriculture and since 2012 these emissions have
increased. It has been estimated that the total annual cost to the EU of nitrogen
pollution’s environmental impacts is between 70 billion and 320 billion euros
[3]. The Paris Agreement confirmed that “all sectors need to contribute” to a
reduction in overall Greenhouse Gas (GHG) emissions [4]. Under the policy frame-
work for climate and energy, a GHG emission reduction of 40% by 2030 and 80% by
2050 compared to the 1990 emissions levels, has been proposed [5]. In addition to
the above the mechanization of farm and field production has resulted in an increased
direct and indirect energy consumption that is mostly dependent on fossils fuels.
Although the direct energy accounted for 3.2% of final energy consumption in the
EU in 2018, agriculture, plays a significant role to the depletion of non-renewable
energy resources and to global warming through energy-related emissions [6, 7].

M. Lampridi (*) · T. Angelopoulou · A. C. Tagarakis · D. D. Bochtis
Institute for Bio-economy and Agri-technology (iBO), Centre for Research and Technology
Hellas (CERTH), Thessaloniki, Greece
e-mail: m.lampridi@certh.gr

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
D. D. Bochtis et al. (eds.), Information and Communication Technologies
for Agriculture—Theme IV: Actions, Springer Optimization and Its Applications 185,
https://doi.org/10.1007/978-3-030-84156-0_4

77

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-84156-0_4&domain=pdf
mailto:m.lampridi@certh.gr
https://doi.org/10.1007/978-3-030-84156-0_4#DOI


Agricultural practices are related to various emissions and run-offs of pollutants
to land, water and air [8]. Specifically, the intensity of fertilizer use in combination to
the low use efficiency of fertilizers, mainly nitrogen, by the crops lead to severe
environmental impacts [9]. The inefficient application of nutrients leads to nutrient
run-off from fields that could result to increased nitrate and phosphorus levels in
ground and surface water reservoirs causing eutrophication, acidification [10], and
soil heavy metal pollution from phosphate rock which is used for the production of
phosphorous based fertilizers [11]. Nitrogen can also be lost from farms to the
atmosphere in the form of gaseous, nitrogen-based compounds, i.e., ammonia and
nitrogen oxides that are harmful for both humans, the local ecosystem, and the
environment in general [12]. Regarding animal production, there are also critical
issues that need to be addressed in order to increase the overall system’s sustain-
ability. Livestock contributes to GHG emissions through methane (CH4), nitrous
oxide (N2O) and carbon dioxide (CO2) production.

Overall, the global livestock sector contributes up to 72% of the agricultural N2O
emissions and about 80% of agricultural CH4 [13]. These emissions result directly
from enteric fermentation and manure management and indirectly mainly from land
use changes, such as livestock-induced desertification that causes carbon oxidation
and could result in 100 million tons of CO2 emissions, from feed production and on
farm fossil fuel use [14]. Agriculture also requires large amounts of water for
irrigation, livestock consumption, cleaning and other uses and while the amount
used varies with region, it can reach up to nearly 90% of all water consumption as
occurred in regions in Southern Europe [15]. However, improvements related to
water conservation in crop and livestock management (e.g., crop/livestock integra-
tion with the use of crop by-products by livestock) are feasible. In addition, precision
irrigation, a modern irrigation management concept, aims at supporting the optimum
water needs of plants through spending minimum resources and energy. Finally,
another environmental friendly agricultural practice is the controlled traffic farming
(CTF) [16–19]. CTF employs permanent parallel tracks on the field area to where the
machinery traffic is restricted. CTF minimizes soil compaction, an effect that is
directly connected with machinery power requirements, cultivation energy require-
ments, and the corresponding CO2 emissions, and in terms of plant health soil
compaction generates difficulties in plant emergence and growth leading to reduced
yields (reduced yield is translated to increased environmental footprint per product
mass unit). Beyond increased yield potential and energy savings, other recorded
benefits derived from CTF implementation include the educed loss of CO2 and the
minimization of water runoff [20–23]. One challenge for the implementation of
CTF, is the requirement for a new view on the operations planning and execution
[24–26]. However, tools developed in operations management of field machinery
make it possible for CTF systems to efficiently apply to the majority of cropping
systems [24, 27–31].

Nowadays, consumers are more interested in high quality products that are safe
and have been produced in an environmentally and socially responsible way
[32, 33]. In order to achieve sustainable crop production, the implementation of
good farming practices that follow ecosystem-based approaches need to be adopted
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[34, 35]. These practices integrate knowledge on biodiversity and ecosystem man-
agement utilizing information and communication technology (ICT) [36–40]. Their
implementation is primarily at a local scale, and include agricultural management
practices, approaches and technologies towards high yield production and resource
optimization while maintaining and/or enhancing environmental sustainability
[41, 42]. From livestock perspective to achieve the highest production efficiency
with limited environmental impact, livestock should be managed in a way to meet
the animals’ needs according to their genetic potential (optimum feed for minimum
manure and highest productivity) [43].

The implementation of Precision Farming approaches has enabled the manage-
ment of variability at field and farm level in order to improve the economic benefit
while reducing the environmental impact [44]. Combing Precision Farming
approaches with the principles of circular economy [45], by means of creating
close-loop systems that minimize the use of inputs and reduce pollution, waste and
carbon emissions, the concept of Circular Precision Farming (CPF) could arise.
These approaches aim to enable farmers to plan, measure and monitor all aspects of
the farming system in order to calculate the appropriate nutritional requirements of
crops and animals and apply in the most cost-effective and environmentally
friendly way.

2 The Importance of Circular Precision Farming

Conventional agricultural practices along with inadequate operation and data
processing have proved to lead to non-optimal value chains, with adverse conse-
quences to the producers and consumers [46–48]. Especially in the dairy industry, a
large number of different inputs is involved, taking into account that milk production
includes both crop (used for feed) and livestock farming [49]. Considering the
above, dairy farming shows great potential for improvement in various production
processes aiming at input reduction, taking advantage of the rapid development of
ICT technologies. Consequently, it is important to investigate the mitigation poten-
tial of the environmental impacts of the entire production process of agricultural
systems, both in the crop and dairy section, their by-products, and the management
of agricultural waste in a circular system. More specifically, all the important issues
related to ineffective and unsustainable agricultural practices that lead to inappro-
priate or less efficient use of resources (such as water and fertilizers) should be
addressed.

Water is one of the most important resources in agricultural production [50],
while agriculture is one of the most water demanding sectors requiring more than
70% of the total water consumption globally (FAO, 2015). Thus, the need for
limiting its use has triggered several potential actions and developments. More
specifically innovative irrigation techniques can be investigated aiming at reducing
inputs and subsequently the environmental cost of cultivating field crops [51]. Addi-
tionally, modern irrigation methods with high irrigation efficiency, such as deficient

A Circular Precision Farming System Towards the Optimization of Dairy. . . 79



irrigation and Fixed Partial Root zone Drying (FPRD) using modern irrigation
systems such as drip irrigation [52, 53], subsurface irrigation and advanced man-
agement practices such as smart irrigation, should be investigated further. The
effectiveness of irrigation is an issue examined in almost all commercial crops;
however, it has still not been thoroughly investigated under an integrated assessment
system. Lastly, the relationship between the physiological and morphological char-
acteristics of crops grown for feed, as well as optimal fertilization and irrigation
levels should be examined in order to determine the ways in which these character-
istics can be used for effective use of water. For example, the selection of varieties
that are more resistant to water deficiency based on specific morphological and
agronomical characteristics, would lead to increased water use efficiency and higher
yields in dry climates [54].

Basic aim of the above is to decrease the environmental impact of the activities of
the entire production chain of dairy units. This can be achieved through the utiliza-
tion of modern technologies for reduction of inputs and improved waste manage-
ment, in both crop and animal production, as well as in the processing and
standardization of dairy products. Several economically sustainable advanced
“smart farming” and “smart processing” technologies and tools are being developed
towards that direction [55]. These tools incorporate multiple levels of decision
making in agricultural holdings, examining and combining business intelligence,
engineering and computer science systems [56]. All these systems can be incorpo-
rated in an integrated milk production management system which sets the basis for
the development of a Circular Precision Farming system that supports circular
farming decision making.

2.1 Chapter’s Focus

In the context of this work, the development of a system based on algorithms for
optimizing crop yield and livestock productivity is discussed. Several data from
various sources can be used as inputs to this system; positioning data (GPS),
geographic information system’s data (GIS), remote and proximal sensing data,
data from crop, soil [57], and weather sensors (form Internet of Things - IoT
systems) as well as data from agricultural machinery (as applied maps of irrigation,
seeds, fertilizers, pesticides etc.) [31, 58–62], and a wide range of other sources. The
aforementioned data, as inputs to a circular precision farming system, are appropri-
ately translated and used in order to analyze production efficiency. Such systems,
along with the development of the appropriate algorithms, can also support the use of
waste and the sub-products in the production process, offering the producer an
integrated decision support tool for circular farming [63, 64]. The integration of all
the different levels of information may be an issue; however, data fusion algorithms
offer the potential to combine information from many different sources (GPS, GIS,
IoT, crop and soil sensors etc.). Emphasis is also given to the ease of use, considering
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that such systems should be aimed at people that do not often have the required
familiarity with complex technologically advanced systems [65, 66].

Concluding, the present chapter focuses on the development of a circular preci-
sion farming system which aims at addressing the following basic issues:

– Develop eco-efficient and sustainable farming processes to minimize inputs in
crop and dairy production while offering support in decision making.

– Optimize milk and crop production with respect to quantity, quality, corporate
social responsibility standards, and satisfaction of the upcoming consumer
requirements.

– Minimize the environmental impact of milk and crop production process and
prepare mitigation strategies in order to tackle climate change.

3 Conceptualization of a Circular Precision Farming
System

Recent research has identified that there is lack of systematic research on circular
agriculture. Key innovation gaps appear in issues related to soil fertility, crop
management, animal behavior and feed distribution, parameters that limit the sus-
tainable optimization of integrated dairy production systems. Hence, in order to
develop an integrated circular precision farming system, several methodological
steps should be taken. As mentioned above, this work discusses the concept of
developing a system for optimizing the yield of crops grown for feed, and the
productivity of livestock, in vertical milk producing dairy farms. A general repre-
sentation of the system’s flow is presented in Fig. 1.

Focusing on the milk production sector, the examination of the entire value chain
requires the consideration of a large number of different research subjects. These
research subjects include aspects related to feed production, feed supply chain, feed
nutritional value, animal management, precision nutrition, optimization of animal
housing conditions, production process optimization, production of “green” prod-
ucts, and management of waste and by-products.

The description of the data and the criteria for selecting the inputs and outputs at
the life cycle stages of milk production, can be divided in three categories with
respect to the production processes, namely initial, main, and final (Fig. 2).

• Initial processes include the inputs of raw materials and energy to produce 1 L of
raw milk from dairy cows. These comprise mainly inputs regarding crop produc-
tion. More specifically, they include the crop management applications
and harvesting techniques used in feed production; irrigation water, energy, and
fuel consumption for field cultivation, the amount of seeds, fertilizers and pesti-
cides used, transportation of the produced feed, and the emissions of gaseous
pollutants from machinery.
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• Main processes include the ones involved in the feeding of dairy cows for
delivering the final product (raw cow’s milk), and can be summarized as follows;
first, is the on-farm feed production, the energy consumption, the amount of water
used, and the emissions from intestinal fermentation. In addition, the external
transport of raw materials used on the holding (main and complementary feed
purchased) is assessed. Also, the materials used on the farm for cleaning, straw

Fig. 1 Representation of
the circular management
system for vertical milk
production in dairy farms

Fig. 2 Milk production system boundaries
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used as a bedding, maintenance procedures for the machinery and equipment
used are considered. Lastly, the treatment of the waste generated on the farm and
the impact on energy production and fuel used by the holding is included.

• Final processes include the transport of fresh cow’s milk to the collection station
of the processing unit. The energy and fuel consumption as well as the effects of
their use are assessed. It should be noted that the processes of the production
system do not include the production of equipment and construction of buildings.
However, the production of raw materials used as well as the manufacturing
processes can be included.

Considering the above, the development of an integrated circular precision
farming system strongly depends on the appropriate collection of data. The data
collected should map the entire production chain starting with animal feed produc-
tion and following all the processes, the inputs and outputs of the system until the
final production of milk products. Additionally, data modeling of the production
procedures can be distinguished in modeling of primary data related to the field,
crop, and animals status, and operational level data modeling which concerns the
methods of production (Fig. 3). The above can be integrated into a holistic agricul-
tural information system that leads to optimization and holistic assessment of farm
information.

In that light the primary data collection begins at field level and concerns data
related to soil and crop management in-field applications, and crop yield and quality.
With the rise of IoT and sensing technologies in agricultural systems, a variety of
sensors are made available providing detailed spatial information in the framework
of precision farming. Thus, mapping of soil and crop properties, using remote and
proximal sensors can provide detailed information producing large amount of data
that can feed management information systems.

In the integrated circular precision farming system for dairy production, the
quality of the produced yield at field level, is directly related to the quality of the
produced animal feed. The next step is the modeling of the procedures at animal

Fig. 3 Levels of data Collection of an integrated circular precision farming system
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level, with the monitoring of the feed intake along with the animal living conditions
and all the parameters that affect their behavior. Data modeling at operational level,
includes the assessment of fertilizing and the harvesting programming in the field
level, while from the livestock side it includes the management of the animal
building environment. Lastly the modeling of the data at agricultural system level,
includes the optimization and integration in an advanced farm management infor-
mation system. All the above are presented in detail in the sections that follow.

3.1 Model Data at Animal and Crop Production Level

The required areas of data modeling in the animal and crop level are summarized in
Fig. 4. The assessment of milk production chain begins with the production of
animal feed. Cultivating crops is an important source of feed required for milk
producing animals. Thus, yield should be monitored, and yield estimation should
be attempted in early stages as possible, in order to safeguard the adequacy of feed

Fig. 4 Elements of modeling data at animal and field level
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for the animals. Nevertheless, the quality assessment of the harvested crop is
particularly important since it is related to the protein content of the produced
feed, and consequently the animals’ nutrition. The quantity and the quality of the
produced feed is affected by soil fertility and crop management practices.

Application of alternative sources of fertilizer, such as green manure and organic
residues, can decrease greenhouse gas emissions reducing the environmental cost.
Consequently, the effect of chemical fertilization should be studied along with the
use of green manure and other organic residues in fields cultivated for feed produc-
tion. The assessment of soil nutrient status is widely performed through the collec-
tion and analysis of soil samples. The consequence of this practice is the increased
cost. Therefore, a need arises for the development of automated and cost-effective
methods for determining the spatial variation of nutrients and other properties related
to soil fertility aiding in the assessment of the effect of fertilization. Further, adding
to the reduction of the negative environmental impacts related to agriculture, the
utilization of irrigation water should be assessed with the basic aim of improving
water use efficiency.

The use of deficient irrigation and partial wetting of the rhizosphere to reduce
water inflows should be investigated. In addition, advanced monitoring systems
using wireless sensors have been developed and used for more efficient irrigation
management. These systems, as part of the Internet of Things (IoT), can remotely
and constantly monitor basic properties such as soil water content, solar radiation,
precipitation, evapotranspiration etc., and provide information for localized weather
forecast. Thus, the optimal timing and amount of irrigation can be assessed.

The combination of soil quality data along with the mapping of crop growth
(using proximal crop sensors mounted on tractors or unmanned aerial vehicles—
UAVs) and yield can lead to better crop management and provide all the valuable
information with respect to the available feed produced in-farm. Furthermore, the
feed intake of cattle can be monitored using microphones and accelerometers. The
above data are related to the nutritional care of animals, however, the variations in
animal behavior in relation to their living environment should also be monitored and
assessed. This can be achieved with the help of precision livestock farming tech-
nologies that emphasize in the management of the environment of animal housing,
since their behavior is affected to a great extent by thermal comfort and their overall
conditions of living, along with the availability of animal feed.

The animal housing conditions and feeding program should be monitored and
recorded. Specific wireless sensors are available on the market making IoT part of
the advanced systems utilized in modern farms to remotely monitor the key param-
eters for securing optimal housing conditions for the animals. Additionally, the
individual daily milk production should be recorded in order to determine the total
milk production. With respect to the evaluation of the animal feeding process the
following recording and monitoring procedures can be followed in regular intervals:

(a) Examination of the feed during feeding, to determine the optimal size of silage
pieces and assess the nutritional behavior of cows.
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(b) Assessment of rumination by observation or with the use of dedicated sensing
devices such as rumination collars.

(c) Stool assessment (color, consistency, content) by observation and use of a
special filter for chemical analysis (nitrogen, phosphorus, starch).

(d) Assessment of the mobility of animals by observing their exit from the milking
parlor.

(e) Milk sampling to examine its chemical composition and determination of the
number of somatic cells.

3.2 Model Data at Operational Level

The operational level concerns the assessment of the operating parameters related to
milk production (Fig. 5). The operating parameters affect the inputs as well as the
generated emissions of the production process. With respect to crop production, the
optimization of fertilizer application, can result in nutrient losses, emission and
packaging waste minimization through optimal routing and machine control. In
addition, optimization of routing planning during harvest based on the biomass
capacity of the plants, along with other operational restrictions, can result to increase
in the effectiveness along with input reduction (e.g. fuel). Regarding the environ-
mental impacts related to animal living, buildings for housing cattle and housing

Fig. 5 Model data at the operational level
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conditions, can contribute to NH3 emissions [67]. Thus, there is a need to study the
behavior of livestock in relation to their thermal comfort and NH3 emission levels in
relation to the automation of animal housing buildings (floor cleaners, building
openings).

Adding to the above, the produced waste should be assessed by calculating the
total waste volume of the dairy unit. The relationship between the generated waste
and the methods of their collection, transportation and storage should be examined
depending on the feeding method applied. The waste management system should be
considered since it affects the health of the cattle and the production of high-quality
milk. It is also related to surface and underground water pollution in case the waste is
improperly discarded, collected or stored. Ideally, waste from livestock farms,
should be evaluated with respect to its energy content, with the procedure of
anaerobic digestion, in order to examine the potential for biogas production. Addi-
tionally, there is potential of producing manure to be applied as organic fertilizer,
returning to the system as feed for the plants.

At operational level, the assessment of the aforementioned serious environmental
impacts, related to milk production, in the entire supply chain of milk production is
imperative. These impacts must be examined for all the stages of the production
process including the feed cultivation and production, the energy demand for the
housing and the feeding of cattle and the final production and transportation of milk.
The environmental impact assessment can be carried out throughout the product’s
life cycle and more specifically through the modeling of the production process and
the use of Life Cycle Analysis [68].

3.3 Modeling Data at Agricultural System Level

The combination of all the in-field and operational parameters provides the required
information for optimization of the agricultural system on the basis of sustainability.
To that end, the basic sustainability parameters and thresholds as well as the optimal
operational methods that must be followed should be determined. Mapping the milk
supply chain and recording the stages that are mostly responsible of the environ-
mental burden caused (hotspots), as presented in the previous sections, are essential
for the optimization of the entire agricultural system examined. Supply chain
optimization can be achieved using simulation based on environmental and eco-
nomic performance criteria, utilizing the data collected in real time along with the
use of a relevant information system.

Agricultural System modelling includes algorithms that integrate the operation
and primary data through the development of a digital tool for data integration at
various levels of the production process and the operation of precision farming
algorithms. This Circular Farm Management Information System incorporates all
the information related to the supply chain providing guidelines for the optimization
of the production system. The development of such a system includes several stages
as presented in Fig. 6. First stage is the determination of operational and technical
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specifications of a circular precision farming system. The operational characteristics
and the architecture of the system is based on extensive research on the available
Information and Communication Technologies (ICT).

Next, the application programming interface (API) is developed, for the commu-
nication with other software and/or the exchange of data. Τo access the data, the API
interface should comply with the latest safety technologies regarding the personal
data protection of the final users. For the management of the collected information, a
Graphic User Interface (GUI) should be developed; a graphic environment which is
used for the assessment of the Internet of Things (IoT) platforms and the extraction
of the different data sources that can be managed by the system. Through the
system’s GUI, the user makes a request and receives the results in easy to view
and interpret form. Its development can be based on modern web technologies
(HTML5, CSS3, JavaScript, Websockets) in order to provide the end user with an
enhanced web 3.0 experience. Finally, for the verification of the system an internal
quality assurance procedure should be followed to ensure that the software meets the
operational and technical specifications and minimize the number of operational
errors.

4 Expected Outputs

Circular Precision Farming is an innovative concept aiming at utilizing the modern
technological revolution and the possibilities of ICT and IoT to interconnect all
respective processes in the dairy production and other related agricultural practices.
The benefits from the implementation of CPF, lay on the development of state-of-
the-art software and tools based on modern ICT that will help farmers and dairy
companies in making decisions at strategic, tactic, and operational level. More
specifically it helps setting the ground for vertical integration of production to

Fig. 6 Stages of development of a circular precision farming system
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produce competitive and sustainable dairy products with low environmental impact
(green products). This will be achieved by improving the efficiency of agricultural
production in terms of quantity, quality, environmental performance, and corporate
social responsibility. It is also expected to promote synergies between the stake-
holders and the different stages in the agricultural economy while it creates highly
educated human resources, trained in precision agriculture technologies. Finally,
analysis of consumers’ needs will lead to products that better meet their requirements
by mapping the milk market, emphasizing on environmentally certified products
while evaluating market viability.

More specifically, through modelling data at animal and field crop level, the
development of automated technologies that could be utilized from the first steps of
crop cultivation can be enabled. Starting from soil monitoring, by utilizing govern-
mental databases and sensor crop monitoring using remote and proximal sensing,
high resolution digital soil and crop maps can be created. In addition, IoT weather
devices can monitor weather and soil water content. The analysis of these datasets
will assist in crop planning and subsequently animal feed production. The applica-
tions based on this planning, may include precision seeding at different spatio-
temporal conditions and optimization of the fertilization procedure with site specific
application and optimal irrigation management, minimizing inputs. In the next stage
of the dairy production process, linking data on feed quality, feed intake and animal
performance can help optimize feed delivery strategies. Controlling the building
environment of animal housing through ventilation system specifications with real
time management of the microclimate, promotes animal welfare and reduces energy
consumption. The development of prototype algorithms for monitoring animal
health and welfare, can result in controlling the overuse of antibiotics with the
development of a system for recognition of animal motion parameters for diseases
warning in early stages.

Integrating all these aspects throughout the steps of the milk production chain,
will lead to the development of an advanced Farm Management Information System
that facilitates sustainable oriented benefits to operations within a dairy farming
system, addressing possible threats associated with the production goals. The inte-
gration of information about logistics, waste management, biomass exploitation and
other parameters, results in the optimization of reverse supply chain networks, and
better exploitation of animal waste. In addition, life cycle assessment analysis also
assists in the development of the decision support tool. This in turn can provide with
sustainability indicators identification on the primary sector. Integrating a diverse set
of data in the farm management system, could provide valuable information, specific
for their respective crops and dairy production, in timely manner.

The applicability and reliability of the previously mentioned systems was dem-
onstrated in the case of a real vertical milk production. It is worth mentioning that the
selection of a vertical Small Medium Enterprise (SME) specialized in milk produc-
tion, allows for the replicability of the model and its adoption from a large number of
enterprises in the sector. Considering the above, the competitiveness of the produc-
tion units is expected to increase through the increase of their efficiency (due to
lower inputs) and the attractiveness of the products (environmental certification
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potential). At the same time, a competitive strategy based on the growing sensitivity
of the public in matters of environmental protection and sustainability, as well as
animal welfare (ethical buying), is an effective response to the growing pressure
applied to the industry by cheap imported products in the market.

5 Conclusions

Conventional farm management systems can lead to environmental degradation and
are not considered cost effective. To date, there are still issues that need to be
addressed as farmers are not always sufficiently aware of optimal livestock and
associated crops production management practices. There is also lack of low cost
and effective technologies and methods to manage the complexities of the entirety of
farm resources. Farmers require multidisciplinary expertise to transform data into
knowledge suitable for decision-making, to monitor and interpret essential, strongly
interrelated indicators, such as soil readiness, nutrient efficiency, product quality and
animal welfare. Tools currently available on the market, mainly focus on partial
solutions, without providing meaningful and actionable recommendations on a
systematic approach that can use the most efficient means to generate consistent,
optimum global results. This is also dominant for smallholders who work with very
few inputs, and limited resources and machinery.

The implementation of Circular Precision Farming approaches can be considered
as the path for achieving sustainable development in agriculture. Following the basic
principles of this concept by reducing the inputs and waste during the life cycle of
agricultural products the benefits could be multidimensional regarding the environ-
ment and socio-economic impact. There are many efforts towards these goals;
however, though the implementation of integrated approaches that take into consid-
eration the whole dairy production system, is at a very early stage with no readily
developed solutions.
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An Analysis of Safety and Health Issues
in Agriculture Towards Work Automation

Lefteris Benos and Dionysis D. Bochtis

1 Introduction

Agriculture is regarded as the sector which is going to shoulder the burden of some
of the most crucial challenges that the humanity ever faced with. These challenges
contain the increasing international call for food, on account of the remarkable
explosion of the global population [1], the negative consequences originated from
the climate change, including global warming [2, 3], loss of biodiversity [4],
agricultural production stability [5, 6], and resources depletion, such as groundwater
depletion and soil degradation [7, 8]. However, a very important factor that is usually
ignored or underestimated, especially in developing countries, is the safety and
health of the agricultural workers. With approximately one third of the labor force
around the earth being employed in agriculture, this sector is ranked as second
pertaining to occupational illnesses and injuries [9]. Epidemiological studies that
have been conducted in both developed and developing countries have recognized
several illnesses related to agricultural engagement. These illnesses extend (but not
limited) to respiratory and dermatological diseases, hearing loss, cancer cases,
circulatory, motor and sensory disorders, such as the vibration white finger syn-
drome [10–13].

Among the most common non-fatal illnesses, the musculoskeletal disorders
(MSDs) stand out, which are hard to be early identified and, definitely, undermine
the farmers’ quality of life and their ability to labor. MSDs is an umbrella term
consisting of a number of disorders taking place in the whole body, such as strains,
sprains, tears, tendinitis, hip and knee osteoarthritis, back pain, tension neck
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syndrome, hand-arm vibration syndrome, carpal tunnel syndrome [14, 15]. MSDs
are accompanying with high costs to farm owners, including lost of productivity,
absenteeism and augmented expenses concerning disability, health care and
worker’s compensation. The partial mechanization of the agricultural sector, partic-
ularly in the developed countries, has managed to increase productivity and reduce
the intensive manual agricultural labor [16, 17]. The intensive agricultural activities
include, for instance, harvesting, weeding, pruning, carrying and lifting of harvesting
lugs. Nonetheless, machinery introduction caused additional problems to the
farmers’ health coming from the whole-body vibration, engine fumes and accidents
during the operation of them, to mention but a few.

Agriculture takes place within a peculiar environment, which can be character-
ized as dynamic and complex being vulnerable to uncertainty, heterogeneity and
unpredictable situations and environmental conditions [18–20]. The wide range of
factors involved in agricultural activities, such as working both outdoor and indoor,
the different kinds of tasks, machines and crops, affect substantially the risk aware-
ness levels and attitudes for preventing diseases and accidents. However, prevention
necessitates controlling exposures. Four ways for controlling hazards during the
agricultural activities exist, according to [21], which are:

• Reengineering of the process of agricultural production: This corresponds to
rethinking the chemicals, equipment, tools and machines that are utilized in
agriculture. On the one hand, in developing countries, this can signify introducing
of machinery, for example, to lessen the labor-intensive operations that are
usually carried out manually. On the other hand, in developed countries, this
can stand for redesigning of human-machine interaction [22]. Also, reducing the
strong reliance of the agricultural production on chemicals agrochemicals, such as
pesticides and fertilizers, constitutes a comprehensive approach, provided that the
management programs are environmentally and economically sustainable [23].

• Administrative controls: These measures involve enforcement of public health
protections, ranging from controls regarding pesticide distribution to child labor
restrictions, for example.

• Working environment controls: This includes safety interventions for placing
barriers between the worker and the hazard, such as shock absorbers and multi-
axial tractor’s seat suspension systems [24].

• Worker’s behavior controls: This corresponds to giving, for instance, to the
farmer access to appropriate training and adequate information so as to reduce
the hazardous exposures.

In a nutshell, an integrated strategy has to be adopted through the development of
national programs and policies for occupational safety and health focused particu-
larly on agriculture to promote an effective management and safety culture. A safety
culture in agriculture can yield several benefits, such as preventing workers from
musculoskeletal injuries and accidents, saving money from medical allowances and
new training costs [25], while it may attract young people in agriculture [26]. As far
as young workers are concerned, a special handling is needed. In this case, both
employers and young farmers must be aware of the increased risks which are related
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to the lack of experience and physical strength of performing certain tedious manual
tasks or operating agricultural machineries. First of all, young workers should be
supervised during their agricultural activities. Moreover, their ability for performing
a task should be adequately evaluated by following the laws and regulations of the
national competent authority. Specific training and instructions must be received
giving them the competence to execute such kind of work in as safe manner. Finally,
employers must guarantee that workers below the national legal employment age are
not employed.

In this chapter, an overview of the potential sources of danger that may negatively
affect the farmers’ health is given in tandem with the main choices for controlling
hazards. Since each source of danger has unique characteristics and, reasonably,
needs different control measures, each of them is analyzed in a separate section for
the sake of clarity. Emphasis is put on human factors and ergonomics, as this
discipline can offer valuable solutions in terms of designing the working environ-
ment and protective equipment in addition to developing effective management
policies.

2 Identification of Potential Hazards and Risk Assessment

One key element of occupational safety and health management policies is the
hazard identification and risk assessment. The term “hazard” refers to the potential
source of causing harmful consequences, whereas “risk” is the possibility of some-
one to be exposed to a hazard. For the purpose of identifying the hazards within a
working environment and practice, possible illnesses or injuries with respect to the
activity, crop or chemical substances should be identified and evaluated. Individual
characteristics like age, experience and past injuries should also be taken into
consideration. Particular emphasis should be put on hazards coming from rarely
maintained tools and equipment, such as rare pruner maintenance [27, 28]. Also, the
identification procedure should carefully consider the design of the working sites,
equipment, plant, processes and any alterations that may occur as well as the
management regarding the disposal of dangerous materials for workers’ health in
the farms.

Concerning the risk, it can be roughly seen as the product between the likelihood
(of the particular hazard to provoke harm) and the severity (of the consequences),
namely “Risk ¼ Likelihood � Severity”. By defining the level of risk, which is
related to each hazard, the areas of priority action can be recognized. In particular,
the higher the risk is, the more imperative are the actions to minimize the worker’s
exposure to that hazard. For instance, a frequently occurred practice having hazard-
ous consequences is going to determine the highest level of priority action. In
contrast, a rarely occurred practice having inconsiderable consequences will corre-
spond to the lowest priority. A simplified table for determining the risk and,
subsequently, determining the areas of intervention is that of the International
Labour Organisation (ILO), which is depicted in Fig. 1. ILO tries to bring together
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governments, workers and employers with the intention of developing policies,
setting labor standards and programs establishing decent labor for all people around
the world [29].

A risk assessment analysis includes a thorough investigation in an attempt to
detect potential hazards, in terms of organizational, ergonomic, physical, biological
and chemical aspects, and assess the harm that they can cause to the worker. In short,
a risk assessment analysis can be executed in five steps, as can be seen in Fig. 2.

Relying on the outcomes of the risk assessment analysis, the employer should
then determine the objectives regarding the lessening of the identified risks (so far as
are reasonably practicable), apply the appropriate control interventions and approve
a safe workplan before any operation at the farm starts. The implemented measures
should be reviewed at a regular base and revised if required. Revision is essential,
especially after an accident or when new evidence exists in relation to the risks or the
implemented control measures.

Fig. 1 A simplified table for determining the degree of risk according to ILO [21]. The red areas
correspond to high risk and, consequently, high level of priority action, whereas the orange and
green areas correspond to moderate and small risk, requiring moderate and low level of priority
action, respectively

Fig. 2 The five steps needed for carrying out a risk assessment analysis
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3 Main Sources of Danger

As said above, one of the most key steps during a risk assessment analysis is,
definitely, the identification of the hazards. Overall, this phase addresses two main
questions:

• Have the agricultural activity, working environment and equipment the potential
to provoke a hazard?

• If so, what kind of adverse health problems can be caused?

In this section, the main sources of danger in agricultural sector are described
along with the possible health problems that can provoke and the control strategies to
attenuate them.

3.1 Agrochemicals

Agrochemicals, namely the chemical products which are utilized in the agricultural
sector for several management practices, comprise a wide range of substances, such
as pesticides, commodity chemicals, growth regulators, soil conditioners, fertilizers,
on-farm veterinary products and feed additives for the animal husbandry. Policy
makers have recognized that the excessive usage of some agrichemicals constitutes a
considerable barrier towards establishing a sustainable agriculture, while it can threat
the environment and human health [11, 30]. Therefore, their use is appraised on the
basis of both increasing production yield and production costs reduction as well as
their possible environmental and health side effects [31].

Extensive research has been conducted on the health effects originated from
pesticides. Pesticides, which are widely used agrochemicals, are utilized to decrease
or prevent losses coming from pests and can contribute to the quality and nutritional
value of the products. They are usually classified in relation to the target pest. Target
pests can refer, for example, to weeds (herbicides), insects (insecticides), fungi
(fungicides), bacteria (bactericides), algae (algicides), mites (miticides), nematodes
(nematicides), rodents (rodenticides), snails (molluscicides) and birds (avicides)
[32, 33]. In spite of their benefits, serious concerns have been reported regarding
the possible health risks resulted from the extensive farmers’ pesticide exposure. By
their nature, the majority of pesticides are related to toxicity, as they have been
fabricated for the purpose of eliminating organisms. In addition, some pesticides
have proven to be counterproductive, since they may eradicate species that are
natural opponents of pests, while they can lead to pest resistance to the applying
pesticides. Moreover, despite the benefits of using fertilizers (natural or chemical
materials for increasing the fertility of soils and, thus, improving the growing of
plants), the overuse of chemical fertilizers may decrease the content of soil organic
matter. This can result in reducing of agricultural soil quality and also in soil
acidification, air and water pollution [34], and so on.
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Focusing on human health side effects, there are three possible ways that expo-
sure of a farmer to agrochemicals can take place, namely via direct contact with the
skin, inhalation and ingestion. Exposure to the farmer’s hands can occur, while also
facial exposure is very common during spraying and mixing [33]. Moreover, expo-
sure to the torso can take place when farmers carry agrochemicals on their backs, or
to the legs with recently sprayed foliage, a fact that is quite usual in fields having
very little space between crop rows, like greenhouses. In particular, working in
greenhouses can be very harmful due to possible inhalation of volatile compounds of
chemicals. Ingestion can also be an important contributor if food is eaten, for
instance, after contact with agrochemicals and prior to hands’ washing. Certain
groups, such as young farmers, pregnant women and overweight persons, are mostly
vulnerable to agrochemicals [35]. Within the human body, pesticides, for example,
can be metabolized or accumulated within the body fat [36]. The individual health
status, the kind of the pesticide and also the route and duration of the exposure are
additional determining factors for possible health problems.

A plethora of negative health issues have been linked with pesticides, such as
respiratory, dermatological, neurological, reproductive, endocrine and gastrointesti-
nal diseases [37]. Organophosphorus and carbamate insecticides, as indicative
examples, seem to be responsible for several acute pesticide poisonings. The
reported effects range from symptoms like headaches and nausea to respiratory
distress. Epidemiological studies have also revealed an alarming positive relation-
ship between the exposure of farmers to pesticides and some cancers. Notably,
prostate, brain and kidney cancers have been reported by Bassil et al. [38] as well
as non-Hodgkin lymphoma and leukemia. Other forms of cancers have also been
connected with pesticide exposure, like multiple myeloma, cancer of breast and
ovary, although the epidemiologic evidence is not conclusive. Insecticides
containing arsenic, for example, have been recognized as carcinogens, while many
other pesticides have been under suspicion [21].

Other chronic effects on human health are related to neurotoxicity, thyroid and
liver disease as well as allergic dermatitis [35]. Such kind of side effects are usually
linked with specific pesticides. As a consequence, information must be provided in
special labels for each chemical. Nevertheless, additional effort should be put on the
detailed assessment of farmers’ exposure to individual pesticides, considering also
factors like the working practices and protective equipment usage (e.g., gloves and
safety masks). Chemical fertilizers constitute also a toxic hazard for farmers and can
cause irritation of the skin and possibly severe respiratory effects through inhalation.
Some veterinary products, such as veterinary medicines, are also toxic and, similarly
to fertilizers, special attention should be taken when handling them for the sake of
minimizing skin exposures. Moreover, agrochemicals have the potential to be
hazardous not only to farmers that are in close proximity with them, but to people
being near the farms as well. Finally, many farmers have insufficient awareness of
the associated risks regarding the proper application and the essential precautions
[39, 40].

In order to address the above issues, legislation should be enforced according to
international standards to ensure safety during the handling of hazardous
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agrochemicals. To this end, chemical safety data sheets must be provided by health
services on agrochemicals, which should be written in simple and understandable
language so that even non-experts are able to recognize all the risks coming from the
usage of the chemical substances. In addition, the labels have to be easily readable
and contain pictograms to help farmers that cannot read the labels. The labels must
also be durable so that they remain available to everyone throughout the supply
chain and practice. According to the ILO code of practice [35], these data sheets
must provide information under the headings illustrated in Fig. 3.

For agricultural activities involving the usage of agrochemicals, the hazards
identification along with the risk assessment has to be done at the earliest phase.
In particular, the risks should be assessed regarding the full agrochemicals’ life-
cycle, ranging from their transport, storing, mixing and using them to the cleaning of
tools and the disposal of empty containers. Finally, engineering control measures to
protect the workers include completely enclosed systems or partial enclosure
allowing for locally available exhaust ventilation and isolation of operator from
the hazardous practices. As far as the administrative control measures are concerned,
they include decreasing of the exposure period and number of the exposed workers
as long as possible, proper maintenance of the equipment and cleaning, especially in
case of an accidental contamination, and efficient management throughout the entire
agrochemicals’ life-cycle [35, 41].

3.2 Adverse Weather Conditions

Studies concerning the effect of weather and climate conditions commonly focus on
how crop yield production is affected, thus, overlooking the potential negative
consequences on health of agricultural workers. Actually, agriculture may expose

Fig. 3 Required information that should be provided on agrochemical safety data sheets
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workers to high levels of humidity, temperature, wind and solar radiation. The
increase in global temperatures, due to climate change, is anticipated to contribute
to the “heat stress” phenomenon. In particular, heat stress refers to the excessively
received heat as compared with normal values that human can tolerate without
impairment. In short, ambient air temperature beyond 24–26 �C is related to
decreased labor productivity. At 33–34 �C, the workers working with modest
intensity lose 50% of their work capacity [42]. Excessive heat can provoke health
risks resulting in headaches, heatstroke and even to death. Additionally, farmers over
50 years old are more likely to suffer from cardiovascular diseases [42, 43]. Extended
exposure to sun may be responsible for skin malignancies. It should be mentioned
that combination of high ambient temperatures and humidity with intensive physical
labor can result in life-threatening conditions. Hence, farmers should use specially
designed body and head coverings. Also, keeping agricultural workers hydrated
(with proper electrolytes addition) and guaranteeing a minimum of 10 min rest break
per hour have been reported to decrease the risk, preferably in a cool and shade area
[21]. Besides, alcohol consumption should be prohibited, as it dehydrates the body
rendering it more vulnerable to the heat stress. Finally, as the majority of agricultural
activities routinely take place under full sunlight, farmers are exposed to ultraviolet
radiation, which can provoke damage to eyes and the skin. Both intense and
cumulative exposures have been linked with skin wrinkling and lesions and skin
cancer. Control measures include similar actions as mentioned above in conjunction
with sunglasses and sunscreen lotions that screen out ultraviolet radiation.

On the other hand, also exposure to a cold environment, especially when it is
combined with moisture, cold winds and rain, may lead to hypothermia [44]. In mild
hypothermia, there exists some form of shivering. In moderate hypothermia, confu-
sion increases, while in severe hypothermia even heart stopping may occur [45]. As
in hot environment exposure, employers must ensure proper protecting clothing,
gloves and boots as well as rest periods in specially designed heated areas.

3.3 Noise

In general farmlands are conjectured to be quiet places. However, if someone works
in farms, they would assert that this is not always the case. Surveys, such as [46, 47],
have investigated farm’s noise levels during ordinary agricultural operations. They
have demonstrated that noise originated from tractors without cabs, old cabbed
tractors, shearing sheds, silage blowers, small motors (e.g., pumps, chainsaws and
augers), cotton module presses, grain dryers, skid-steer loaders, forage harvesters
and other heavy machineries constitute sources of harmful noise for farmers.
Remarkably, also the pigs’ squeal is considered to be one of the typical sources, as
this sound can become loud enough for farmers making them wear earmuffs or
remove themselves from pigs when they are feeding. Prolonged and everyday
exposure to high levels of noise can induce temporary or permanent hearing
loss [48].
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In general, sound has two important properties, namely intensity and frequency
which are measured in decibels (dB) and Hertz (Hz), respectively. Intensity corre-
sponds to the loudness of the sound, while frequency stands for the number of waves
passing a fixed point per second. The perceived noise that a farmer experiences relies
on both magnitudes in tandem with how close the farmer is to the source as well as
the individual’s ear health. Hearing loss can be stemmed from either cumulative
experience of harmful noise or single intense exposure. Standards regarding health
and safety have established the safe noise levels within working sites, although some
farmers may be vulnerable to noise causing hearing loss at values below the
standards. High levels of noise may also interfere with communication and prevent
farmers from listening to the instructions and warnings. Moreover, they can also
cause irritability and fatigue to farmers, leading to reduced performance.

As in any risk assessment, employers should be able to identify the operations,
equipment and agricultural machinery that produce considerable levels of noise,
evaluate the risk of hearing impairment and that of mental workload. Towards that
direction, measurements should be conducted to detect the sources of noise, the
intensity and duration of the exposure and compare the values with the established
exposure limits. Based on the above measurements, a noise map has to be created for
rendering the employers and workers aware of the risky areas and agricultural
activities. Finally, assessment of the necessity of controls measures should be
made along with evaluation of their effective implementation.

The main strategies include the reduction or the isolation of the noise, personal
protective equipment and administrative controls [49]. Noise reduction can also be
succeeded by properly maintaining the agricultural equipment, as worn machinery
parts have the potential to increase the levels of decibels throughout operation.
Towards reducing the noise, regular lubrication of the identified parts can diminish
friction and, consequently, reduce the noise levels. Also, since larger machineries
tend to produce more noise, operation of them under lower speeds is indicated. As
regards noise isolation, it may be accomplished by using sound reducing cabs at
skid-steers and tractors, while acoustical materials can be utilised on walls to enclose
sound. As far as personal protective equipment is concerned, it can be in the form of
ear plugs or muffs and result in effective noise reduction. It should be ensured by
employers that the personal protective equipment is properly maintained and
replaced if necessary. In addition, in working sites that have been recognised to be
dangerous in terms of noise exposure, zones of hearing protection should be
combined with appropriate signs. Finally, other administrative controls include
monitoring the exposure of individuals to noise sources, by also adopting practices
like job rotation. For instance, one worker can operate a noisy machinery for a
specific time interval and afterwards work in a quieter working site, while another
worker can, in turn, operate that machinery [49].
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3.4 Vibration

According to the recent review study of Benos et al. [15] on disorders originated
from agricultural mechanized operations, the machineries with driving seats (e.g.,
tractor, all-terrain vehicles) are mainly related to low-back pain, whereas handheld
machines (e.g., grass trimmer, handheld olive beater, power tiller), to upper extrem-
ities disorders. The main origins of the above disorders are the whole-body vibration
(WBV) and the hand-arm transmitted vibration (HATV). The former is transmitted
by standing or sitting on vibrating parts of the machine, such as the seat of the tractor,
whereas the latter is transmitted when using hand-held vibrating equipment, like
hedge trimmers, handles of power tillers and chainsaws. Similar to all objects in
nature, the parts of the body have a specific resonant frequency. Once this charac-
teristic vibration frequency is reached, the body part oscillates with a considerable
large amplitude owing to the phenomenon of resonance. Considering that several
body parts exist, each of them is stimulated at different resonant frequency [50]. Fur-
thermore, the values of the resonant frequencies differentiate among individuals. As
the magnitude of vibrations increases, the muscles have a tendency to extraordinarily
be tensed in order to dampen the vibration. Overall, the effects of vibration exposure
are based on several factors including its direction, its magnitude, its duration and the
body posture.

The vibrations can be produced as a result of the ground roughness and engine
operation. Then, they can be transferred towards the operator through the contact
between the body with the seat or the cabin floor, for instance [51]. The effects of
WBV tend to be worse when driving on rough ground [52]. Moreover, WBV related
to on-road vehicles is mostly along the vertical axis. In contrast, for off-road vehicles
WBV is generated and transmitted along all axes [24]. Short-term vibration exposure
in not considered to be very detrimental and can lead to headaches, loss of balance
and heart rate increase. On the contrary, long-term exposure to WBV may give rise
to degenerative joints’ changes, particularly of lumbar spine [53]. Given that the
intervertebral disks serve as dampers for energy dissipation from WBV, the spine
(especially the region of low back) seems to be affected mostly. The two reported
mechanisms for energy dissipation are stiffening (following shocks) and softening
(following the further increase of the magnitude of vibration) [15]. Surveys have
indicated that the low-back’s resonant frequency is at about 4.5 Hz. Around this
value, the fatigue of the muscles at low back occurs. This fatigue changes the
muscles’ response to sudden loads, rendering them more susceptible to injury
[54]. In terms of microstructure of spine, extended movement of the intervertebral
discs, as a result of vibration exposure, may stress the annular fibers. Afterwards,
pressure increases within the disks that may lead the material to fail. This fail of the
disk’s material can result in protruding of the disk from the vertebral system.
Low-back discomfort can be developed because of this movement, as it can press
the spinal nerves [55]. The vibration exposure for a long period of time has the
potential to result in the damage of the soft tissues at the low back, as mentioned
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above, and neck. These impairments of the soft tissues can constitute a “precursor of
musculoskeletal injuries” [56].

Another usually observed evidence in agriculture is the HATV due to working
with vibrating tools, which is responsible for the well-known HAVS. Initially, this
syndrome was called “vibration white finger”, but the name was altered to HAVS,
since also other symptoms were recognised as a consequence of HATV. These
symptoms refer to neurological, vascular and other disorders. The diagnosis of
vibration-induced white finger currently relies mainly on the identifying of symp-
toms, like finger blanching due to cold [57]. Characteristic symptoms of HAVS are
the vasospasm of the fingers, tingling and paresthesia, loss of sensitivity, reduced
hand function as well as inability to carry out complex everyday activities. Further-
more, diseases, including hand and elbows cysts, wrist osteoarthritis and carpal
tunnel syndrome, have been connected with HATV [58]. As reported also in the
case of WBV, duration and magnitude of vibration exposure are the main risk
factors. Provided that the vibration exposure is not continuous, a partial recovery
may take place [58].

For the purpose of identifying the sources of vibration along with adequately
quantifying the levels of vibration and its duration, direct measurement methods are
needed. To this end, tri-axial accelerometers are used which are small-sized portable
measurement instruments that can measure simultaneously the acceleration in all
directions so as to quantify the levels of vibration experienced by the operator.
Inertial Measurements Units (IMUs) are also applied, which are also small-sized
devices and can integrate data measured through accelerometers, magnetometers and
gyroscopes. Therefore, IMUs take precedence over individual sensors, as they can
exploit the advantages of one device to compensate the limitations of the others
[59]. Accelerometers and IMUs have been implemented by several researchers for
quantifying the levels of vibration is recent studies such as those concerning tractors
[60–63], quad bikes [64–67], grass trimers [68] and handheld olive beaters [10, 69].

Subsequently, the values of vibrations that are measured are compared with
nationally or internationally established exposure limits. If the measured values
exceed the limits, appropriate interventions should be implemented so as to decrease
the exposure to the minimum standards. However, if the levels of exposure remain
still high enough, employers should be informed about how to reduce such expo-
sures. A first approach is to minimize the time of operating the harmful equipment.
Also, personal protective equipment like anti-vibration gloves is proposed, which, in
turn, should be checked for their suitability on a regular basis. As regards engineer-
ing controls, they involve vibration damping as far as it is practicable, for example
by using suspended tractor cabs instead of unsuspended ones, anti-vibration mounts,
shock absorbers and multi-axial suspension systems for the seats of agricultural
vehicles [24, 66, 70, 71]. Overall, by reducing the levels of vibration on the seat is of
central importance. The design of the seats should assure the lowermost vibration
transmission. Concerning the HATV originated from vibrating handles, rubber
handles have been proposed for the vibration reduction [72]. Overall, when it
comes to buying new agricultural equipment or machinery, employers should have
in mind as a key criterion the low vibration emission, so that they conform to the
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relevant standards. As in the case of noise protection, employers should assure the
regular maintenance of the tools and machines, as worn parts can intensify the levels
of vibration. Consequently, particularly worn components must be replaced with
new ones. Finally, as described in the section referring to risk assessment, evaluation
of the effectiveness of the applied prevention measures is required.

3.5 Physically Demanding Agricultural Activities Carried Out
Incorrectly

Agricultural tasks include a plethora of activities that sometimes are performed
manually, because of either the inability of the farmer to purchase the corresponding
machinery that performs this work or the specificity of the crop and the process that
require gentle handling. In fact, manual operations, such as pruning, digging,
sorting, harvesting, weeding, lifting and carrying, include a number of risk factors
which can provoke MSDs. For instance, during pruning, the non-dominant hand
commonly holds the branches with awkward wrist flexion, while the dominant hand
makes repetitive gripping and experiences large stresses from the shears, especially
the non-ergonomically ones. Pruning has been associated with pains and injuries at
the regions of wrists, elbow and shoulder [73]. Additionally, weeding is an ordinary
hazardous agricultural activity, as it involves prolonged or repetitive trunk bending
(usually called stooping), which has been linked with discomfort at the back,
particularly at the low-back region. As a matter of fact, low-back pain have reached
alarming epidemic proportions among agricultural workers [74–76], as there is a
strong evidence for low-back pain originated also from prolonged WBV exposures,
as analyzed above. Also, lifting and carrying of heavy loads, which are common
tasks in agriculture, are responsible for complaints with reference to pains of
low-back, shoulder and wrist by farmers. During lifting, the weight and shape of
the object, the distance, the way of lifting (e.g., stooping, squat, semi-squat) and the
potential trunk twisting are predisposing factors for causing MSDs. Moreover,
carrying baskets on uneven farms appears to accelerate the onset of MSDs
[77]. Another prevalent MSD among farmers is osteoarthritis of hip and knee
[78]. Osteoarthritis is the most ordinary kind of arthritis and its painful consequences
increase with age. Repetitive kneeling and stooping, which are very usual during
manual agricultural operations, accelerate osteoarthritis [79]. As an indicative exam-
ple, the harvesting of low-growing crops, like vegetables, force farmers to kneel and
bend in a repetitive manner, hence, contributing to the aggravation of osteoarthritis
and low-back pain. The above tasks can be hazardous even when they are not
combined with heavy loads, since sustained awkward postures or activities executed
in an iterative manner can increase the risk of injury.

In conclusion, heavy carrying and lifting, awkward body postures of the trunk,
wrists, shoulders and neck and repetitive actions have been identified in the relative
literature such as [14, 80]. Concerning the awkward body postures, farmers use them
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because either they have not been learned how to correctly carry out the task or they
are forced to use the wrong posture as a result of the improper design of the working
environment [26]. In fact, fatigue, namely the way the part of the body indicates that
the posture should be changed, can be caused both by static postures and repetitive
postures. Also, other risk factors have been associated with MSDs including age,
gender, anthropometric characteristics, obesity, working hours and rarely maintained
tools [14]. In general, older farmers are more vulnerable to musculoskeletal injuries,
because of some degenerative changes of the soft tissues or due to the decline of
some physical and cognitive skills with aging. In contrast, the experience gained
over years can contribute to handle a manual operation by using a more ergonomic
body posture, as for example kneeling during lifting an object instead of purely
stooping. Another remarkable fact in agricultural sector is the engagement of young
workers with labor-intensive manual operations, as they seem to be prone to MSDs
on account of the developing musculature. Also, the gender factor appears in several
epidemiological studies [81]. In effect, women have a tendency to osteoarthritis,
while they usually tend to excessively activate their muscles in order to compensate
their smaller strength or performing tasks using equipment that has been designed
mainly for men anthropometric characteristics [82]. Anthropometric characteristics
constitutes a usually reported risk factor, as according to many studies, such as
[83, 84], there is an inconsistency among different countries, which can result in
risky over-extension.

As a means to cope with the above issues, guidelines have been developed by the
competent authorities for assuring the safety standards implementation pertaining to
the design and manual handling of the agricultural equipment and machines and the
transport of the products. Such safety standards are based on recognized interna-
tional practices and scientific criteria. As it has been stressed by investigations, such
as [85], even “small changes make big differences”. For example, by implementing
simple interventions, such as using ladders with smaller space between the rungs,
smaller harvest tubs and frequent rest breaks, the reported fatigue of the farmers was
observed to be reduced, without affecting the agricultural productivity. Ergonomic
interventions are also extended to the use of ergonomically designed bucket carriers,
grip handles [86] and bags worn around the waist for coffee harvesting [87] as well
as load transfer devices [88], which are personal devices aiming at reducing the load
at the lumbar spine.

Interestingly, recent advances in collaborative robots have allowed to overcome
some issues appearing when implementing purely human or mechanized work
[22, 89]. In effect, the cognitive characteristics of human associated with perception,
reasoning and decision making can be integrated with the repeatable accuracy and
strength of robots with the aim of coping with the unpredictable and dynamic
agricultural working environments. As in any working ecosystem, we need to be
conscious of the safety issues that human-robot interaction might cause both in terms
of preventing accidents originated from mechanical risks (e.g., undesired contact
with the robot’s mechanical parts and obstacles existing in the working site as well as
mistakes due to wrong operation) and minimizing musculoskeletal injuries
occurrence [26].
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4 Human Factors and Ergonomics

Throughout the chapter, phrases, such as “ergonomics”, “ergonomic principles”,
“ergonomic risks”, “ergonomic body postures” and “ergonomic interventions”, were
mentioned without paying attention on what the word “ergonomics” really involves.
Ergonomics is a scientific discipline that draws on many research fields to improve
the interaction between the worker and the work environment. Another commonly
used phrase for describing this scientific field is “human factors”. In fact, human
factors and ergonomics are synonymous with the former being adopted in order to
highlight, apart from biomechanics and physiology, also the cognitive attribute or
social behavior of a person that can influence their work. According to the Health
and Safety Executive (HSE), “Human factors refer to environmental, organizational
and job factors, and human and individual characteristics, which influence behavior
at work in a way which can affect health and safety” [90]. The definition given by
HSE consists of three interconnected parts that should be taken into account, namely:
(a) the job, (b) the individual and (c) the organization, which are graphically
illustrated in Fig. 4. The first aspect considers the working ecosystem, the required
workload, the nature of the agricultural task and processes and the design engineer-
ing controls. The design of the tasks that are going to be executed should rely on
ergonomic principles for the purpose of considering the human strengths and
limitations; both the physical and mental ones. In particular, mental features contain
decision making, attentional and perceptual skills of each individual worker. Also,
other individual skills should be taken into account including attitude, personality,

Fig. 4 The three key
elements of human factors
and ergonomics
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reasoning and risk perception, since these characteristics can affect the working
procedure. Finally, some significant factors that are frequently ignored throughout
the design of the tasks are those related to the organization and may involve
leadership, resources, etc.

The above aspects are closely correlated with the physical, cognitive and organi-
zational ergonomics. More specifically, physical ergonomics pays attention on
biomechanics along with human physiology, kinesiology and anthropometry. It
identifies wrong postures and movements that can cause MSDs and focuses on
providing effective solutions. Physical ergonomics usually utilizes self-reports,
such as personal interviews and specific questionnaires like the Nordic one
[91]. Moreover, observation-based methods are implemented with the use of cam-
eras with the intention of recording farmers’ activities and, afterwards, analyzing
them. Finally, direct measurement methods are applied. To this end, experimental
measurements can exploit various kinds of sensors and equipment such as acceler-
ometers, gyroscopes, inertial measurement units, electromyography, handgrip dyna-
mometers and optical markers [27, 64, 92]. Cognitive ergonomics should also be
carefully taken into account. It considers the mental interaction among workers and
also between workers and any element of the working system. This system may
include agricultural robots and, thus, cognitive ergonomics is of major importance
for the realization of a safe human-robot interaction [26, 93]. Finally, organizational
ergonomics focuses on optimizing the socio-technical systems through
implementing proper risk management and policies. It can include telework,
resource management, cooperative work, participatory design, virtual organizations
and design of working hours and communication [94].

The competent authorities should provide useful technical information and ergo-
nomic reference manuals in simple language. Regarding employers, they should
organize the agricultural operations on the basis of the available risk assessments and
national guidelines and implement control measures, accordingly, so as to lessen the
potential ergonomic risks for farmers. Based on the evidence presented in the above
section, engineered processes should be implemented that minimize, wherever
possible, non-neutral working body postures, lifting and carrying of heavy loads
(at least larger than 23 kg), highly repetitive work usually accompanied by concur-
rent wrong posture of the back, knees or wrist. Furthermore, ergonomically designed
tools have to be selected like pneumatically-powered shears and tools with shorter or
longer shafts in order to be optimally adapted to the worker’s anthropometric data.
Also, regular maintenance of the agricultural tools and equipment should be assured
as well as documentation of all tasks and processes that should be performed.
Towards controlling the ergonomic hazards, employers should implement regular
rest breaks for workers (to lessen the negative results of the viscoelastic creep) [95],
while also a precursor activity, such as walking (to prepare the muscles for the
imminent task), can prevent the onset of musculoskeletal injuries [96]. Additionally,
routine task rotation among farmers should take place along with specific training to
provide information on how to prevent themselves from MSDs.

In turn, agricultural workers, should be informed about the safe working tech-
niques linked with each task, the standard limits, such as the maximum load that

An Analysis of Safety and Health Issues in Agriculture Towards Work Automation 109



should be lifted, the right use of hand tools and machinery, as well as be aware of the
risks related to awkward postures and repetitive actions. In addition, they should
know how to properly use the personal protective equipment (e.g., load transfer
devices, gloves, waist belts, wrist wraps) and identify when it needs to be replaced,
having in mind that this measure is only a supplementary choice, as it is going to be
elaborated next. Finally, they must be encouraged to report any pain, numbness,
discomfort or injury to their employer without fearing for potential discrimination.

5 Discussion and Conclusions

In summary, as can be seen in Fig. 5, the most reported health hazards are originated
from the use of agrochemicals, adverse weather conditions, occupational noise,
vibrations and physically demanding repetitive agricultural tasks which are com-
monly performed improperly by using awkward postures. In addition, the potential
health effects for each hazard are summarized. As can be gleaned from Fig. 5,
considering that an agricultural worker usually takes part in several tasks, it turns
out that they can be exposed to multiple hazards that cumulatively can cause a host
of health disorders. For example, low-back pain can come from both the repetitive
trunk bending, which is required during the execution of a lot of agricultural
activities, and WBV, mainly owing to the use of machinery with driving seats.
Furthermore, when the arduous tasks are carried out under adverse weather condi-
tions and noisy environments, the possible health effects are intensified.

To make matters worse, agriculture is responsible for accidents originated from
several sources. The number of severe accidents is still alarming in spite of the
improvement on prevention measures and training programs. These accidents per-
tain to collision with parts of the machines or caught by rotating parts, falls form
agricultural machineries, like quad bikes [67], and rollover of the machines. These

Fig. 5 Main sources of danger during agricultural activities along with the major health problems
that may cause
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accidents are mainly associated with human factors (e.g., improper equipment
handling and misjudgment that can result in falling, slipping and tripping), machin-
ery factors (e.g., incorrectly designed parts and possible technical defects) and
environmental factors (e.g., steep and slippery ground conditions) [97]. Finally,
agriculture is regarded to be among the most stressful areas [15]. Both farmers and
also their families experience economic pressures regarding their livelihood, due the
precarious agricultural market and weather conditions. Psychological distress has
also a great potential to lead to misjudgement of the severity of the situation at hand
and, consequently, to accidents occurrence during the operation of machineries. Also
non-compliance with control measures can be observed concerning all the hazards
mentioned in Fig. 5.

In this chapter, also multiple control measures were analyzing for the purpose of
mitigating the negative consequences from the chemicals (e.g., chemical safety data
sheets, ventilation, separation of the worker from the hazardous environment),
adverse weather conditions (e.g., specially designed coverings, ultraviolet radiation
filters), noise (e.g., regular lubrication of machinery parts, ear plugs, muffs), vibra-
tion (multi-axial suspension systems, anti-vibration gloves) and tiring agricultural
activities (e.g., informing and training farmers about the wrong and right postures,
the practical limits for each task, the risk factors associated with the commonly
reported MSDs).

In this fashion, it should be stressed that control measures should follow a
hierarchy with the intention of being both feasible and effective. By following the
hierarchy, which is depicted in Fig. 6, the establishment of safe ecosystems can be
assured, under normal circumstances, where the risk of getting ill or injured has been
substantially reduced. This hierarchical structure can be considered as a step-by-step
method to reduce risks, while it ranks the control measures from the highest
protection and reliable level (elimination) to the lowest level (personal protective
equipment). According to the National Institute for Occupational Safety and Health
(NIOSH) [98], this hierarchy, in order of implementation, consists of measures with
reference to:

1. Elimination
2. Substitution
3. Engineering controls
4. Administrative controls
5. Personal protective equipment

By far, the most effective control approach is to eliminate the hazard and the
causing risk or, secondarily, substitute it with a less hazardous risk. Although these
approaches are effective enough, their implementation is too challenging when it
comes to an existing process, since major changes in both procedures and equipment
are usually essential. In contrast, when a process is at the design phase, the above two
control measures might be relatively inexpensive and simpler to be applied. Engi-
neering controls, despite the fact that they are less effective than elimination and
substitution, they are, in turn, superior to administrative controls and personal
protective equipment as they are intended to eliminate the identified hazard at the
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source of origin before contacting the agricultural worker. Furthermore, although
engineering controls are more expensive at the initial stage than them, over a longer
perspective, operating costs can be lower, while cost savings can be provided also in
other stages of the procedure. Finally, administrative controls and personal protec-
tive equipment are often implemented in existing processes, when the hazards
cannot be well-controlled. These approaches might not be expensive at a first
stage, but they can be costly enough to be sustained over the longer term. These
control measures have proven to be the least effective [98]. In particular, personal
protective equipment can only be seen as a last resort as soon as no other control
measures are available.

To conclude, managing risks in a sustainable way has plenty of benefits
including:

1. A reduction of injuries and illnesses resulting in lower sickness payments as well
as training costs for the new workers who come to replace the non-healthy
workers

2. Less output loss because of the experienced workers being off work
3. The ability to perform weather-critical tasks at the right time
4. Reduced legal costs and insurance premiums

Fig. 6 The hierarchy of control measures along with their effectiveness for reducing the risk of
injury
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5. Healthier and, thus, happier workforce with job satisfaction leading to improved
productivity and attraction of young workers in agricultural sector

6. Reduced risk of damaging the business reputation

A preventive occupational safe and health culture should be promoted in agri-
culture, a sector that has been long recognized as one of the most hazardous ones. To
this end, outreach on occupational safety and health is a key element of any national
or international effort. Outreach concerns a large variety of stakeholders ranging
from inspectors, employers, workers, manufacturers, trade associations, community
and training organizations to advice and information organizations (such as FAO
and WHO). The competent authorities should cooperate with the organizations of
employers and workers in order to raise awareness of safety and health risks in
agricultural enterprises and promote a safety culture at local and national levels,
especially in small and medium-sized enterprises. This can be accomplished through
a variety of activities, such as promotional and training activities, seminars, confer-
ences, meetings, media coverage and sharing information via websites and social
media. Besides, the advent of safety and health to the agricultural population needs
to be incorporated into the primary health care structure. In a nutshell, for the
purpose of accomplishing a sustainable agricultural development, a balance should
be guaranteed between not only the agricultural growth with the protection of
environment, but also with the protection of safety and health of workers through
integrated it into well-defined rural development policies.
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Smart Farming as a Game-Changer
for Regional-Spatial Planning

Stella Agostini

1 Introduction

Rapid population growth, as reported at NASA Socioeconomic Data and Applica-
tions Center—SEDAC—on 2018, addressed new challenges for sustainable devel-
opment, referring to the emerging food policy agenda. In 2019, the world’s
population was projected to grow from 7.7 billion to 8.5 billion in 2030 (10%
increase), and to increase further to 9.7 billion in 2050 (by 26%) and to 10.9 billion
in 2100 (by 42%) [1].

The Food and Agriculture Organization (FAO) indicated that 821 million people
were undernourished in 2017, involving approximately one out of every nine people
in the world. The Global Report on Food Crises 2020 [2], analysing 55 countries and
territories, epitomised the increasing number of people facing crisis-level food
insecurity, up from almost 80 million in 2015 to 135 million in 2019. Around
183 million people in 47 countries were classified in stressed conditions, at risk of
slipping into crisis.

Due to the devastating socio-economic impacts of COVID-19 pandemic, more
than 71 million people have been pushed into extreme poverty in 2020 [3, 4]. A
condition primarily concerning fragile contexts which include the particularly vul-
nerable workers involved in the informal agriculture as well one-third of the eco-
nomically active population depending on agriculture for survival. Given these data,
increasing total food availability as well as providing higher quality standards in
particular for food safety and for a healthier environment are the major challenges in
front of the agri-food sector.
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Considering that agriculture provides the principal basis for livelihood of
one-third of the world’s population, the International Assessment of Agricultural
Knowledge, Science and Technology for Development [5] highlighted that agricul-
ture and food is by far the world’s largest business. Globally, agricultural expansion
has been stabilized over the past 20 years at around 4.9 billion hectares (ha) [6, 7].

Intensive agriculture processes have led to the degradation of natural resources
and contributed to climate change causing loss of forests, depletion of groundwater
and sources, and erosion of biodiversity [8]. To address the problem, Agenda 21 [9],
required that farmers made a sustainable use of land resources. These include soil,
water, animals and plants for the production of goods to meet the changing human
needs while ensuring the long-term productive potential of these resources and the
maintenance of their environmental functions.

The key challenges that sustainable agriculture should address, have been iden-
tified by FAO [10] as:

1. Sustainably improve agricultural productivity to meet increasing demand
2. Ensure a sustainable natural resource base
3. Address climate change and intensification of natural hazards
4. Prevent transboundary pests and diseases
5. Eradicate extreme poverty and reduce inequality
6. End hunger and all forms of malnutrition
7. Improve income-earning opportunities in rural areas and address the root causes

of human migration
8. Build resilience to protracted crises, disasters and conflicts
9. Make food systems more efficient, inclusive and resilient

10. Meet the need for coherent and effective national and international governance.

The Agenda 2030 for Sustainable Development stressed these needs
[11–13] directly involving agriculture in implementing actions necessary to achieve
sustainable development world-wide. Within the set of 17 Sustainable Development
Goals (SDGs) in the Post-2015 Development Agenda [14], the agri-food system can
meet the following SDGs:

– SDG 1, focuses on eradicating extreme poverty for all people everywhere.
Improving access to productive resources is a priority action.

– SDG 2, is related to ending hunger, achieving food security and promoting
sustainable agricultural practices. It requires that all food systems, including
both production and consumption, must be pursued from a holistic and integrated
perspective, while smallholder productivity and income has to be increased.

– SDG 3, targets on guaranteeing good health and well-being also through National
Sustainable Development Strategies (NSDS).

– SDG 6, is centered on ensuring availability and sustainable management of water
and sanitation for all. It is related to the UN Water Action Decade launched as a
platform for meeting water issues at all levels in 2016 [15].

– SDG 7, is addressed to deal affordable and clean energy, as to limit global
greenhouse gas emissions which are dominant contributor to climate change.
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– SDG 12, is fastened on ensuring sustainable consumption and production pat-
terns. This goal is identified by the World Summit on Sustainable Development
[16] as one of the essential requirements for sustainable development, together
with poverty eradication and the management of natural resources in order to
foster economic and social development.

– SDG13, is directed to face climate change and its impacts.
– SDG 15, is focused on protecting life on land through a sustainable forests

management, as well as stopping and reversing desertification, land degradation
and biodiversity loss.

Enhancing the efficiency of food production while reducing adverse impacts of
agriculture on the environment are also the goals for a sustainable European agri-
culture [17–19]. The EU’s agricultural industry is broadly distinguished according to
the economic size of farms. A farm structure survey within the European Union
recognised five distinct groups of farms, as set out in Regulation (EC) No 1166/2008
[20, 21] (Table 1).

In 2016, there were 10.5 million farms in the EU-28, with 175 million hectares of
utilised agricultural area (UAA)1 (some 40.0% of the total land area), giving an
average size of 16.1 hectares (ha) per agricultural holding [22]. The overwhelming
majority (96.0% in 2016) of the EU’s farms were classed as being family farms and
four million as very small. About three-quarters of such farms in the EU consumed
more than one-half of their own production. They were responsible for only 1% of
the EU’s total agricultural economic output [23]. In Italy, the persistence of many
very small-sized agricultural holdings over the last 70 years has made the productive
structure of agriculture particularly fragmented. From 2000 to 2018, the number of
agricultural holdings underwent an overall decrease of 19,685 units (1.8% per year),
particularly involving farms in the 10–20 hectare-size while the number of farms in
the over 30 hectare-size class increased.2

In addition to the possible incomplete transfer of the UAA from very small farms
to those larger than 20 ha, the decrease of farms is also linked to land consumption
due to residential, productive and infrastructural uses, emphasizing the vulnerability
of agricultural holdings towards urbanisation pressures. The COVID-19’s impacts

Table 1 The economic size
of farms farmland in the EU
farm structure survey (source:
Eurostat)

Size of farms Standard output

Very small/semi-subsistence <2,000

Small 2,000–8,000

Medium 8,000–25,000

Large agricultural enterprises 25,000–100,000

Very large agricultural enterprises >100,000

1The UAA includes arable land, permanent grassland, permanent crops and other agricultural land
such as kitchen gardens.
2Source: elaboration on ISPRA and ISTAT data—Structure and production of farms 2013, 2016
and 2020.
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on food supply and demand has highlighted the need to re-orient sustainable
development strategies to allow the agri-food system to meet the SDGs.

The aim of this work is to understand how smart farming and its future develop-
ment can be affected by strategy options of policy-makers and planners. We refer in
the text in a general manner to regional/spatial planning, as integrative and compre-
hensive planning process on making decisions relating to draw the best development
of land, as expression to the economic, social, cultural and ecological policies of a
society.

After giving an overview of the key challenges linked to the Agenda 2030 for
smart farming, the effects of spatial planning on agri-food systems are considered
together with current and future demanding tasks to support farm holdings in their
digital revolution. Eventually, the gap, between regional spatial planning and global
development strategies, that can shape the framework conditions compromising the
evolution of smart farming, is addressed. The case study is centered on approach to
strategic spatial planning to exemplify a possible approach for decision makers and
planners to meet these challenges.

2 Smart Farming and Regional/Spatial Planning

Food security will continue to be a key driver of socio-political priorities at global,
regional and national levels. Tackling strong competition with the associated coun-
tries able to produce at lower costs, as well as dealing with climate change,
environmental degradation, protecting biodiversity and an excessive volatility of
food prices that adversely affect food security, represent other challenges for
Europe-27. Special attention is required to maintain a steady capacity of the soil to
function as a vital living system, which includes the control of substance and energy
cycles within the ecosystems [24].

Given that a global sustainable development is closely dependant on the neces-
sary solutions to such deals, the European Parliament pointed out how Smart
Farming could represent an effective answer to these demanding tasks.

Aiming at improving the environmental and social sustainability of their produc-
tion, farmers have always invested on their business, from the Precision Agriculture
which allowed to target agronomic interventions, to Agriculture 4.0 of the latest
generation using interconnected technologies, which improve the yield and sustain-
ability of cultivations, production and processing quality as well as food traceability,
as focused by many authors [25–28].

Agriculture 4.0 represents the Fourth Industrial Revolution, developing the new
digital technologies in four directions. The first direction concerns the use of data,
computing power and connectivity, comprising Big Data, Open Data, Internet of
Things (IoT), Machine-to-Machine and Cloud Computing for the centralization of
information and their storage. IoT processes data from different sensors to transform
them into decisions and hence into actions based on: data collection, connection
between the various sensors, and data processing for decision making through a
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Decision Support System (DSS). By crossing environmental, climatic and cultural
factors, the quality of products is increased with savings on pesticides and nutrients
[29]. The second direction is the process of “Machine Learning”, where machines
improve their performance by learning from the data gradually collected and
analysed.

The third is the interaction between man and machine, which involves touch
interfaces. The fourth direction deals with the transition from digital to real, which
includes new technologies to rationalise costs and energy by optimising perfor-
mance, such as Robotics, Machine-to-Machine interactions etc.

As Sørensen et al. [30] focused, automation technologies for field operations
management activities can be implemented in an open environment (arable farming
and forestry domain); semi-structured environments (controlled traffic farming sys-
tems, open air horticulture, vineyards, orchards etc.); and controlled environments
(greenhouses, urban farming, animal production units, processing plants for agro-
food, wineries) that are also in need of a task and operation management.

Where the global agriculture 4.0 market is worth 7.8 billion dollars worldwide
[31], the Italian agriculture represents 5% of the world’s market. A big side of
agricultural world is made up of small scale food agri-producers, with an average
size of farms of 12 ha, and only 1% of the utilised agricultural area is managed with
ICT techniques.

According to a survey of Lombardy Region, in the provinces of Brescia, Cremona
and Mantua, out of a sample of 135 farms, 81% have invested in innovation in the
last 3 years. Fifty per cent of farms adopt precision agriculture and 4.0 technologies,
both on their own or through third parties. The technologies they adopt on their own
cover business management and activity monitoring through software, whereas the
use of variable dosage operating machines and tractors with assisted driving and/or
automatic Global Positioning System (GPS) are entrusted to contractors. Agritech
tools include: monitoring systems (39%), management software (20%), natively
connected machinery (14%), remote sensing for crop monitoring (10%), land map-
ping systems (9%) and decision support tools (8%).

Moving from input-intensive models of ever-increasing agricultural production to
a more sustainable pathway that protects natural resources, Smart Farming based on
Information and Communication Technology (ICT) represents a paradigmatic shift
in agriculture [32–34]. In order to support innovation in agriculture, the Italian
Government [35, 36] focused rural sustainable development on four strategic areas:

1. Economic efficiency, profitability, sustainability and stability of agricultural
systems, with reference to crops, livestock and forestry activities in the various
contexts;

2. Conservation and reproduction of natural resources and biodiversity and provi-
sion of environmental services, including the mitigation of climate change;

3. Production (controlled and constant) of safe and high-quality foods;
4. Relationship between agriculture and local communities able to ensure the quality

of life in rural areas.
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The national strategies for Industry 4.0, launched within a shared Action Plan in
cooperation with France and Germany (Platform Industrie 4.0, 2016), offered to
farmers an opportunity to invest in high quality machinery, providing a tax discount,
in the form of a tax credit.

Beyond incentives, the production structure and size of the business of agricul-
tural holdings are the key factors for investing in new technologies which are strictly
linked to the availability of land, healthy soils, water and plant genetic resources.
Smaller dimensions of agricultural holdings determine a lower economic availability
of farmers and when soil and water are lost for urbanisation, the effects result in
decreased investment in sustainable agricultural practices, difficult management and
farm crisis. Dealing with these concerns and limiting the consumption of
non-renewable resources is one of the key issues of sustainable spatial planning.

3 How Does Smart Farming Grow with Land Take?

The UN Resolution adopted on 20 December 2017 [37] invited Planners to support
sustainable and efficient food production systems facing the scarcity and reduced
quality of land and water resources. Due to sprawl of urbanisation, exploitation of
natural resources around the metropolitan regions has significantly changed in the
last decades and a wide range of approaches to assess productive farm and forest
land in land-use planning has been studied [38–40].

The consumption of natural resources due to urbanisation is summarised in the
“land take” indicator, which assesses the increase of artificial surfaces due to the
pressures of social and economic activities, including areas sealed by construction
and urban infrastructure, as well as urban green areas, and sport and leisure
facilities [41].

Land take intensity is calculated as a percentage of land converted to urban areas
(artificial surfaces) in the given period or as a percentage of the total urban area in the
year. In a sustainable development, the reduction of land take represents a pivotal
policy target for EU-27 and it concerns the economic use of soil resources and the
avoidance of unnecessary urban sprawl. Table 2 shows as land take has been
improving in Europe, though the 78% of land take affected agricultural areas,
i.e. arable lands and pastures, and mosaic farmlands. The main drivers of land take
during 2000–2018 were industrial and commercial land use as well as extension of

Table 2 Land Take in EU-28 (Source: CORINE Land Cover provided by European Environment
Agency)

Period Land take (hectares per year)

2000–2006 102,171

2006–2012 86,014

2012–2018 53,933
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residential areas and construction sites. When these surfaces are also ‘sealed’, by
covering of the ground by an impermeable material, the soil degradation affects
irreversibly fertile agricultural land, puts biodiversity at risk, increases the risk of
flooding and water scarcity [42].

According to the National System for Environmental Protection, in Italy the
agricultural damage due to land take caused a potential loss of three million quintals
of produce between 2012 and 2018. In 2018, the consumption of soil had
summarised 2139.786 ha and in 2019, the soil sealing increased by another
5700 ha at the rate of 2 m2 s�1, with a per capita consumption of 354.5 m2 [43].

In order to minimise agricultural land consumption regional territorial planning,
basic principles are:

– the rejection of a dissipative concept of land use;
– the incentive to reuse the existing buildings;
– the completion and compacting of settlements;
– the polarization on urban contexts characterized by better accessibility

conditions;
– the sustainable qualification of transformations;
– the protection of large green open spaces;
– the enhancement of farmlands.

In EU-27, policies to avoid further land take and sealing on their best agricultural
soils have been established, i.e. protecting special landscapes from infrastructure
developments in France and the Netherlands; strictly controlling building activities
within the first 500 m from the sea in Spain, or requiring the payment of a fee for
farmland consumption in the Czech Republic and Slovakia. In Italy, building
activities are under a strict law control in areas of historic, natural, environmental
and cultural values, as well as limited in agricultural areas. Problems arise when land
use pressures are considered as the only solution to achieve better progress. Getting
out of an economic crisis requires quick action and lower expenditure. Costs are
often referred to as the outlay to be incurred for the work. The fragility of existing
resources and the values erased from territories are not considered. In this context,
protecting farmland becomes harder.

Since 2001, to relaunch its economy, the Italian Government has ruled to simplify
the construction of major infrastructure works similarly to the United States and
China. As works of national strategic interest, they can be built by overcoming any
environmental-landscape constraint. In the last years, the simplification of design
implementation plan has led to the rapid development of large infrastructures, which
means a growing amount of taken land. Such road systems have been built
underestimating the value of the land crossed and the damage caused to agricultural
holdings and agri-food systems. The only construction of the motorway connecting
the cities of Brescia-Bergamo-Milan (Bre.Be.Mi.) involved 400 farms. Two million
square metres of farmland had been lost. This amount does not include the land
dedicated to the secondary road network and logistics. Two hundred and sixty-five
ha of agricultural land disappeared in the territory of the province of Lodi for
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building a High-speed Rail (“TAV”). This amount is equal to 20% of the consump-
tion of land registered in Italy between 1999 and 2007.

It is also the case of the Cispadana motorway linking the cities of Parma and
Ferrara. Despite the opposition of the Ministry for Cultural Heritage, it will erase
65 km of historically consolidated agricultural landscape, causing a large consump-
tion of land to the detriment of farm holdings. Another project, the new Vigevano
Magenta ring road, will cross restricted areas of great rural, environmental and
landscape value notwithstanding opposition and protests by farmers and local
organisations and communities.

It is still the case of the construction of the Pedemontana motorway in the Veneto
region, insisting on the territories of the provinces of Vicenza and Treviso. It has a
total extension of about 94.5 km, in addition to ordinary connecting roads for a
further extension of over 50 km. In 2018, for its construction, Veneto was the Italian
region with the most consumption of soil. The land take amounted to 227,368 ha,
equal to 12.40% of the total land area, against a national average of 7.64% [ 44].

Spatial planning plays a fundamental role in finding effective solutions by
interconnecting development and sustainability, combining land values with eco-
nomic, environmental and climatic emergencies. Unaware choices can irreversibly
compromise the survival of small farms. Thus, we forget that proximity to a big
infrastructure:

– fragments the land of an agricultural holding
– compromises its functionality by moving it away from irrigation sources
– poses sources of immediate pollution closer to the farm
– induces future environmental and landscape pollution, and ecological imbalance

through the proliferation of logistics.

The frequent alarms raised by farmers and environmental organisations highlight
that the farmland values are not fully understood yet in 2020.

4 Smart Farming Up, Farmland Down: A Gap to Be Solved

The lack of willingness in investing in innovation in agriculture can be connected to
the vulnerability and uncertainty of future for agricultural holdings. The implemen-
tation plan of a new infrastructure involves an immediate expropriation of farm
holding land and imposes constraints on every development project of farmers, even
when the infrastructure project remains blocked for many years [45, 46].

The aim of territorial planning is to design a decision-making process focused on
environmental, economic, cultural and social goals through the development of
spatial visions, strategies and plans implemented in a set of policy principles,
regulatory procedures and tools. Therefore, it becomes essential for spatial planning
to know how to give the right value to farm holding resources to avoid erasing any
prospect of possible development for farmers. It seems to be paradigmatic that when
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the whole world is engaged in land grabbing, as in food security at a national and
regional level the emergency of land consumption is still growing [47, 48].

This happened in Lombardy, region of northern Italy, where though minimizing
land take had been one of the territorial planning issues since 2005, 51,391 ha of
farmlands have been eroded by settlements and infrastructures between 1999 and
2019 as summarised in Table 3.

This discrepancy between global environmental issues and local development
seems to be based on a badly placed question. Farmers are required by environmen-
tal policies to develop sustainable agricultural practices, but they don’t have any
support to achieve this goal by new planning strategies reducing land and water
resources with loss and damage to ecosystem services. As Gargan and Sokolow
emphasised, land use planning should proactively address sustainable economic
development, not only care the development control and this issue is particularly
relevant in rural contexts [49].

Assessing sustainability of territorial development towards the agri-food system
requires understanding of what farms need to be a valuable environmental resource,
considering the inhomogeneity of rural spaces [50–52]. This inhomogeneity is
emphasized in “urban influenced” agriculture located in the midst and/or on the
fringes of urbanised areas where farms have to face growing scarcity and reduced
quality of land and water resources day by day.

Among the main threats to a sustainable development, the Commission of the
European Communities [53] pointed out the soil loss and declining fertility which
have been eroding the viability of agricultural land in recent decades.

Table 3 The farmland consumption in the provinces of Lombardy region between 1999 and 2019
(source: elaboration on data CRCS—Centro di Ricerca sui Consumi di Suolo and ISPRA/SNPA)

Provinces of Lombardy
Region

Land area
(km2) Farmland (ha) Farmland consumption (ha)

1999 1999–2015 2018 2019

Bergamo 2,755 82,428.78 6,620.92 35,329 35,525

Brescia 4,786 180,205.87 10,593.14 55,285 49,527

Como 1,279 20,276.80 1,789.82 10,374 15,615

Cremona 1,770 153,767.77 4,024.46 20,043 18,450

Lecco 805.6 14,359.67 1,444.19 16,627 9,648

Lodi 782 64,478.87 2,201.44 10,218 9,492

Mantua 2,341 197,717.81 6,153.39 26,346 24,639

Milan 1,575 87,393.97 8,537.00 50,443 49,742

Monza and Brianza 405.5 16,118.28 2,365.82 16,627 16,456

Pavia 2,969 225,253.66 4,129.16 32,631 28,104

Sondrio 3,196 25,387.16 1,557.52 10,324 8,444

Varese 1,198 19,176.97 2,274.11 26,518 25,099

TOTAL 23,844 1,086.545.60 51,391.01 310,912 290,741
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Today, policy makers are asked to highlight the role of smart farming in the future
scenarios of territory transformation. Two opposing perspectives represent critical
issues in regional planning with respect to the evolution of Smart farming. The first is
the approach to read development only as new urbanisation, the second concerns
limiting the protection of the territory to the conservation of agricultural landscapes
without considering farming evolution.

In this perception Smart farming epitomises the industrial side of farming, which
erases the identity and cultural values of territories, something to prevent rather than
to support. To solve this gap, two aspects are crucial: considering the rural system in
its integrity and reviewing the environmental function of innovation in agriculture
tackling the challenges posed by the Agenda 2030 The imperative evocated by the
United Nations Conference on Trade and development [54] still resonates: “Wake up
before it is too late!”.

5 Challenges in the Metropolitan Area

As pointed out by the Strategic Research Agenda of ICT-AGRI ERA-NET, [55]
Europe has a huge potential to produce high quality and safe food for a continuously
growing market thanks to its leading role in the agricultural engineering sector. A
potential that can be enhanced or dispersed relating how the value of farmland and
agricultural holdings is considered in development strategies planning. In Italy
spatial planning operates through different levels, from national and regional policy
strategies to local municipalities. In 2005, the revision of the Title V in the Italian
Constitution led to a general redrafting of the Regional planning powers on agricul-
tural areas, weakening the policies of safeguarding agricultural soils against urban-
ization pressures.

To exemplify how the rural system can be threatened or enhanced in sustainable
planning, a small town in the metropolitan area of Milan City, Melzo, was chosen as
a case study. Since the 1950s, the outskirt of the Milan City had been affected by an
intensive urbanisation compromising a large part of farmland. To protect both the
environmental and economic value of the lands from the urban sprawl, the South
Milan Agricultural Park was established in 1990, bordering the southern part of the
City. It includes 61 municipalities with a green belt of 47,000 ha; the UUA is
39,900 ha with 1400 agricultural holdings scattered on its territory (Fig. 1).

The 51% of the town of Melzo is inserted in the South Milan Agricultural Park. In
2014, the UAA still covered 403.56 ha, with 16 agricultural holdings devoted to
zoo-technical cereal production and a multifunctional agriculture. The landscape is
characterised by corn crops, reaching as far as the urbanised fringes, as well as
autumn-winter crops and beetroot. The architectural model is historically
represented by industrial big farms designed for intensive agriculture, living on
rice growing and cattle breeding, meat and dairy production. The lands can take
advantage from a rich surface irrigation system with resurgences, waterways,
streams and canals. In recent years, new infrastructures have been added, i.e. the
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32-km long East Milan Outer Ring Road (TEEM) connecting Melegnano
(A1 Milan-Bologna-Rome-Naples Motorway) to Agrate Brianza (A4 Turin-Milan-
Venice-Trieste Motorway). The TEEM has redefined the extra-urban layout of the
countryside.

To prevent this unfavourable situation for farmers, the cited case study compared
the regional and local spatial planning scenarios with the territorial characteristics
needed for the development of agricultural holdings. Thus, information about land
use, livestock, labour force and other selected structural variables was gathered from
the agricultural holdings.

The survey of land use included: use of areas according to main uses and
purposes, to urbanisation; open areas; agricultural areas (crops, plant groups, spe-
cies, and cultivation types etc.). The variables included are: type, size and location of
the holding, ownership and type of tenure, irrigated and irrigable UAA, organic
farming; installations for the use of renewable energies, and other gainful activities
linked to diversification. The analysis also included necessary aspects to consider the
agri-environmental and cultural territorial resources: e.g., the evolution of urban
morphology, the value of agricultural areas (Fig. 2a) and related settlements; the
landscape.

The rural development sustainability was assessed comparing the impact of urban
spatial planning (Fig. 2b) with the valuable and critical elements connected to the
development of farms. The survey evaluated the agricultural holdings on parallel

Fig. 1 The municipalities involved in South Milan Agricultural Park. In evidence the case study
location
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layers, in terms of utilisation and production, considering in pairs, their relationships
with territory and landscape, buildings and environment (Fig. 2c).

The results tried to define alternative scenarios for the improvement and conser-
vation of local agricultural values that had strategic value for the territorial policy
and were consistent with the forecasts with prevailing effectiveness at the supra-
municipal level (Fig. 2d).

Priorities as identified in this planning process were:

• Identify local/regional needs and specializations of farms,
• Map and build on existing initiatives,
• Interact with farmers,
• Consider agricultural and environmental concerns,
• Identify barriers that prevent farmers to adopt the best management practices,
• Designate agricultural soils with development constraints,
• Consider “strategic farms” to design alternative scenarios during the planning

process.

In fact, the agricultural territory has been affected by the road system thus
facilitated on a regional scale. The new infrastructure has been built according to

Fig. 2 Graphical illustration of sustainability assessment of planning process as analysis of
farmlands values (a), infrastructures development in City Plan (b), assessment of farms vulnera-
bility (c), sample alternative scenario with mitigation measures for farms (d)
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the Program Agreement defined by the Lombardy Region, the Provinces of Milan,
Lodi and Monza and Brianza together with the 34 Municipalities directly lapped by
the motorway route. Figure 3 reveals how the new infrastructures impact on farm-
lands also due to the activities connected to them. Not only has the land configura-
tion been changed, but also the farmers’ perspectives and autonomous planning. In
2020, seven farms remain from 16 surveyed in 2014.

Providing effective coordination across development approaches to improve
growth of the environmental benefits of connected agri-food sector facing the
consumption of farmland remains an important issue and challenge for metropolitan
governance.

Considering agriculture as a generic use of land leads to the construction of
houses, industries, services and infrastructures, as if the rural territory were an
indifferent basis to urbanization effects. The risk is to consider rural space as an
indefinite urban space.

Sustainable planning asks the new generation of plans to carefully read agri-food
systems [56]. In reverse, the growing emergency of farmland consumption signals a
lack awareness in assessing their territorial values. If smart farming is key to
developing sustainable agriculture [57], sustainable spatial planning is key to devel-
oping smart farming (Fig. 4).

Fig. 3 The transformation triggered by TEEM through the farmlands: the district area involved in
the protected area of the South Milan Agricultural Park (d), the image satellite of the area before
starting works in 2000 (e), the same area in 2020 (f)
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The smart farming needs a change of perceiving agriculture. The availability of
new technologies offers new perspectives to spatial planning. The interconnected
open access data can guide development choices by considering the ecological,
ergonomic, economic and energy factors related to the agricultural holdings. This
can be achieved thanks to sharing and collaborating with farmers and local stake-
holders to find elements of convergence and a common vision, to better inform smart
farming development. Each agricultural holding ensuring food security, provides

Fig. 4 Implementing smart farming to achieve SDGs faces a range of spatial planning challenges
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also territorial protection through the conservation of no-renewable resources—such
as habitats, biodiversity and water—the control of floods, drought, soil erosion, and
it is, also, a source of enjoyment of the landscape.

Agricultural holdings adopting ICT should be identified as “Strategic Farms” for
achieving food security and promoting sustainable agricultural practices, as funda-
mental resources to safeguard in the sustainable development, fostering collabora-
tion between policy makers and farmers [58]. The key words is cooperation between
territories, farmers and planners by creating new concepts in territorial development
strategies.

6 Conclusions

The chapter showed that regional/spatial planning has a key role to play in allowing
Smart farming putting the 2030 Agenda for Sustainable Development and the 2050
EU’s vision into practice. As a result of the hypotheses of this study, it was analysed
how the emerging trend of smart farm in agriculture can be compromised by
unawareness strategies development only focused on urbanisation locking up any
future for farmers.

If innovative farmers are investing on improving both the environmental and the
social sustainability of their products, their efforts deserve careful attention by spatial
planning as well as land take needs to be limited. In the last decades, the main drivers
of land take were industrial and commercial land use as well as extension of
residential areas and construction sites.

To support the development of digital agriculture, preventing soil sealing, con-
serving land, water, plant and animal genetic resources, biodiversity and ecosystems,
limiting the change in the area of agricultural, forest and other semi-natural land
taken for urban and other artificial land development are priority issues. These aims
are crucial for smallholder farmers and they are also fundamental cornerstones of
spatial planning, at different levels. On reverse, the study pointed out how the gap
between global development strategies and regional spatial planning in Italy has a
direct negative impact on the chances for agriculture to achieve the SGDs.

The case study introduced, approaching a complex system for urban and regional
planning, sought to provide a framework for decision makers and planners to meet
these challenges. The method described in this chapter suggests including Smart
Farming in regional/spatial planning through the identification of “Strategic Farms”
as rural drivers of sustainable development. Recognizing the agri-food system as a
territorial system allows understanding how spatial planning strategies can influence
the economic availability and willingness of farmers necessary to invest in innova-
tion. Each area destined for agricultural production, as well as ensuring food
security, is at the same time an instrument of territorial protection, control of water
resources, floods, drought, soil erosion, and a source of enjoyment of the landscape.
Further steps forward are to be taken in establishing coherent measures at global,
regional and local level so that spatial planning can support the 4.0 revolution in
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agriculture. The new revolutionary technologies for farming can make the bound-
aries between agriculture and food systems dissolve. Prospecting vertical farm as the
iconic future of agricultural industry, without considering the incidence of land take
on the evolution of smart farming can trace an irreversible pathway. In this way
agriculture will meet its food goals but it will miss its environmental goals.
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1 Introduction

By 2020, the world population registered at 7.79 billion inhabitants, and it is
expected to reach 9.77 billion people by 2050. For its part, by 2020 the estimated
total population of Latin America and the Caribbean was 653 million inhabitants;
with a high concentration in South America (438 million), Central America and the
Caribbean (88 million) and Mexico—a country that is located in North America—
with 127 million people [1].

The agricultural sector is diverse and full of contrasts. It represents a small
proportion of the world’s economy, but it remains central to the lives of millions
of people. In 2010, approximately 2.6 billion people in the world were economically
dependent on this sector [2]. Agriculture and livestock occupy around 40% of the
planet’s land surface; approximately 1.5 billion hectares of land are used for planting
crops, while 3.5 billion are used for grazing [2, 3].

Agriculture is an essential activity in Latin America and the Caribbean, a region
rich in resources that has the potential to become a great provider of food security for
the planet. The region has a quarter of arable land and a third of the world’s
freshwater resources. Its exports of agricultural products account for 15% of the
global total, while it is the world’s largest net food exporting region.
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This chapter briefly and summarily comments on the current situation of agricul-
ture in Latin America, as well as on the recent advances to produce more and better,
through new production schemes that in parallel mitigate the effects of climate
change on agriculture. The challenge is to continue finding formulas to supply
food to a constantly growing population and the corresponding demand for food
by 2050. The effects of climate change in these latitudes of the world are discussed,
as well as the strategies that have been followed to increase food production, the
most suitable areas to practice agriculture, and food requirements for the year 2050
considering that in this region of the world, population growth ranks third after the
Asian and African countries.

2 Mitigation and Adaptation of Climate Change
in Agriculture

In economic terms, the agricultural sector will be the most affected by the negative
effects of climate change [4, 5]. The Latin American region that could be most
affected is Central America, especially regarding food security [6, 7].

The increase in the concentration of greenhouse gases has forced the agricultural
sector to take mitigation and adaptation measures. Adaptive capacities are limited;
therefore, climate change affects the availability and access to food together with the
volatility of the prices of agricultural products in the Latin American region [6].

Changes in weather patterns reflected in extreme events such as prolonged
droughts, floods, and frosts, both are recurrent with negative effects in the rural
sector, particularly in agriculture. On the other hand, the incidence of pests and
diseases manifested in latitudes where the attacks of pests and diseases on crops were
not significant or simply did not occur. Currently, harmful insects and microorgan-
isms have adapted to the current climate conditions, causing damage to crops, whose
economic losses in agriculture are highly significant.

Agriculture is highly vulnerable to the effects of the weather, but it is also
responsible for between 19 and 24% of greenhouse gas emissions globally, which
constitutes it as a generator of global warming. The increase in temperature has
direct consequences on agriculture, as well as the production and availability of
food, putting at risk the food and nutritional security of the most vulnerable countries
and societies. Extreme events have been recorded throughout the Latin American
region, for example, east of the Andes. Rainfall in South America has shown an
upward trend, while in several tropical regions of Central America and Mexico,
rainfall is more intense in short periods. In the Caribbean, floods caused by hurri-
canes have had a strong impact on the region’s economy in recent years, causing
landslides, destroyed infrastructure, damage to agriculture and have exposed the
population to recurrent risk [8].

In 2010, agriculture accounted for, on average, 29% of total Gross Domestic
Product (GDP) in low-income countries (per capita income below $1005), while for
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middle- and high-income countries it represented 10.5 and 1.5% [2]. Estimates
indicate that by 2050 there will be losses in the value of production in southern
Mexico and Central America; while in northern Mexico, some regions of Argentina,
Chile and Colombia could have increases in production, associated with a more
stable climate [9]. In some agricultural areas of Central (El Salvador, Honduras and
Nicaragua) and South America (Bolivian plateau, North of Chile, part of Ecuador
and Peru) total losses of agricultural production caused by natural disasters are
reported. The yields of crops such as corn, beans, wheat, potatoes, rice, and some
fruit trees show increasing trends in regions with good production potential, and
decreasing in regions with degraded soils, in addition to a pronounced instability,
which will have negative impacts on farm income. It is expected that by 2050, the
population will not only live in an increasingly hot region with less frequent rainfall
in arid and semi-arid areas, but more incidences of hurricanes in the Caribbean and
the Gulf of Mexico will be experienced as well. As a result, landscape modifications
have occurred, due to the lesser availability of water and the advance of the desert
and semi-desert that decreases the forest cover. Currently, the Intergovernmental
Panel on Climate Change (IPCC) indicates that long-term policies are necessary for
the growth and progress of agriculture and rurality, in areas such as smart industri-
alization that adds value to agriculture, social responsibility actions and smart
agriculture in nutritional matters [9].

Agriculture in Latin America and the Caribbean is key to global food security,
producing food for hundreds of millions. This region is home to 50% of the global
biodiversity and provides 30% of the arable soils [9]. Agriculture, food systems, and
rural areas are part of the solution to stimulate the development of the region and
represent an opportunity that should be seized. It is urgent to promote rural devel-
opment in this region of the world, because it offers agricultural, food and productive
opportunities, as well as possibilities for a new energy development and to face
poverty, hunger and the effects of climate change.

In Latin America, with the support of governments and agricultural research
institutions, farmers have begun to implement some low-cost mitigation and adap-
tation measures to climate change, such as modifying planting and harvest dates, the
use of varieties of plants tolerant to high temperatures, drought, pests and diseases,
use of short-cycle varieties, irrigation infrastructure works, and the implementation
of new production practices, among others. However, these measures will not be
sufficient to cope with climate change and, therefore, the implementation of planned
adaptation measures that include local, regional, national and even international
components will be necessary [3]. Other efficient traditional adaptation measures
are to increase the level of knowledge of farmers in the efficient management of their
crops, create and introduce varieties of plants that are tolerant to high temperatures
[10]. A new category of ecosystem-based adaptation practices known as EbA
(Environmental based Adaptation), which consists of the establishment of protected
areas and payments for environmental services [7], to improve the capacities that
ecosystems have to isolate human communities from the adverse effects of climate
change through the provision of environmental services; a typical example is the
protection of mangroves from storms and hurricanes.
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In recent years, advances have been made in research that contributes to the
increase in agricultural production in Mexico and Latin America, among which are:

(a) Advances in computer and communication technologies in agriculture. The
tenet of this section is to exemplify how informatics is already addressing
problems and building computerized solutions related to the 3Fs, namely: food
demand, food production and food security. The advancements of modern
information and communication technologies (or ICTs), which delve in com-
puter science are still seeing unequal application in different countries, especially
so in Latin America. Recent analyses of the reach of modern-day informatics
confirm the existence of an important gap in the use of web information
resources [11]. For instance, 5G technology, which promises universal reach
to wireless internet access, will see slow or null penetration for some time in
many food production enclaves in the region, such as rural home-based agricul-
ture and small farms or agricultural production units. This undoubtedly affects
productive, innovation and knowledge management processes that could con-
tribute to solve issues related to 3Fs.

Academic programs in agro-ecology, which target among other themes, food
security through sustainable management of natural resources based on local
indigenous agriculture knowledge, are seemingly not taking full advantage of
informatics tools [12]. Somewhat paradoxically, ownership of or access to
powerful computing equipment is becoming less of a necessity, due to cloud
computing services accessible via devices such as intelligent mobile telephones.
Even though in deprived Latin American environments mobile telephones are
becoming more common, there is still an important access void to web resources.
App developments to support agriculture or targeting any of the 3Fs are scarce.
In several Latin American countries, the incidence of web access to data,
information and knowledge to support food production and food demand will
remain geographically and socially unequal for some time. In contrast, a rather
recent literature review supports the view that “the increase in ICT investment
explains an important part of the acceleration growth in the US since 1995” [13].
The complex interplay of issues and dilemmas of agriculture in comparison with
the situation in developed countries has been discussed extensively from angles
other than informatics advances, as they relate to a country’s development, per
capita income and population growth [14, 15]. The relevance of informatics in
food traceability, strongly relates to food consumption security. Food security
undoubtedly adds value to agricultural products. Japan illustrates this with the
development of comprehensive food traceability systems, which rely on web
access and highlight the need to involve the public and private sectors in these
endeavors [16].

Powerful commercial enterprises are already developing and buying infor-
mation systems and data suited to their particular interests in the USA [17]. In
Latin America government agencies, civil organizations, academia, technicians,
farmers and other interested parties should not trail behind in addressing the
precarious 3F panorama. Training and education in informatics are needed so no
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stakeholders would stay unknowingly outside what is available to support
modern decision-making [18].

Decision-making is an everyday activity in the agricultural environment [51].
It is performed solely by humans or aided by a variety of instruments. In
modernized regions of the world, these instruments include computers, data
from sensors or third-party information services. In order to obtain stand-alone
computing components such as for mobile phone apps or entire integrated
systems, informatics specialists guide themselves by workflows or process
models. Workflows start with conceptualizing problems and possible solutions,
and then proceed to gathering data, organizing, analyzing and summarizing it as
information and finally producing knowledge (DIK). Parts of any workflow
should be discussed among stakeholders, because there are many issues involved
and compromises have to be evaluated. Software construction is an engineering
activity, its outputs are relevant to decision making in many endeavors [19]. This
is why education and training are relevant [20].

Precision agriculture (PA), clearly exemplifies the DIK workflow. Instru-
ments gather terrain data, mobile phones may supply weather information,
agricultural services and products are obtained after knowingly evaluating pro-
viders. Much of the process can be automated and embedded in smart compo-
nents onboard programmable vehicles. Under what conditions can this sort of
computerized solution be a solution to what 3F problems in Latin America?
What is at stake? PA experiments were reported in Argentina since 2002
highlighting open issues at the time, such as agronomic and ecological principles
for optimized recommendations for inputs [21]. Due to reported excessive use of
agro-chemicals plus lagging governmental legislation for example in Mexico
and questionable terrain suitability in many traditional agricultural enclaves, the
contribution of PA to solve 3F problems remains debatable. However, it has
been presented here as an example of advanced ICT proposals to be discussed
for other regions in Latin America.

Other examples of the positive impact of ICT developments on 3Fs are apps
accessible by mobile phones, particularly when these are able to access compre-
hensive databases and extract information of interest to users in agricultural
environments. In what follows we include two of them developed in Mexico: the
RNEAA and the CapCarb-Huatusco systems.

RNEAA is a downloadable app offering friendly access to the National
Network of Automated Agro-meteorological stations developed by a group of
researchers in INIFAP, the National Institute of Forestry, Agriculture and Live-
stock Research [22, 23]. In Mexico, big databases of meteorological and weather
information are collected, some feed RNEAA which provides
short-term meteorological forecasts, forecast models for agricultural pests and
plant illnesses as well as national thematic maps of main meteorological vari-
ables. This comprehensive app relies on data-takes every 15 min about temper-
ature, relative humidity, precipitation, solar radiation, and wind speed and
direction. Every hour users can visualize the status of meteorological conditions
over the country and over the oceanic platform. With this, information
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researchers are able to follow and even prevent in the short, medium and long
terms conditions affecting crops.

CapCarb-Huatusco systems are among other examples that rely on a multi-
platform application. A first version of the system has been developed to address
data gathering of carbon sequestration in coffee agro-ecosystems in Mexico. The
system works in mobile and web platforms to calculate plant carbon capture,
responding to information needs of users and social actors interested in the
sustainability of crops within agro-ecological systems. It systematizes data
collected in situ and in real time to generate estimates of carbon sequestration
in coffee agro-eco-systems. The first version is already used in experimental
fashion in the State of Veracruz, Mexico. Registration of vegetation, soil and
basic indicators of the productive structure of selected coffea arabica plots are
input to the system and are the basis for a diagnosis of plot productive structure.
A process workflow starts with the design of system components: general system
architecture, conceptual model of the database, user profiles/interfaces and
internal navigation. A main component in the CapCarb-Hautusco system, is
the comprehensive data and information storage module, which includes
geolocation of sites and plots, technical, documents and maps. An open-source
data base management system is needed to allow access to all required compo-
nents. CapCarb-Huatusco aims at flexibility through the possibility of updating
algorithms as required, for example to estimate biomass and carbon sequestra-
tion. CapCarb-Huatusco illustrates the relevance of user, researchers and devel-
opers involved in all stages of system development [24].

Among other relevant ICT developments for agriculture is Big Data and
Analytics. The concept of Big Data arises as a generic label for data in domains
or organizations, that is continuously becoming massive, complex and in certain
cases intractable. A variety of remote sensors onboard satellite platforms and
drones gather Earth data continuously at different geographical scales. Other
huge volumes of digital data are collected at farm level for precision agriculture
and government statistics. All these archives make for Big Agricultural Data
[25]. Analytics focuses on the knowledge management process which can
certainly be applied to such massive data in the agricultural sector [26].

(b) Productive potential of crops in Mexico. The productive potential is the spatial
geographical delimitation of the areas where it is feasible to carry out, with the
greatest probability of success, the production of different agricultural species
without deterioration of the environment [50]. As part of the strategies for
modernizing the countryside and reconversion of agriculture in Mexico, the
Mexican Ministry of Agriculture, through National Institute of Research for
Forestry Agricultural and Livestock (acronim in spanish INIFAP), has been
developing studies since 1992 that would allow the identification of areas/zones
of the country where it can be developed with the greatest probability of success.
In the studies of the productive potential, it is important to determine the
agroecological requirements of the crops, for this, the ECOCROP world data-
base is used [27].

144 J. Soria-Ruiz et al.



This database contains information on the agroecological requirements of
2568 species of plants of economic and social importance. In order to improve
the quality of the studies of productive potential, the databases of climate and
soil and crop requirements were improved to determine areas with productive
potential of basic crops, fruit trees and vegetables in various regions of Mexico
[28]. Studies have been carried out at the national level of the productive
potential of 55 agricultural species of socio-economic importance in Mexico,
where the potential zones of basic crops, horticultural, industrial, fruit trees,
ornamentals, pastures and forage plants, bioenergetics crops and other species
were obtained. In most cases, they are studies that show a broad perspective of
the areas with the highest probability of success for each crop, which are used as
an auxiliary tool and aid in the planning and reconversion of crops. In Fig. 1, the
cartography of the productive potential for corn in Mexico is shown [29].

(c) Phytosanitary alert systems in agriculture: the case of Mexico. Currently
food production systems, mainly based on agricultural production processes,
face the challenge of producing more and better food and at the same time
reducing the environmental impact associated with this process. Science and
technology have contributed to improving agriculture and food production by
designing new ways of producing that use soil, water, and input resources more
efficiently while increasing production and eliminating threats to human health

Fig. 1 Areas with productive potential for maize crop in Mexico
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and the environment. Pest’s management is one of the issues that require
constant innovation due to the changing nature of the interactions between the
harmful organism, the crop and the climate. Among the different technologies
that have been developed for pest management, Phytosanitary Alert Systems
(PAS) constitute one of the most innovative approaches. PAS are associated with
early notification systems about the appearance of a pest in a region, which are of
great importance to prevent the introduction and spread of new pests considering
the intense commercial exchange that has characterized the world in the recent
years [30]. In 2009, Mexico implemented the National Phytosanitary Epidemi-
ological Surveillance System, SINAVEF [31] and since 2000 participates
together with the United States and Canada in the PAS of the North American
Organization for the Protection of Plants [32]. Technological advances in data
acquisition and communication are of great importance to early detection and
notification of new pests in a region or a country. Beltrán-Peña et al. [33]
proposed a methodology to detect the avocado sunblotch viroid using satellite
spectral imaging.

PAS also include technologies that integrate data on the pest, crop and
weather conditions and complement their analysis with analytical tools such as
simulation models to forecast and inform producers in a timely manner about
possible pest outbreaks and help them prevent damages to production. This type
of model allows predicting when the critical development stage of the organism
occurs for the application of preventive measures to avoid the presence of an
epidemic outbreak [34, 35]. In Mexico, efforts to develop alert systems based on
forecasting models began in 2003 and to date, important advances have been
published in monitoring pests such as the fall armyworm Spodoptera frugiperda
[30] and the Central American Locust Schistocerca piceifrons piceifrons [36]. A
national phytosanitary alert system based on forecasting models is currently
under development to support surveillance of the most important pests in the
country.

(d) Inspection and risk analysis of agricultural products. Developing and
implementing sampling schemes that comply with phytosanitary import require-
ments is essential to guarantee access to agricultural products, which minimize
the probability of acceptance of shipments that do not comply with international
standards for phytosanitary measures. In this sense, Mexican researchers have
designed sampling schemes for the inspection of imported seeds according to the
specifications of the International Standard for Phytosanitary Measures (ISPM).
It is important to guarantee that the inspections carried out at ports, airports and
borders can be detected with a certain level of confidence, quarantining pests that
affect crops of economic importance. Manuals have been generated for the
inspection of grains, propagating plant material, fruits and vegetables and
dehydrated products [37].

In addition, seed sampling schemes of imported products have been carried
out by sampling CSP-3 skipped batches. Training is continuous for inspectors,
characterized by updating the sampling schemes with the application of the
hypergeometric distribution, according to NIMF 31 and NIMF 32. Other
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member countries of the International Regional Organization for Agricultural
Health (OIRSA) such as Nicaragua and Panama have been trained following the
Mexican model in Phytosanitary Inspection and sampling; risk-based for sur-
veillance, certification and inspection. In addition, as part of the development of
the inspection in Mexico and derived from the COVID 19 pandemic, Informa-
tion and Communication Technologies (ICT) are applied to share the sampling
schemes through various technological supports, such as the Shyni package from
R [38], which offers the facility to interact with the user in real time through the
development of an application so that inspectors from their smartphone deter-
mine the size of the sample to be inspected, according to the size of the lot, level
of stipulated reliability, the prevalence of the pest of interest and based on risk
with the hypergeometric distribution, according to the North American Plant
Protection Organization [32], where Mexico is a member.

On the other hand, the National Center for Phytosanitary Reference (acronim
in spanish CNRF), leader in the development of pest risk analysis in Mexico, is
in an update phase with the complement of risk analysis, where the risk matrices
will be parameterized to incorporate, uncertainty, probability and impact to
assess the risk of various dangers that may occur during the introduction of
agricultural products for import or export, which are associated with the presence
of pests such as fungi, insects, viruses, bacteria and nematodes, among others.
This implies the incorporation of discrete and continuous statistical distributions
to model the probability of different risk events, such as the frequency of
historical interceptions of the aforementioned pests (discrete event) and the
economic impact incurred when a risk event occurs (continuous variable). For
such risk analyses, a very versatile tool is used [39]. Mexico’s leadership, in the
inspection of agricultural products and attentive to international phytosanitary
provisions, has allowed it to compete in the international market for agricultural
products and to be a model for other countries such as those formed by OIRSA.

(e) Seed quality in Agriculture. As an important input in food production, seeds
play an essential role. Latin America is a region that has great environmental,
cultural and social wealth, with variable agricultural systems according to its
production conditions, crops, and cultural, economic and political factors. This
wide diversity of factors influences the levels of agricultural productivity and the
competitiveness of the region. The seed sector is different in each country and
has its own characteristics, dynamics and norms according to its local contexts.
Even within a country there are differences between the seed sectors between
crops and/or regions [40].

In the seed production systems in Latin America, the formal and informal
sectors coexist depending on the crop and the country. In Colombia and Peru,
farmers resort to sectors according to their particular needs, this is mainly due to
the development characteristics of the systems and to the fact that governments
must establish clear measures for the proper functioning and recognition of both.
In Brazil, the seed production system is characterized by the association between
private and public-private companies, guaranteeing the strengthening of
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research, training and development of this industry. In Guatemala, seed produc-
tion systems are in a state of emerging development [40].

In Mexico, the purpose of seed production is to link grain and seed production
with genetic improvement, with emphasis on aspects related to productivity and
postharvest handling. Research work on seeds is focused on designing and
evaluating procedures for the description and conservation of genetic identity,
on field control of genetic, physical and sanitary quality, on field production of
different categories, on establishment and management from production batches;
to certification and production standards, to control of pests and diseases in the
field and to the use and evaluation of techniques that increase the production
index in recalcitrant such as tissue culture. In grains, it will focus on field
production, regulations and nutritional quality, in addition to its processing
and industrialization.

(f) Beneficial microorganisms in agriculture. Several crops such as corn, beans,
wheat, rice, oats, tomatoes and chili are affected in their production by a wide
variety of phytopathogenic organisms that affect plant health [41]. Among these
microorganisms are phytoparasites, bacteria, viruses, insects, protozoa, mites,
fungi, nematodes, which cause diverse symptoms that depend on each organism
(genus and species) affecting different parts of the plant in agriculture [42]. The
conventional type of control of these phytopathogenic organisms is the use of
mainly organophosphate chemicals (e.g. organophosphates: fenamiphos,
ethoprofos, cadusafos; carbamates: aldicarb, carbofuran, oxamyl) and fumigant
nematocidal. However, the frequent and indiscriminate use of these products has
generated the problem of resistance to these products, in addition to the damage
to beneficial organisms (dung beetles, worms, among others), microbial consor-
tiums present in the soil and contamination of aquifers [43]. For this reason, it is
important to look for alternative, sustainable and environmentally friendly
control methods. In this context biocontrol is an ecological method that uses
natural antagonists such as: parasitoids, nematode predators of other nematodes,
bacteria, entomopathogenic nematodes, insects, viruses, tardigrades,
nematophagous mites, micro and macro fungi [44]. Within this repertory of
beneficial organisms for agriculture, studies have been carried out on the bacte-
rium S. marcescens that produces chitinases, which hydrolyze the ß-1, 4 glyco-
sidic bonds of chitin [45, 46]. This bacterium has a complete chitinolytic system
formed by three classes of enzymes: (1) endochitinases, (2) exochitinases and
(3) chitobiases and a protein that binds to chitin. The use of beneficial microor-
ganisms in agriculture through biocontrol is a compatible approach to agricul-
tural production, additionally a tool for producers for the development of a
sustainable and regenerative food system, as it would reduce the use of
chemicals such as pesticides, public health risks and negative impact on the
environment.
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3 Food Demand in Latin America by 2050

The Latin American and Caribbean region depends on agriculture as the basis of its
economy in terms of work, internal trade, and the generation of foreign exchange
through exports [47]. As global trends affect food security and the sustainability of
food and agricultural systems, a number of uncertainties arise. Today’s food and
agricultural systems are not capable of meeting the needs of a population that is
estimated to exceed 9.7 billion people by 2050. Therefore, it is necessary to increase
production in the context of climate change [10]. The trends point to specific
challenges facing food and agriculture to achieve hunger eradication and food
security by 2050. The challenges identified are relevant to achieving food security,
improving rural livelihoods, and make agriculture, fisheries, forestry and natural
resources more resilient, productive and sustainable [10].

In Latin America and the Caribbean, substantial improvements are being made in
the conservation and use of resources to meet the demand for food in the current
context, and agricultural research institutions such as INIFAP of Mexico, CATIE of
Costa Rica, EMBRAPA of Brazil and INTA of Argentina among others, are
developing new methods and techniques to produce more and better food through
the efficient use of soil and water resources, genotype, management taking into
account the behaviour of the present and future climate by 2050. Any increase in
agricultural production is based mainly in the conservation and efficient use of
natural resources. Biological control of pests and diseases to enhance agricultural
production and food safety.

Regional trends in agriculture require finding new ways to produce food, to meet
the needs of a constantly growing population, favouring the ecological balance and
the efficient use of resources. In this sense, the FAO mentions ten challenges that
impede food security for all and the sustainability of agriculture [9], and indicates
that it is necessary to introduce fundamental changes in the agricultural systems of
the world and particularly of the countries of Latin America, rural economies and the
management of natural resources. To develop the maximum potential of food and
agriculture and guarantee a healthy future for all in 2050, it is necessary to adopt
innovative but sustainable agricultural practices, where traditional and ancestral
knowledge must be privileged and technological developments that increase the
productivity of the agricultural systems to be produced, preferably without the use of
pesticides that cause damage to ecosystems.

The immediate challenge for the Latin American countries is to develop, manage,
implement and promote agricultural systems with the following characteristics:
economically profitable, biologically efficient and ecologically sustainable. Through
systems of this type, it is expected to achieve certain goals such as: increasing food
production to supply the population’s needs at fair prices; generation and saving of
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foreign exchange through the export of agricultural surpluses; increase the efficiency
of the use of natural resources in the region; reduce damage to the environment by
conducting sustainable and smart agriculture to provide a more secure future for
future generations.

To meet the demand for food in 2050, FAO estimates that agriculture will have to
produce almost 50% more food, fodder and biofuel than it did in 2012. In
sub-Saharan Africa and South Asia, agricultural production should multiply for
more than two to meet the growing demand, while in the rest of the world where
Latin America and the Caribbean is located, growth forecasts would be around a
third above current levels (Table 1) [48]. This assessment takes into account recent
United Nations projections that the world population will reach 9.7 billion people by
2050.

4 Conclusions

The current situation of Agriculture in Latin America and the Caribbean, is very
diverse and with different levels of technification. From that where it is still practiced
in hillside areas with massive labor and rudimentary techniques with unit yields
below the world average, to intensive agriculture (Digital Agriculture) characterized
by mechanization with information technologies, where yields are recorded higher
than the world average. At both levels of modernization, climate change is causing
direct impacts on this sector. However, research institutions and the government
sector of these countries have implemented mitigation and adaptation measures to
climate change in agriculture, applying new knowledge and techniques (some of
them are described in this chapter), to increase the production and productivity of
crops in this region of the world. It is clear that, to meet the demand for food in 2050,

Table 1 Increase of agricultural production necessary to supply anticipated demand, 2005/
2007–2050 (%)

Region
2005/
2007

2012/
2050

2005/
2007–2012 2013–2050

Worldwide:

According to AT2050 [48] 100 159.6 14.8 44.8

Population projections [49] 100 163.4 14.8 48.6

Sub-Saharan Africa and South Asia:

According to AT2050 100 224.9 20.0 104.9

Population projections 100 232.4 20.0 112.4

Rest of the World:

According to AT2050 100 144.9 13.8 31.2

Population projection 100 147.9 13.8 34.2
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it will be necessary to produce more than 50% of what is currently produced; with
the need to increase the agricultural area of at least, 2% compared to 2012.

It is recommended that the governments of the countries of Latin America and the
Caribbean continue to promote scientific and technological research to mitigate the
effects of climate change on agriculture and that local and regional mitigation
measures consider the various production systems, the level of knowledge of
farmers, favoring the use of native seeds and organic agriculture, particularly in
marginalized regions.
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The Development Opportunities
of Agri-Food Farms with Digital
Transformation

Alessandro Scuderi, Giuseppe Timpanaro, Luisa Sturiale,
Giovanni La Via, and Biagio Pecorino

1 Introduction

The agriculture and agri-food sectors are facing multiple challenges, with the global
population projected to grow over 9.6 billion until 2050 resulting in a significant
increase in the demand for food. At the same time the availability of natural
resources is becoming increasingly constrained [1]. The agri-food chain remains
critical for livelihoods and employment, hence achieving the United Nations Sus-
tainable Development Goal of a ‘world with zero hunger’ by 2030 will require more
productive, efficient, sustainable, inclusive, transparent, and resilient food produc-
tion systems [2]. This requires an urgent transformation of the agri-food chain
towards digitalization. The digital innovations (the so-called Industry 4.0) is seeing
several sectors rapidly transformed by ‘disruptive’ digital technologies such as
Blockchain, Internet of Things, Artificial Intelligence and Immerse Reality. In the
agriculture and agri-food sectors, the spread of mobile technologies, remote-sensing
services, and distributed computing are already improving smallholders’ access to
information, inputs-output flows, and markets [3, 4].

Digital transformation is a process that influences every aspect of human society.
It is a transformation, determined by new technologies, that not only enhances
traditional processes of innovation and development, but creates new forms of
innovation characterized by clear and rapid changes, and affects every segment of
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society, such as the economy, communication, governance, information flow, art,
medicine, and science [5–7]. From the economic point of view, digital transforma-
tion can be defined as the process that redesigns and makes the company’s overall
offer more competitive, through the transformation of production processes, analy-
sis, and directly listening to market needs using digital technologies.

The definition highlights the importance of the innovative aspect of digital
transformation linked to the originality of the transformation. In order to understand
the digital transformation process, it is necessary to analyze some enabling technol-
ogies, distinct in product-service and process innovations, which assume a strategic
economic significance [8–10]. In particular, it is useful to give some hints on the key
concepts: Internet of Things and Big Data.

“Internet of Things” (IoT) is a neologism referring to the extension of the Internet
to the world of objects and concrete places, equipped with a more or less permanent
connection to the Internet as well as sensors and other devices capable of monitoring
and recording people’s actions and habits. The connection of these objects (IoT
devices) to the Internet allows the exchange, storage, sharing, processing of huge
flows of information and data [11]. The term “Big Data” refers to the set of data with
dimensions that go beyond the capacity of commonly used software tools. Digital
technologies have multiplied the available data at an exponential rate, generated by
sensors, social media, transactions, smartphones and other sources. Big Data can
represent a real asset for companies, whose potential can only be expressed through
their intelligent use [12].

The digital transformation is proceeding at an increasing pace but in a diversified
manner in the individual countries [13]. As far as the European Union (EU) is
concerned, a picture of the situation of this phenomenon can be taken from the
Digital Economy and Society Index (DESI). The DESI is a composite index that
summarizes relevant indicators on Europe’s digital performance and tracks the
progress of EU Member States in digital competitiveness. The five dimensions of
the DESI are: connectivity; human capital; use of internet; integration of digital
technology; and digital public services. Italy still has a large gap to catch up, in fact,
it is in 24th place in the ranking of the 28 EU Member States. On the other side, the
first places are kept by Finland, Sweden, Holland, Denmark.

In general, in Italy it seems that companies are slow to understand the potential of
the network: 40% of entrepreneurs declare that it is not useful to their activity. Many
entrepreneurs are still not aware of the potential offered by the network for the
promotion of products, for business turnover thanks to e-commerce, and interaction
with customers with social media [14]. The data for the recent few years show a slow
improvement for Italy, but the distance from the European average is still evident, an
alarming situation especially if we consider the growing importance of the digital
economy, especially in the short-term future [15].

The Chapter aims to provide a first contribution to the perception that Italian
agricultural operators have about the opportunities and limits derived from the
adoption of smart agri-food. The first results, obtained from a multicriteria analysis
approach (MCA), will be presented to define possible future scenarios deriving from
the implementation of digital transformation.
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2 Materials and Methods

2.1 Digital Transformation in the Italian Agri-Food System

The agri-food sector has undergone a series of revolutions that have driven effi-
ciency, yield and profitability to previously unattainable levels. Market forecasts for
the next decade suggest a ‘digital agricultural revolution’ will be the newest shift
which could help ensure agriculture to meet the needs of the global population into
the future. Digitalization will change every part of the agri-food chain. Management
of resources throughout the system can become highly optimized, individualized,
intelligent and anticipatory. It will function in real time in a hyper-connected way,
driven by data. Value chains will become traceable and coordinated at the most
detailed level whilst different fields, crops, and animals can be accurately managed
to their own optimal prescriptions. Digital agriculture will create systems that are
highly productive, anticipatory and adaptable to changes such as those caused by
climate change. This, in turn, could lead to greater food security, profitability and
sustainability [16].

In the context of the Sustainable Development Goals, digital agriculture has the
potential to deliver economic benefits through increased agricultural productivity,
cost efficiency and market opportunities, social and cultural benefits through
increased communication and inclusivity, and environmental benefits through opti-
mized resource use as well as adaptation to climate change [17].

The potential benefits of digitalizing the agri-food sector are convincing but it will
require major transformations of farming systems, rural economies, communities
and natural resource management. This will be a challenge and requires a systematic
and holistic approach to achieve the full potential benefits [18]. The conditions for
the digital technologies and therefore for digital transformation of the agri-food
chain are the infrastructure for connectivity and the institutional support.

The introduction of digital technologies in rural areas can be a challenge for
development of the rural populations. There is a lack of infrastructure, including
basic information technologies infrastructure, particularly in very remote rural
communities. The cost associated with information technologies infrastructure pre-
sents a major challenge in rural areas where rates of poverty are often higher than
urban areas, especially in least-developed countries.

Digital technologies are rapidly transforming our economies and societies. Their
adoption is driving down information and transaction costs, improving efficiency,
creating new jobs, generating new income streams, and saving resources. At the
same time, they can be disruptive, modifying or displacing activities and products
[19]. Digital technologies can help agriculture meet the global challenges it faces.
These include increasing the production of sufficient, safe and nutritious food for a
growing population to ensure food security; generating jobs, improving incomes,
reducing poverty and promoting rural economic growth; and sustainably managing
natural resources [20, 21].
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Some digital technologies accelerate the evolution of agricultural and food value
chains. Other technologies significantly affect the contribution of labor, capital and
other inputs to the production, processing and marketing of food. Thus, the adoption
of digital technologies can result in changes in relative prices, disrupting markets.
Sensors, satellites, robots, and drones are examples of digital technologies that can
revolutionize farming and value chains. Sensors and satellites provide information
on soil conditions, weather and temperature, or crop growth. They enable farmers to
achieve better yields by optimizing farm management, reducing the use of fertilizers,
pesticides and water, and also contributing to better and more sustainable outcomes.
The Internet of Things that connects robots, drones, and vehicles to the internet can
make labor intensive tasks, such as monitoring plant health or sowing crops, more
cost effective. These technologies also generate large amounts of data that can be
combined with other information, stored and analyzed to support decision making
[22, 23]. Such Big Data can contain high variety of information assets which can be
processed by new methods of analysis, such as artificial intelligence, to assess
possible outcomes based on a range of actions and conditions to help guide future
interventions. Thus, agriculture can become a knowledge intensive activity.

Farmers assess the weather, soil nutrient and moisture levels, plant and livestock
appearance, the presence of parasites, market prices, and many more variables before
they make decisions on farm practices and production. Technological improvements
have greatly facilitated these decision-making processes [24]. Though the access to
technology and the rate of adoption differ greatly across the world and also within
countries, technology can be present at every stage of farming, marketing and
processing.

In the followings, a number of definitions on entities around digital agriculture are
listed:

• Information and Communications Technology (ICT) refers to the integration of
telecommunications, computers and the necessary systems that enable users to
access, store, share and use information.

• Digital technology is an all-encompassing term to refer to computerized tools that
generate, store, and use data for a variety of purposes.

• Digital platforms are virtual hubs for trading goods and services (e-commerce).
• Internet of Things (IoT) is a term coined to refer to the collection of internet

enabled devices that capture information from the real world. The information
collected is processed with the help of a software application (app).

• Distributed ledger technology (DLT), is in essence, a decentralized, consensus-
based record keeping system.

• Precision agriculture (PA) is a whole farm management approach having as a
prerequisite the implementation of information technology, satellite positioning
(GNSS) data, remote sensing and proximal data gathering.

• Artificial intelligence (AI) refers to software systems that can make decisions
which normally require a human level or superior of expertise, often using real-
time data.
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• Big Data is an umbrella term referring to the large amounts of digital data
continually generated by the global population as a byproduct of everyday
interactions with digital products or services.

Digital transformation in the agri-food sector plays a crucial role in our society
and to counteract the critical factors of globalization and the growing environmental
impact [6, 25]. In Italy, the market growth potential of “Agriculture 4.0” and
“Farming 4.0” solutions is very high, but the adoption of technologies such as robots
and precision farming sensors is still at low levels [26–28]. In this context, “Agri-
culture 4.0” solutions are integrated with “Farming 4.0” solutions, according to an
approach based on the integration of various ICT/geo-space technologies [29]. That
is, reliable remote monitoring is possible through space-time and spectral measure-
ments, able to monitor the phenomena at the level of individual sites from various
altimetric positions.

Similarly, the Blockchain technology applied to the agri-food supply chain makes
it possible to guarantee a transparent, safe and shared environment for the traceabil-
ity of the components and processing processes of agri-food products offered to the
consumer [30–33]. For example, the Italian Food chain makes it possible to securely
collect, record, analyze, validate and certify data, information and documentation at
every stage of the supply chain, through the open functionalities of blockchain,
through the use of the “smart contract” concept [35, 52].

In summary, systems and technologies such as GIS/geo-spatial infrastructures,
fixed and mobile broadband networks, Internet of Things, Artificial Intelligence,
Blockchain, Augmented and Virtual Reality, etc. are available. These make it
possible the provision of digital services through intelligent platforms for “green
& sustainable development” applications (Precision Farming/Farming 4.0, food
chain tracking, e-health, etc.) [36], using case by case the most appropriate combi-
nations of these technologies. With the availability of advanced skills and technol-
ogies available “as a service” in the Cloud, and the support of researchers and experts
in the various “verticals”, it is possible to implement initiatives (market-driven) for
the provision of “digitized” value-added services in the field of “green” development
[37]. It will be necessary to guarantee users the transparency of the process, i.e., the
mix of advanced technologies used to generate the value of the chain (Fig. 1).

The Digital Transformation Impact on agriculture is [39]:

• Big Data: contribute in the decision-making process to increase efficiency in crop
planning, intelligent irrigation systems development, pest control, weather alerts
implementation.

• Biotechnology Genetic: modelling to increase the production while decreasing
the volatility of the yield and the usage of pesticides; laboratory-grown meat.

• Synthetic biology: crops with higher nutritious values with less resources, and
resistant to more variable climates.

• Internet of Things (IoT): IoT to collect and publish information on the production
processes and the farm.

• Automation and Robotization: increased productivity by reducing the need for
human workforce.
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• Artificial Intelligence (AI): contribute in agricultural robotics, soil and crop
monitoring, and predictive analytics.

• Global Navigation Satellite System (GNSS): improve crop yield and reduce
environmental impact through the application of for example farm machinery
guidance, automatic steering, variable rate applications, yield and soil condition
accurate geo-referenced monitoring.

• Drones: field and crop analysis and monitoring, variable rate applications,
e.g. crop spraying and irrigation.

• Blockchain: enhance transparency, accountability and efficiency in agricultural
insurance, land registration, and agricultural supply chains.

• Augmented Reality: optimization of the farming process.

There is an enormous potential for growth and market development in the agri-
food sector (Fig. 2). In fact, only 2% of the Italian agricultural area uses robots and
precision farming sensors, which are not uniformly distributed in the various regions
of the country [40, 41]. Digital agriculture (ICT-assisted) varies between minus 1%
and 4–5%, compared to 40–70% in China, Israel, and the USA. The most frequent
solutions are systems that can be used transversally in several agricultural sectors,
followed by those aimed at the cereal, fruit and vegetable and wine sectors. The
focus on the Internet of farming is growing, albeit very slowly [27].

Digital entrepreneurship involves the transformation of existing businesses
through novel digital technologies and the creation of new innovative enterprises
characterized by: the use of digital technologies to improve business operations, the
invention of digital business models and engaging with customers and stakeholders
through digital channels [42].

Globally, there is an increasing number of initiatives to foster digital entrepre-
neurial activity related to the creation, development of ‘digital start-up’, including
the agriculture and food sector [43]. Modern day farmers may be particularly suited
to entrepreneurial activities. These days, farmers often design business plans, scout
for funding, make use of farming enterprise ‘incubators’, and attend scientific
conferences [16]. Youth farmers in particular are also more likely to take risks in
their farm management.

An application of digital transformation is predictive analysis, which uses histor-
ical data to predict future events. Usually, historical data is used to build a mathe-
matical model able to detect the most important trends. This predictive model is then
applied to current data to predict future events or suggest measures to be taken to
achieve optimal results [44]. Predictive analysis is often referred to as big data

Fig. 1 The elements of digital transformation. Source: FAO [38]
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analysis. Engineering data, for example, is derived from sensors, instruments and
connected systems around the world. Data from a company’s business systems may
include transaction data, sales results, customer complaints, and marketing informa-
tion. Companies are increasingly making data-based decisions from this valuable
source of information.

As competition increases, companies are looking for scope to introduce products
and services into saturated markets. Data-based predictive models can help compa-
nies solve long-term problems in new ways. Predictive analysis is a process of using
data analysis to make data-based predictions. This process uses data along with
analysis, statistics and machine learning techniques to create a model for predicting
future events [12, 45].

To exploit the value of big data, companies apply algorithms to large data sets
using tools such as Hadoop and Spark. Data sources can consist of transactional
databases, equipment log files, images, video, audio, sensors or other types of data.
Innovation often comes from combining data from different sources. The term
“predictive analysis” describes the application of a machine learning technique to
create a quantitative forecast of the future. Often, supervised machine learning
techniques are used to predict a future value [39]. Predictive analysis starts with a
business objective: to use data to reduce waste, save time or cut costs. The process
uses heterogeneous, often large data sets in models that can generate clear, imme-
diately usable results in order to more easily achieve that goal, such as reducing
material waste and inventory, and to obtain a finished product that meets
specifications.

Predictive modelling uses mathematical and numerical methods to predict an
event or result. A mathematical approach uses a model based on equations that
describes the phenomenon under consideration. The model is used to predict a result
in a given future state or time instant as a function of input changes. The model’s
parameters help to explain how the model’s inputs affect the result. The numerical
predictive modelling approach differs from the mathematical approach in that it uses

Fig. 2 Open data for agriculture and nutrition [38]
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models that are not easy to explain in equation form and often require simulation
techniques to create a prediction. This approach is often referred to as “black box”
predictive modelling because the model structure does not provide a description of
the factors that associate the model input with the result. Examples include the use of
neural networks to predict the corporate origin of a glass of wine, rather than the use
of models based on decision trees with bagging to predict a debtor’s credit rating.

Predictive modeling is often performed using curve and surface fitting, regression
of historical series or machine learning approaches. Regardless of the approach used,
the process of creating a predictive model is the same as other methods. The
steps are:

1. Clean the data by removing outliers and treating missing data.
2. Identify a parametric or non-parametric predictive modelling approach to use
3. Pre-process the data in a form appropriate to the chosen modeling algorithm
4. Specify a subset of the data to be used to train the model
5. Training, or estimating, model parameters from the training data set
6. Carry out model performance or fitting tests to verify the suitability of the model
7. Validating the accuracy of predictive modeling on data not used to calibrate

the model

2.2 Methodology

The present study analyzes the digital transformation to identify new approaches and
opportunities in the agri-food sector that can be used to develop guidelines, to
enhance production, consumer protection, and to analyze the value chain. The
proposed approach is based on integrating participatory planning and the novel
approach to imprecise assessment and decision environments as a possible method-
ological structure to acquire and evaluate the “complex” information collected on
possible alternative scenarios in relation to digital transformation [46, 47].

The aim is to develop a methodological structure using suitable tools to acquire
firstly, and process secondly, qualitative and quantitative information concerning the
possible alternative scenarios of the problem under study. The opinions were
collected through specific focus groups with local stakeholders, operators, con-
sumers, and producers interested in the issue in question.

The proposed model is based on:

• Τhe individualization of stakeholders involved (ten questionnaires);
• Τhe definition of the alternative scenarios (definition of the three hypotheses of

scenario: Farm, Chain and Consumers).

The model used focus groups as a social research methodology, aiming to acquire
information on the opinions of stakeholders regarding a variety of scenarios for
future development [47]. The matrices of impact and equity constitute the basis for
the use of the discrete multicriteria evaluation NAIADE model (Novel Approach to
Imprecise Assessment and Decision Environment) [48], which is able to manage
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qualitative and quantitative data in order to evaluate the measures of intervention
(Fig. 3). This instrument supports the classification of the alternative scenarios
proposed on the basis of determined decisional criteria and considerations of possi-
ble “alliances” and “conflicts” between the groups of stakeholders for the proposed
scenarios, thus measuring their acceptability [49].

The objective of this study is to analyze the principal priorities, using as its
methodology the model of digital transformation in the agri-food sector. The eval-
uation through the focus groups was divided into three phases, referring in this
specific case to the potential repercussions. The questionnaire used for the interviews
was designed to explore the perception of traceability issues in the citrus-supply-
chain context and to evaluate the real needs of actors in the supply chain. It
comprised ten questions aiming to collect information and opinions useful for the
research related to three hypotheses proposed (Farm, Chain and Consumers):

• Scenario Farm: application of digital transformation for the valorization of the
agricultural productions on the basis of the quality of the product.

• Scenario Chain: application of digital transformation in order to gain control
information and prices along the chain.

• Scenario Consumer: application of the digital transformation is aimed at
protecting the health of the consumer.

The input of the NAIADE method is constituted by the impact matrix (criteria/
alternative matrix), including scores that can take the following forms: crisp

Fig. 3 The theoretic structure of the NAIADE model. Source: Munda [48]
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numbers; stochastic elements; fuzzy elements; and linguistic elements (such as “very
poor”, “poor”, “good”, “very good”, and “excellent”). To compare alternative
scenarios, the concept of distance is introduced. In the presence of crisp numbers,
the distance between two alternative scenarios with respect to a given evaluation
criterion is calculated by subtracting the respective crisp numbers.

The classification of alternative scenarios is based on data from the impact matrix,
used for:

• comparison of each single pair of alternatives for all the evaluation criteria
considered;

• calculation of a credibility index for each of the aforementioned comparisons that
measures the credibility of one preference relation, e.g. alternative scenario (a) is
better/worse, etc. than alternative scenario (b) (preference relationships were
used);

• aggregation of the credibility indices produced during the previous stage leading
to a preference intensity index [* (a, b)] of an alternative (a) with respect to
another (b) for all the evaluation criteria, associated the concept of entropy [H *
(a, b)] as an indication of the variation in the credibility indices; and classification
of alternative scenarios on the basis of previous information.

The final classification of the alternatives is the result (intersection) of two
different classifications: the classification “+” (a) (based on the “best” and “decid-
edly better” preference relationships); and the classification “�” (b) (based on the
“worst” and “decidedly worse” preference relationships). In relation to the objective
of the present study, the analysis will be applied to the main priorities, for the
assessment of the scenario that benefits most from digital transformation implemen-
tation in the agri-food sector.

3 Results and Discussion

The results of the present study provide a further multidisciplinary contribution to
research on the management of digital transformation. Specifically, the analysis was
conducted to address the research question:

What are the opportunities that Digital transformation for the agri-food sector?
The evaluation criteria that were used is technology, communication, data,

internet of things, automation and networking. These criteria were defined on the
basis of the purpose and objectives of the evaluation of the analyzed case, which can
be considered representative of agri-food sector. The scenario Chain was revealed to
be the best option for sharing, closely followed by scenario Farm and scenario
Consumer, but all three hypotheses had positive evaluations (Table 1).

This provided the views of interested parties on the three suggested hypotheses.
The selection of interested parties was based on their potential to assess the major
advantages for agri-food sector. A total of six groups of stakeholders were involved:
producers; trade associations; dealers; consumer associations; institutions and
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scientific associations. It is important to underline that the opinions of the interested
parties in the NAIADE model can only be of a qualitative type, i.e. linguistic
expressions: bad; poor; medium; good; very good; and excellent. The results show
that a large number of stakeholders and groups of selected operators agreed with the
assessment of the three hypotheses. The results of the multi-criteria analysis revealed
that the scenario Chain was the predominant hypothesis, closely followed by
scenario Chain, while scenario Consumer acquired only a lower rating (Table 2).

The results obtained through the analysis of the single answers were used to
examine possible alliances or conflicts between the opinions of the interested parties
regarding the decision on which hypothesis to adopt. The results in Table 3 show that
a large number of interested parties, in addition to agreeing on the classification of
the different hypotheses to be applied, agreed with scenario Chain, while noting that
there were also significant consequences for the Farm and Consumer scenarios.

The results include different perspectives of digital transformation, the different
groups involved the perception and acceptability of the proposed alternatives, which
can lead to improving strategic decisions and creating innovative ideas and new
solutions to enhance and protect, based on the possibilities offered by this partici-
patory processes (Fig. 4).

The results obtained from this model, developed through the integration of a
participatory tool and a multicriteria analysis, become strategic for investment
choices in the agri-food system, particularly in relation to the current situation in
which the supply chain, the farm and the consumer try to define their role through
digital transformation.

Some specific priorities for future work are:

• Facilitate the collection of better data about digital technologies and digitalization
at the regional and population level, particularly to show differentiated informa-
tion about urban and rural areas;

• Create of sustainable business models that provides viable digital solutions for
inclusion of small-scale farmers in the digital agriculture transformation process;

• Creation of an index to consider the development of digital agriculture in the
context of cultural, educational and institutional dimensions of a given country,
both in terms of the availability of basic conditions and enablers for digitalization

Table 1 Objectives and evaluation criteria of digital transformation for agri-food sector

Evaluation criteria

Scenario
FARM
“P”

Scenario
CONSUMER
“C”

Scenario
CHAIN
“M”

Technology Excellent Good Excellent

Communication Very good Excellent Excellent

Data Good Excellent Very good

Internet of things Poor Very good Excellent

Automation Very good Good Very good

Networking Good Excellent Very good

Source: our elaborations
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and the potential economic, social and environmental impacts of the process. This
could involve further development of a Digital Agriculture Readiness Index,
expanding on previous work by the FAO Regional Office for Europe and Central
Asia in 2015. Such an index would help provide context for the development of
future digital agriculture strategies for the FAO member countries, which starts
with sensitizing countries to the concept of digital agriculture and the importance
of digital technologies for the agri-food sector and continues with steps towards
the digital agriculture transformation process.

Table 2 Classification of the scenarios at the highest consensus level

Groups and stakeholders

Scenario
FARM
“P”

Scenario
CONSUMER
“C”

Scenario
CHAIN
“M”

A1 Producers 0.7387 0.6311 0.8470

A2 Trade associations 0.6732 0.7334 0.6213

A3 Dealers 0.5764 0.6218 0.6138

A4 Consumer associations 0.5216 0.6392 0.8723

A5 Institutions 0.6283 0.5357 0.8231

A6 Scientific association 0.8329 0.7342 0.6379

Source: our elaborations

Table 3 Consensus and related prioritization of scenarios

Consent
levels

Scenario
classification

0.7525 0.7603 0.7323 0.7863

M M C M

P P M P

C C P C

Groups of “alli-
ances”
At each level of
consensus

All
groups

All groups
except A3

All groups except
A3 and A4

All groups except
A2 and A6

Source: our elaborations

Fig. 4 Classification of alternative hypotheses and multicriteria assessment. Source: our
elaborations
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4 Conclusion

The digitalization of agriculture will cause a significant shift in farming and food
production over the coming years. Potential environmental, economic and social
benefits are significant, but there are also associated challenges. Disparities in access
to digital technologies and services mean there is a risk of a digital divide. Small-
holder famers and others in rural areas are particularly at risk of being left behind, not
only in terms of e-literacy and access to digital resources but also in terms of
productivity and aspects of economic and social integration.

Simply introducing technologies is not enough to generate results. Social, eco-
nomic and policy systems will need to provide the basic conditions and enablers for
digital transformation. The “Law of Disruption” [50] states that technology changes
exponentially, but economic and social systems change progressively and have
trouble keeping up. Work is especially needed to ensure the necessary conditions
for digital transformation are created in rural areas.

The Italian agri-food sector has begun to understand that digital innovation is a
strategic lever, able to guarantee greater competitiveness to the entire supply chain,
from production in the field to food distribution [51].

Digital transformation is fundamental to improve the competitiveness of the agri-
food sector not only for economic needs but also for social and environmental ones
[34]. The remuneration of all phases of the agri-food chain includes correct eco-
nomic and contractual relations between all actors: agricultural producers,
processing and distribution industry; greater cooperation and transparency, adoption
of product and process innovations. This condition is essential to allow the improve-
ment of quality, social and environmental standards, also in the logic of improving
the efficiency of production, innovation and marketing processes. The success of
agricultural enterprises increasingly depends on the ability to collect and enhance the
large amount of data that will be generated, especially to achieve cost control and
increase the quality of production. It should be noted, however, that there is still little
clarity among those involved in the sector on how to exploit these opportunities. It is
necessary to invest in the creation of skills, in a sector characterized by a level of
‘corporate’ culture and operational processes based more on the transfer of genera-
tional skills and knowledge than on innovation and optimization of production
processes.

The food economy should therefore constitute a resource capable of responding
to the most urgent and immediate needs of the planet [53], regulating the production
of this primary resource, encouraging innovative and environmentally friendly
production techniques, but above all ensuring a fair distribution of the resources
produced through the aid of digital transformation.
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Precision Agriculture’s Economic Benefits
in Greece: An Exploratory Statistical
Analysis

Athanasios Falaras and Stratos Moschidis

1 Introduction

World population is expected to be around ten billion people in 2050, while the
climate change situation does not allow to increase arable lands [1]. So, a new
challenge rises. More people must be fed, therefore there will be a demand to
increase global food production while retaining quantity of arable lands steady.
Then modern farmers have to focus on how to effectively utilize arable land they use.

The purpose of this study is finding how Greek districts are bundled on crop type
(arable drops, horticulture, permanent crops), arable land size, improved agricultural
field actions/processes (irrigation, fertilization and pesticide use, plant disease pre-
vention, harvesting, sowing, ploughing, agricultural vehicle use) and specific eco-
nomic benefits (reduced resource spending, increased labor productivity, improved
use of commodities and equipment, increased product quantity and quality,
increased income, improved environment protection). This grouping would make
it possible to have a wide view of Greece’s agriculture sector and see how improved
agricultural processes benefit farmers.

To achieve the goals that have been set, an exploratory study took place on almost
all districts of Greece. This research could be the start of a series of studies, focusing
on agricultural economics in Greece. It could also be a useful farmers’ guide. Every
farmer has specific investing restrictions on improving agricultural processes due to
limited budget. Consequently, every farmer could choose an optimized solution in
terms of the agricultural processes she/he should focus, to improve farm
sustainability.
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To improve agricultural actions, Precision Agriculture (PA) practices and related
technologies are the timeliest way providing also a sustainable solution to agricul-
tural development. PA could be defined as

“a whole-farm management approach using information technology, satellite positioning
(GNSS) data, remote sensing, and proximal data gathering. These technologies have the goal
of optimizing returns on inputs whilst potentially reducing environmental impacts” [2].

As a concept, PA emerged around 1990, when Global Positioning System (GPS)
and sensor technologies were made widely available at civil economy, while impor-
tant advances took place in soil sampling, statistics, and computing power [3, 4]. Sen-
sors started to be placed on agricultural equipment to measure specific yield and soil
properties, aiming at maximizing outputs and reducing inputs [5, 6].

Till the appearance of PA, a farm field was considered as a uniform entity. The
decisions a farmer made considering various agricultural actions, applied on the
whole field [7]. PA offers a new perspective on agricultural fields’ management.
Therefore a farm field is divided to management zones (MZ), which are areas with
similar characteristics under a specific criterion or a set of criteria [8–10]. Based on
this approach, a farmer can differentiate decisions regarding a field by optimizing
inputs on each individual MZ.

2 Literature Review

PA technologies are categorized into data acquisition, data analysis and evaluation,
and precision application technologies [11]. The literature of this chapter will focus
on precision application technologies, which are the most directly affecting agricul-
tural actions and there are references to Unmanned Aerial Vehicles (UAV) and
weather stations, which are some of the most trending equipment these times. It is
interesting to see PA’s application in practice, through the presented literature and
seek benefits that come out as a result.

One of the most important PA technologies is the variable rate application (VR).
It is based on the MZ philosophy and its application varies depending on the
agricultural process that takes place on the field. There are two VR methods. The
first one is called “map-based” and is based on (off-line) historical data. Information
are extracted from a GIS so as to control a set of farm processes to optimize inputs.
The second one is called “sensor-based”. In this method sensors are used to detect
soil properties and (on-line) adjust inputs [3]. VR is distinguished into the variable
rate nutrient application (VRNA), the variable rate irrigation (VRI), the variable rate
pesticide application (VRPA) and the variable rate planting/seeding (VRP/VRS).

Extended fertilizer use harms environment, damages soil quality and pollutes
water. Optimized fertilizer use can achieve a considerable chemicals use reduction
[6]. VRNA helps farmers optimize fertilizer application by measuring crop nutrient
status and adjusting fertilizer rate accordingly [12]. Consequently, yield quantity can
be increased, and crop quality can be improved. Therefore, economic gain is
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increased and, in parallel, agricultural activities are less hazardous for the environ-
ment [13]. A study on apples in Greece applied homogeneous and variable rate
fertilization on orchard [14]. The results showed significant nitrogen inputs reduc-
tion on VRNA case. Yield quantity was a little smaller, but the farmer’s profit
increased, and the quality of apples improved. The same comparison was conducted
by another research team in Italy during 2005–2008 [7]. The results showed that it is
possible to identify the N ideal fertilization rate so as to maximize yield production
and economic profit while affect the environment as least as possible. In summary,
VRNA’s applications of Nitrogen (N) are considered profitable by 72% of studies in
corn and 20% in wheat. Respective applications on Phosphorus (P) and Potassium
(K) are profitable by 60% of studies in corn [15].

Irrigation is one of the most critical actions on agriculture, since the invention of
agriculture. Its optimization can lead to substantial water saving [6]. VRI (Variable
Rate Irrigation) achieves micro-irrigation across the farm according to every MZ’s
requirements [13]. It increases crop yield, water efficiency, while it maintains soil
temperature and might result in less pesticide use. By testing the application on corn,
the results indicated higher yield output and improved water efficiency [16]. The
HydroSence project studied the VRI on cotton in Greece. The results showed 5–34%
savings in water consumption, while yield output increased from 18 to 31%
[13]. VRI was also tested on New Zealand on a maize farm. MZs were created
based on electrical conductivity and soil water availability. The results showed water
savings of around 26.3% [17].

VRPA can reduce the quantity of pesticide use. Reduced pesticide use improves
the final quality of agricultural products [13]. Water and ground contamination is
also reduced and the biodiversity is less affected than with conventional pesticide
use. So there are several environmental benefits [18]. In a study on maize-based
cropping systems within Europe, it was evaluated that VRPA can result in net profit
in about 3–4 years [19].

VRP/VRS is a technology also based on the MZ philosophy on which farmers
can selectively plant/seed depending to soil potential. The main benefit is increased
yield quantity [13, 20, 21].

Another important aspect of farming is vehicle use in agriculture. PA also applies
on this action. There are two matters that PA can improve on an agricultural vehicle,
namely navigation and route optimization. A possible solution for improved navi-
gation comes through the Multi Global Navigation Satellite System (GNSS) precise
point positioning (PPP) which provides high accuracy positioning, with higher
flexibility and potentially lower capital and running costs [22]. Route optimization
is possible by use of real–time extend GNSS which optimize farmers’ routes by
avoiding missed-area and overlaps in area coverage operations [23].

Vehicle use optimization technologies can be used during seeding, tillage, plant-
ing, weeding, harvesting and autonomous vehicles enabling [13]. The use of
machine guidance on corn and soybean crops on Kentucky resulted to 2.4% cost
savings in seeding, 2.2% in fertilizing, and 10.4% in planting operations [24]. It can
also reduce working hours by 6.04% and fuel consumption by 6.32% [25]. A study
in Alabama demonstrated that the average net returns could be calculated between
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83 and 612 € ha-1 [26]. Machine guidance has also a positive effect on fertilizer and
pesticide costs by reducing them 3–5% [27].

Control traffic farming (CTF) is a system which optimizes driving patterns,
operations and input applications. This system was implemented in Denmark on
cereal farms, in areas where the arable land was greater than 300 ha. Its application
resulted in fuel cost reduction by 25–27%. Application of CTF in Australia success-
fully cut machinery cost by 75%, while crop yields rose in different levels depending
on crop [13, 27].

Precision physical weeding (PPW) technology offers optimized herbicide appli-
cation and weed control according to observed weed density without damaging
crops [12]. Its function is based on a continuous ground-based image analysis system
that locates crop row on the field. It benefits the environment due to reduced
pesticide and fuel consumption, and also due to the fact that a tractor using a weeding
implement will tackle with lower draught forces in comparison with the mainstream
methods [13, 28].

UAV is defined as a device which can be remotely controlled. There have been
various UAVs classifications. A first one is based on aerodynamic features. A second
one on autonomy level. A third one is based on physical characteristics (size,
weight). Finally, a fourth one is based on power source [29].

UAV utilizes optimal sensors and uses various cameras to capture Red Green
Blue (RGB) images which are useful to extract the Normalized Vegetation Index
(NDVI) [4, 30]. NDVI values can provide useful data regarding crop disease, water
stress, pest infestations, nutrient deficiencies, and other relevant conditions affecting
crop productivity. UAVs can be applied on harvesting, spraying and yield estima-
tion, weed detection, disease outbreaks, and insect infestations prediction [29, 31–
33]. There had been plenty UAV applications. One of them took place in a vineyard
in Spain. An UAV collected data via thermal sensors, which were used to extract
information about the vineyard water status [29]. Another application took place on
sweet potatoes, grapes asparagus and sugar crops in Peru. A UAV equipped with
optical sensors was used to calculate the NDVI [29]. The results showed that the
targeted use of pesticides results in pesticide quantity, economic expenses and
ecological impact reduction. As a result, health crop status can be successfully
estimated and plant diseases can be prevented. A similar application took place in
a pomegranate orchard in Greece. The researchers concluded that UAVs are useful
for supporting irrigation systems, accompanying maintenance systems and discrim-
inating MZs [29].

A weather station is a system which is used to collect a series of data to monitor
field weather. It can record gust speed, wind speed, leaf wetness, soil moisture,
Photosynthetically Active Radiation (PAR), soil temperature, air pressure, air tem-
perature, rain, relative humidity, dew point, solar radiation and electrical conductiv-
ity. A weather station is a prerequisite for applications such as control irrigation and
diseases forecasting [15, 34, 35].

This study was carried out within the context of innovation. Innovation is an
important aspect of economic development [36].
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“An innovation is the implementation of a new or significantly improved product (good or
service), or process, a new marketing method, or a new organizational method in business
practices, workplace organization or external relations” [37].

It can be classified as product, process, organizational and marketing innovation
[37]. PA can definitely be regarded as a way to innovate. As the presented literature
has already demonstrated, PA improves agricultural processes. Hence, PA technol-
ogies are regarded as process innovations.

“A process innovation is the implementation of a new or significantly improved production
or delivery method. This includes significant changes in techniques, equipment and/or
software” [37].

3 Research Methodology

3.1 Data Collection

Aiming to investigate the range of innovation diffusion on agriculture in Greece and
see the differentiation of Greek districts, a research was conducted among farmers in
Greece. So as to successfully represent the agricultural population, Greece was
divided to districts, according to the Association of Greek Regions (EN.P.E) [38]
and there were certain answer goals on each district according to the farmers’
population which is online published by Hellenic Statistical Authority [39]. A
questionnaire was chosen as the data collection method and the percentage sampling
was selected as the sampling method. The research was conducted specifically on
Greece mainland and Crete district.

The questionnaire was created as a Google form. It included 16 questions, where
each question represents a variable. The initial thought regarding the questions was
to include directly PA technologies as variables. However, Greek farmers are
generally low educated and not informed about PA [40]. Thus, on a second thought
it was decided that PA technologies would be indirectly implied by variables which
express actions, e.g. actions that a farmer performs on farm soil, so as to make the
questions’ content simpler.

Most questions were divided in two categories. The first one refers to actions that
take place on a field (irrigation, fertilization and pesticide use, plant disease preven-
tion, harvesting, sowing, ploughing, agricultural vehicle use) and the second one
refers to the economic benefits that a farmer could have by improving farm actions,
reduced resource spending, increased labor productivity, improved use of commod-
ities and equipment, increased product quantity and quality, increased income,
improved environment protection. Every question category followed a specific
formulation based on the Community Innovation Survey (CIS) questionnaire,
which is used by Eurostat about innovation at industry and services sectors every
3 years (European Commission, 2018). The question formulations are presented
below:
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• Did you introduce new or improved processes of “variable_name” during the last
3 years?

• Did you have “variable_name” during the last economic year in comparison with
3 years ago?

The possible answers for these question formulations were “yes” or “no”.
There were also three other questions. The first one regarded the Greek district in

which each respondent resided. The possible answers were the districts of Eastern
Macedonia and Thrace, Central Macedonia, Western Macedonia, Epirus, Thessaly,
Western Greece, Central Greece, Peloponnese and Crete. The second one concerned
the crop category. Based on HELSTAT’s categorization there are three main crop
categories [41]:

• Arable crops (wheat, legumes, industry plants, aromatic plants, fodder plants,
melons, potatoes)

• Horticulture
• Permanent crops (vineyards, orchards, citrus, fruit trees, dry fruits, olive groves)

The third one referred to the number of hectares each farmer cultivates. This
question had four possible answers. The first category included farmers cultivating
up to 8 hectares, the second one from 8 to 20 hectares, the third one from 20 to
40 hectares and the last one regarded arable land above 40 hectares. There are studies
that do not regard professional farmers, those who utilize less than 8 hectares
[42]. But it is regarded interesting to search if this farmers’ category differentiates
among other farmers.

All questions on the Google form questionnaire were chosen as closed, to make
them as simple and less time-consuming as possible and mandatory so as to avoid
missing values. Missing values is a serious issue for nominal data, hence it had to be
avoided. An exception was made for the crop type question, in contingency that a
farmer might cultivate multiple crop types. On the questionnaire beginning, a brief
description of the survey purpose was mentioned and contact details where included
in case of further clarifications needed. It was also stated that answers were
completely anonymous. Before the process innovation questions a brief description
of innovation and process innovation definition was quoted.

The answer collection strategy was the indirect connection with farmers via
people, who have regular communication and trust them. Such people are agricul-
tural consultants, agricultural cooperatives, agronomy shop owners, and accoun-
tants. These middlemen could carry forward an email in which the research
description, contact details and the questionnaire link on Google forms were
included. On special occasions a printed form of the questionnaire was used and,
in a few cases, farmers called back asking to answer the questionnaire as a phone call
interview. The research started on July 2019 and ended on December of the
same year.

Like every research has its difficulties and setbacks, so this research does. The
main problem acquiring answers was that in Greece there is not an official database
to include farmers’ names and contact details. Also Greek farmers were considered
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e-illiterate due to their low education level [40]. As a first step there was an effort to
directly connect with farmers having no results. A first try to deliver the question-
naire in printed form proved to not be a good option, as most of subjects left
unanswered questions, which lead to missing values. A printed questionnaire form
would not also be an option in terms of printing and transfer cost. In the cases where
questionnaires were sent back in printed form, 50% of them had missing values on
nominal variables, leading to their rejection from the final results. Furthermore, the
direct connection with farmers, showed that they are distrustful and hesitant people.
In 90% of phone calls, they refused to answer the questionnaire. So even if a
database existed it might not be useful. Finally, Attica district is mostly an urban
area and Greek islands focus their economy on fishery. Even though they do have a
small agricultural population, they don’t focus their regional economy on agricul-
ture. Consequently, Attica, Ionian Islands, North Aegean and South Aegean districts
were excluded from the research. By this way the research could be more focused
and less time-consuming. Another issue of this study is the fact that PA is indirectly
implied at the questionnaire. As a result, it is not certain, if an agricultural process is
improved due to PA. Maybe other innovative practices were applied, but it is
regarded that nowadays most innovative activities concern PA.

In order to answer our exploratory question, automatic clustering was used and
specifically the agglomerative hierarchical clustering (HAC), or else called ascend-
ing hierarchical classification (CAH). On this method a criterion based on their
distance is used, to join objects in pairs. The clustering algorithm is completed, when
all the original objects are merged into one.

3.2 Data Analysis Process

A data differentiation could be between categorical and continuous data. There
are statistical methods, which are most suitable for continuous data and others that
are suitable for categorical data. But there are datasets in which both data types are
included. In terms of clustering a mixed typed dataset is an important field of
research interest. This matter is tackled by applying a strategy of using a combination
of sequential dimension reduction and clustering [43–45].

CAH is a clustering method based on the criterion of inertia [46–49]. The
criterion of inertia is also called the generalized criterion of Ward [50] and is
particularly prevalent in applications of humanities and society [51].

The result of the Ascending Hierarchical Classification is a dendrogram, i.e. a
diagram in the form of a tree, inclined or inverted, depending on the program used,
on which the successive compounds of the elements are depicted. The closer to the
top of the tree chart, the more general the teams are, and the closer to the base of the
tree chart, the more specialized the teams are.

Let Io be the total inertia of n objects (points) with respect to their center of gravity
g. We consider a grouping of n objects into s groups G1, G2, . . ., Gs,. Each Gi group
has a gi center of mass with mass mithe sum of the masses of its objects. The inertia
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of the groups’ center of gravity with respect to the center of gravity g is called the
“order inertia” and is denoted by IΔ.

IΔ ¼
Xs

i¼1
mi d2 gi, gð Þ

Since the center of gravity of the center of gravity is g, the order inertia measures
the deviation of the groups’ centers from g. The greater the extraclass inertia, the
more distinct the groups are.

In each Gi group, the inner inertia is calculated, i.e. the inertia of its points with
respect to the center of gravity gi. Inner inertia measures the deviation of its points
from its center of gravity, so the lower the inner inertia, the more compact the group
is. The sum of the inner inertia of groups is called intraclass inertia (IΕ). Small
intraclass inertia indicates compact groups. The Huygens theorem states that in each
grouping the sum of extraclass and intraclass inertia remains constant. What is
changing is the rate of extraclass and intraclass inertia. That is:

Ioλ ¼ IΔ þ IΕ

It is worth noting that a group consisting of a single point has an inner inertia of
zero as its center of gravity coincides with that point. Therefore, considering the
initial state of the n objects as a trivial grouping of n groups with an element, there
comes the realization, that the total inertia Io is only intraclass inertia. Also consid-
ering the n objects as a group (final state), then its center of gravity coincides with
g and therefore the extraclass inertia is equal to zero. In this case the total inertia Io is
only intraclass inertia [52].

When switching from a group s to the next s � 1 group grouping, two groups
merge into one, while the s � 2 groups remain unchanged. What does not change
from one grouping to another is the rates of intraclass and extraclass inertia, as their
sum is constant.

Specifically, when switching from s groups to s � 1 groups, intraclass inertia
increases and consequently the extraclass inertia decreases. That is, by limiting the
number of groups, the groups become less compact and less distinct.

According to Ward’s generalized criterion [49], “when switching from
s-grouping to s� 1 grouping, we unite those groups so that the increase of intraclass
inertia becomes minimal”. It is proved that the increase of intraclass inertia while
uniting groups Gi, Gj with mass mi, mj and centers gi, gj is:

δ ¼ mimj
miþ mj

d2 gi, gð Þ

where d2(gi, gj) is the distance of group centers Gi, Gj [53].
While the method proceeds, so as to record the most statistically significant

variables, a statistical test was used based on which one is tested for group c and
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one answer is j, if the percentage of answer j is significantly higher in group c than
the percentage of answer j in the whole sample (A) [54].

The process is evolving as in case of classical case studies. The null hypothesis H0

states that the percentage of the answer j in group c is equal to the percentage of the
answer j in the whole sample. The alternative H0 is that the percentage of the answer
j is greater in group c than the percentage of the answer j in the whole sample.

The statistical test used follows the standard normal distribution and at each value
of this test corresponds a probability of p. The corresponding probability p is the
probability of incorrectly rejecting the null hypothesis of the equality of the percent-
ages of the answer in the group and the whole sample. The higher the percentage of
response j in group c, the lower the corresponding probability and the higher the
control value. The higher the control value, the higher the probability to reject the H0

hypothesis.
It is noted that because a one-sided test is used following the normal distribution,

the answers are statistically significant at a significance level of p¼ 5 % , if the value
of the test is greater than 1.65. Consequently, for the interpretation of the groups,
those answers with a probability below 5% or a control value greater than 1.65 can
be implemented [55].

4 Results

In total, 1032 answers were collected. After the data collection process, the next step
was to confirm that the collected answers successfully represent the population. As
far as the geographical distribution of farmers concerned, the Table 1 demonstrates
the results and the nationwide distribution of farmers in Greece by region. By
comparing the columns named “Total Holdings (% of total population)” and “Ques-
tionnaire’s answers per region (% of total answers)”, the collected sample success-
fully represent the agricultural population of Greece.

On the arable lands use, based on ELSTAT’s data 6976 hectares are used for
arable crops, 256 hectares are used for horticulture and 4391 thousand hectares are
used for permanent crops [41]. So, a percentage calculation can take place as it is
demonstrated on Fig. 1.

As the question regarding this variable was multiple choice, from this variable
three new dichotomous variables come up with the possible answers of “yes” or
“no”. The next pie chart (Fig. 2) shows off the distribution of agricultural land
among farmers.

The results demonstrate that there is small diversification in terms of agricultural
land size. The results are reasonable regarding the fact that extensive agricultural
plains in Greece exist only in Thessaly and in Eastern Macedonia. The Fig. 3
demonstrates the positive answers on process innovations.

The most dominant innovation concerns fertilizer use, and the least observable
innovation concerns ploughing. As permanent crops do not need ploughing and this
crop type represents 54% of the answers, this is an expectable result. The Fig. 4
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Table 1 Sample—population comparison

Region
(DIS)

Coded
name

Total
holdings

Total holdings
(% of total
population)

Questionnaire’s
answers per
region

Questionnaire’s
answers per region (%
of total answers)

Eastern
Macedonia
and Thrace

DIS1 51,628 9 87 8

Central
Macedonia

DIS2 96,482 17 163 16

Western
Macedonia

DIS3 23,089 4 46 4

Epirus DIS4 29,462 5 49 5

Thessaly DIS5 60,323 10 126 12

Central
Greece

DIS6 65,859 11 110 11

Western
Greece

DIS7 80,502 14 133 13

Peloponnese DIS8 88,410 15 158 15

Crete DIS9 87,040 15 160 16

Summary 582,795 100 1032 100

ARC; 32%

HOR; 14%

PEC; 54%

Arable crops

Horticulture

Permanent crops

Fig. 1 Crop type answers
(% of total answers)

ARL1; 289; 
28%

ARL2; 294; 
28%

ARL3; 18%

ARL4; 26% Till 8
From 8 till 20
From 20 till 40
Greater than 40

Fig. 2 Arable land answers
in hectares (% of total
answers)
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presents the percentage of farmers who have been benefited for each possible
economic benefit.

The “decreased production cost” and the “workload” variables had one-sided
answers as most farmers answered “no”. So these characteristics would not be useful
as variables and they were excluded from the data analysis. Most farmers regard, that
they have improved their products’ quality, while their workload remains at least
the same.

FER; 65;

PES; 52;

PDP; 40;
IRR; 45;

HAR; 38;

SOW; 30;

PLO; 29;

AVU; 40

Improved fertilizer use Improved pesticide use

Improved plant disease prevention Improved irrigation

Improved crop harvesting Improved sowing

Improved ploughing Improved agricultural vehicle use

Fig. 3 Positive answers on process innovations (% of total answers)

IRS; 39

ILP; 52

COM; 51

EQU; 53
QNT; 57

QLT; 66

*; 28

INC; 37

ECO; 48
*; 22

Improved resource spending Improved labor productivity

Improved commodities use Improved equipment use

Improved quantity of products Improved quality of products

Decreased production cost Increased income

More eco-friendly farm unit Workload

Fig. 4 Positive answers on economic benefits (% of total answers)
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The first statistical analysis’ table shows the nodes of the Ascending Hierarchical
Classification. It contains the created nodes together with some parameters, which
are further analyzed (Table 2).

Therefore, as can be seen, a sharp increase of the intraclass inertia results in the
level of the number 15 node, resulting in the creation of a classification with 3 groups.
Next, we receive the result of CAH through the dendrogram that is presented
schematically (Fig. 5).

According to the above diagram we have in the formation of three groups. The
first group consists of node 15, including the districts of Eastern Macedonia and
Thrace, Central Macedonia, Western Macedonia and Thessaly. The second group
consists of node 14, including the districts of Epirus, Peloponnese and Crete. The
third group consists of node 12, in which are included the districts of Western Greece
and Central Greece.

Thus, all the characteristic answers for each group resulting from CAH emerge.
These characteristic answers are recorded in Table 3. At next, the statistically
significant variables are presented for each group in a decreasing order.

As regarding to the dichotomous variables encoding, the number “1” next to the
encoded name means “yes” to the concerning question and the number “0” means
“no” to the concerning question.

When a variable exists in more than one group then it is included in the group that
is most important (e.g. HOR1 will be included in group 12 and not in group 14). In
this way, groups are maintained with distinct (different) characteristics compared to
the rest ones. According to the Table 3, the most important variables of group
12 (and in addition in order of importance) are HOR1, ILP1, INC1, HAR1, PLO1,
AVU1, and QLT1. Respectively, the most important variables of group 14 are

Table 2 Nodes of CAH Na Αb Βc Wd δe

10 1 3 0.12609 0.00066

11 4 9 0.20723 0.00087

12 6 7 0.23362 0.00122

13 2 5 0.28347 0.00216

14 11 8 0.35679 0.00272

15 10 13 0.40956 0.00405

16 14 12 0.59041 0.00646

17 15 16 1 0.0277
aIndicate the new nodes that are created immediately after the
initial nodes—objects. Their numerical name refers to the order
in which they were created
bThe nodes in which this node is included (or in which it breaks)
are displayed
cThe nodes in which this node is included (or in which it breaks)
are displayed
dThis is the percentage of the node weight, i.e. the number of
people that the node includes in percentage
eRecords the increase in intraclass inertia in the creation of the new
node (or the decrease in the order inactivity respectively)
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Fig. 5 Dendrogram of CAH

Table 3 Description of the most statistically significant variables of groups 12, 14, 15 in terms of
significance p ¼ 5%

Coded name 12 Coded name 14 Coded name 15

HOR1 5.3 ARC0 12.4 ARC1 13.9

ILP1 2.7 ARL1 9.5 ARL4 10.4

INC1 2.4 PEC1 7.7 PEC0 9.4

PES0 2.3 SOW0 4.3 SOW1 4.6

HAR1 2.2 ARL2 4.08 FER0 3.3

PLO1 2.2 FER1 3.5 WAT0 3.3

AVU1 2.1 IRR1 3.0 ARL3 2.6

IRR1 1.7 HOR1 2.7 AVU0 2.5

QLT1 1.7 AVU0 2.2 HAR0 2.5

ARC0 HAR1 2.1 HOR0 2.4

ARC1 ARC1 PDP1 2.1

Coded name 12 Coded name 14 Coded name 15

HOR0 HOR0 ILP0 2.0

PEC0 PEC0 QLT0 2.0
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ARC0, ARL1, PEC1, SOW0, ARL2, FER1, and IRR1. The most important vari-
ables of group 15 are ARC1, ARL4, PEC0, SOW1, FER0, IRR0, ARL3, HAR0,
HOR0, PDP1, ILP0, and QLT0.

5 Discussion

There are quite interesting findings regarding the results. With respect to the crop
type most of the respondents cultivate permanent crops. This result can be explained
by the fact that 44% of the sample operate in Western Greece, Peloponnese and
Crete. These regions’ climate favor permanent crops, so this fact justifies the results.

In terms of arable land, there are no recent data about arable land distribution. In
addition, big agricultural plains exist only in Eastern Thessaly and Eastern Macedo-
nia. This fact means that most farmers have not the possibility to own vast agricul-
tural land. There is also the fact that many farmers’ land is scattered through an area.
In each case the results demonstrated that there are small differences between each
category on this variable.

The majority of farmers are innovative in fertilizer and pesticide use. Harvesting,
sowing and ploughing are processes that take place on arable crops. As arable crops
represent 32% of the total sample, this justifies that the innovation percentage on
these processes is low. Furthermore, an agricultural vehicle is most useful for a
minimum size of arable land. Hence, in relative comparison the 40% of innovative
farmers is a good innovation percentage. The rest process innovation percentages
indicate that farmers in Greece keep improving their work, either the innovation
refers to an improved existing method, or the implementation of a new one.

On economic benefits the quantity of produced agricultural products is regarded
as improved by 66% of the sample. Indeed, Greece’s climate favors agriculture. In
addition, as Greece has not such vast agricultural land like United States of America,
Ukraine or Australia, Greece cannot produce the amount of agricultural products like
these countries. As a result, a focus on improved quality of products is suggested as
the most suitable strategy for farmers in Greece. In general farmers have answered
that they had half of the suggested economic benefits during the last 3 years.
Nevertheless only 37% of the sample has increased their income. This fact may be
a matter of further research. An interesting finding is the fact that almost half of
farmers are ecologically aware, as 48% of them declared that their agricultural
activities are more eco-friendly than 3 years ago. Finally, production cost and
workload are two matters that most farmers are not benefited. The percentage of
positive answers was so low, that these characteristics had low quality as variables,
so they were excluded from the data analysis.

The cluster analysis was conducted on a Burt table in which the nine regions of
Greece were the table’s row and the rest of the variables as the columns. The analysis
highlighted three distinct clusters. The differences between these clusters included
differences on climate, crop type, size of arable land, but also differences on
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innovation and economic benefits. The differences on innovation and economic
benefits differenced not only on kind but also in numbers.

6 Conclusions

This research aimed to seek agricultural innovation across Greece, along with the
resulting economic benefits. In particular, the ultimate goal was to cluster Greek
regions on crop type, size of arable land, process innovations, and economic
benefits. To fulfill this purpose an e-questionnaire was created, directed to farmers
on mainland Greece and Crete. Based on data provided by Hellenic Statistical
Authority, there were specific region answer goals, in order to represent the agricul-
tural population of Greece. Because it was not possible to directly communicate with
farmers, people who are professionally linked with farmers were asked to forward
the questionnaire. At the end of the research 1032 answers were collected and
ascending hierarchical classification was applied to process the data.

The first important extracted information is that the clusters are composed of
districts which each one is next to each other. This fact indicates climate similarities.
By this way, a map of agricultural innovation is created, and the Greek territory is
divided in three groups.

The first group consists of farmers in Eastern Macedonia and Thrace, Central
Macedonia, Western Macedonia and Thessaly. This group is primarily characterized
by arable crops, arable land greater than 40 hectares and not permanent crops. The
category “arable land greater than 40” is a legit outcome in this group due to the fact
that in Eastern Macedonia and Thessaly, the largest agricultural plains in Greece
exist. This group is also characterized by no horticulture crops, improved sowing,
improved plant disease prevention, but, on the other hand, not improved fertilizer
use, irrigation, harvesting and not improved labor productivity and quality of final
products. Although the second series of characteristics is less important than the first
ones, it could be concluded that despite the fact that innovations, such as VRP/VRS
and UAV, are implied, there are no positive economic outcomes, despite the
advantage of having the largest arable land in Greece.

The second group consists of farmers in Epirus, Peloponnese, and Crete. This
group is heavily characterized by no arable crops, arable lands below 20 hectares and
permanent crops. A few less intense characteristics include improved fertilizer use
and irrigation, but not improved sowing. Permanent crops and small arable land
prevail in this group. Few innovations (e.g. VRNA, and VRI) have been
implemented during the last 3 years, however, with no positive economic benefits.

The third group is consisted of farmers inWestern and Central Greece. This group
is strongly labeled by horticulture. A series of less important variables that define this
group are improved harvesting, ploughing, and agricultural machinery use. Thus,
improved labor productivity, increased income and quality of final products are also
variables that are included in this group. In terms of PA, MG, and UAV
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implementation, this group is the only one that has economic benefits in comparison
to the others.

In the Community Innovation Survey questionnaire, a business is regarded as
innovative if it uses at least one innovation during the last 3 years. Based on this
definition, Greek agriculture is innovative, but there are still no economic outcomes.
In the previous clustering although every group included innovations on agricultural
processes, only the last one included also economic benefits. The main difference
between groups is the crop type and the number of innovative processes. The first
two groups are characterized by arable and permanent crops accordingly and two
innovation types on each one of them. The prevailing crops in the last group are
horticulture crops and three innovation types take place. Therefore, farmers in
Western and Central Greece are the most benefited.

In conclusion, horticulture crops are regarded more productive than the others and
it is indicated that a minimum number of innovations is required for economic
benefits to come up. Horticulture requires less arable land than other crop types
and plants in greenhouses are safe from sudden weather effects which is the most
serious farmers’ concern. Moreover, it is interesting to note that arable land used in
agriculture consists only of the 2% of total utilized arable land use in Greece
[41]. Further research could study farmers’ profiling, searching for characteristics
that define innovative behavior like demographics or entrepreneurial mindset. Hor-
ticulture crops might also attract academic community’s interest.
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Part III
Diffusion of Agriculture Digital

Transformation



AI-Based Chatbot System Integration
to a Social Media Platform for Controlling
IoT Devices in Smart Agriculture Facilities

Eleni Symeonaki, Konstantinos Arvanitis, Panagiotis Papageorgas,
and Dimitrios Piromalis

1 Introduction

Sustainability is considered nowadays as one of the most imperative targets to be
achieved globally in order to cope with the imminent climate change related
challenges. This target leads to the stronger involvement of innovative technologies
in agricultural facilities in the context of Smart Agriculture [1], enabling accordingly
the active participation of the stakeholders so as to improve productivity by maxi-
mizing the efficiency inputs and minimizing their environmental impacts.

The technology of the Internet of Things (IoT), which is continuously evolving
and maturing, is considered to be a valuable asset in the development of Smart
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Agriculture through the extensive use of intelligent remote-controlled production
equipment such as Wireless Sensor Networks (WSNs) and mobile embedded sys-
tems [2]. The IoT concept, as it results by the research in literature, could be best
defined as “a world-wide network of interconnected objects uniquely addressable,
based on standard communication protocols” [3, 4]. By simple means, it can be said
that the IoT enables anything to be connected anytime, at anyplace, with anything
and anyone, ideally using any networks and any services [5, 6]. Along these lines,
the IoT technology benefits field equipment with sensory and computational support
for inter-communicating and interacting via a highly distributed public network such
as the Internet [7–9].

The most novel solutions regarding IoT agricultural applications tend to adopt
ubiquitous interconnectivity methods along with cost-effective cloud services
granted by smart mobile devices [10]. In this context, several applications specially
designed to run on smartphones, tablets and other mobile devices have been intro-
duced up to present with the purpose to establish interaction methods among the
agricultural IoT objects (physical and artificial) accessing and transacting informa-
tion via a highly distributed public network such as the Internet. Mobile applications
specially addressing to the IoT for Smart Agriculture have been lately presented
[11], offering the opportunity to increase yields through modernized production
methods with respect to the environment, contributing in this way to the global
sustainable growth.

However, the adoption and usage of such innovative technology practices in
agriculture facilities is still rather limited and fragmentary since, as several studies
indicate, only a rather small proportion of agricultural stakeholders takes advantage
of the opportunities offered by the consolidation of the IoT with smart mobile
devices. This seems to be due to the fact that resistance to change remains an
obstacle in agriculture and familiarity to the Information and Communication Tech-
nologies (ICT) features continues to be a challenge in rural areas.

Since social networking has been recorded as the second largest traffic volume
contributor worldwide, with an average share of over 15% of total mobile data
traffic, the integration of agricultural mobile applications to social media messaging
platforms could be the key for overcoming the barriers of the IoT technologies
penetration in agriculture facilities [12].

This work attempts to introduce a user-friendly, efficient and secure framework
for controlling IoT agricultural devices in natural language dialogues, through the
deployment of an Intelligent Conversational Agent (chatbot) based on Artificial
Intelligence (AI) and its integration to an instant messaging application of a popular
social media platform (as communication user interface), for providing end-users
with context-aware services related to the monitoring, as well as the control of an
agriculture facility in question–answer sessions conducted in natural language. For
this purpose, the messenger application of ‘Facebook’1 has been chosen since, in
comparison to other social media platforms, it encompasses the highest penetration

1Available at https://www.facebook.com
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to mobile users, as shown in Fig. 1. What is more, it offers several features among
which, open official Application Programming Interfaces (APIs) for chatbot devel-
opment, WebView objects for increased control over the user interface and advanced
configuration options, unimpeded file sharing (text, audio, image, video, etc.) as well
as analytics and feedback. Last but not least, the ‘Facebook Messenger’2 application
employs Natural Language Processing (NLP) and Machine Learning
(ML) algorithms which allow the understanding and extraction of information
(entities) out of instant messaging dialogues carried out as natural language
conversations.

Although Facebook comes up with ‘Wit.ai’ as its own chatbot development
platform, in order to grant flexible further integration of the chatbot to other popular
messenger applications which provide official APIs for this purpose (i.e. Twitter,
Viber, Slack, Line, Telegram, etc.), the ‘Dialogflow’3 platform offered by Google
was selected for its development. ‘Dialogflow’ (formerly known as Api.ai) is an
open-source platform which enables the deployment of chatbots through several
features similarly to ‘Wit.ai’. In particular ‘Dialogflow’ integrates NLP and incor-
porates ML offering the end-user various ways of interaction which may engage text
and voice based conversational interfaces powered byΑI. Furthermore ‘Dialogflow’
offers recognition of more than 15 languages while it involves an in-line code editor
allowing the performance of various tasks straight from the console. On top of its
usage is totally free of charge and it provides developers with excellent
documentation.

On this ground, the conceptual framework focusing on the features of intelligent
conversational agents and the benefits of employing chatbot systems as interfaces for
IoT agricultural applications are reviewed in brief. Thereafter the architecture, the

Fig. 1 Mobile social media stats worldwide from December 2018 to December 2019

2Available at https://www.messenger.com
3Available at https://dialogflow.cloud.google.com
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operating features as well as an overview of a chatbot system capable of controlling a
group of IoT devices through the interaction via instant messaging in a popular
social media platform is described. Finally, the conclusions deriving from this
attempt are presented and some reference on the ongoing research work is made.

2 Conceptual Framework Overview

Spoken dialogue technology refers to the turn-by-turn interaction between humans
and intelligent systems in terms of natural language communication ranging from
only a small set of words (such as the digits 0–9 and the words yes/no) to large
vocabulary dialogues [13]. Although spoken dialogue technology was not widely
deployed until quite recently, the concept of imitating real human-to-human inter-
action between end-users and devices was first presented by Alan Turing in 1950,
when he developed a test, which is widely known as the “Turing Test”, in order to
evaluate if and to which extent a “machine” is capable of exhibiting human-like
intelligent behavior [14]. The Turing Test is so pioneering that it is still used up to
present as it consists a reliable evaluation test for the performance of “machines” to
behave human-likely in the terms of Artificial Intelligence (AI).

One of the earliest successful attempts to imitate human talk conversation by
machines, based on the criteria of the Turing Test, is dated back in the 1960s, when
“ELIZA” was developed as a natural language processing computer program capa-
ble of processing end-user inputs and engage into conversation according to a
predefined script [15]. Some decades later, a project called ALICE (Artificial
Linguistic Internet Computer Entity), also referred to as “Alicebot”, has begun to
be developed based on the “ELIZA” findings, relying on recursive programming
techniques and using an XML schema named Artificial Intelligence Markup Lan-
guage (AIML) in order to specify heuristic conversation rules which relied on [16].
More recent approaches in the deployment of this technology were “Watson”, a
project which was developed by IBM researchers through employing DeepQA as “a
software architecture for deep content analysis and evidence-based reasoning” [17],
as well as a neural conversational model employing a sequence-to-sequence
(seq2seq) framework for modelling conversations developed by Google researchers
[18]. At present, due to the progress in language processing and dialogue modelling,
there is a broad variety of systems that deploy spoken dialogue technology methods
ranging from simple question-answering models which can answer a single question
at a time, to sophisticated dialogue systems, which allow extended conversational
interaction between end-users and devices [19].

Conversational User Interfaces (CUI) are software dialogue systems which facil-
itate any average user to interact with any device, anywhere and at any time, without
the need of special skills or training, by involving a variety of written or oral natural
communication forms in order to simulate actual conversations in the end-users’
native languages rather than in specific command-line syntax [20]. Advanced CUIs
support the situated language understanding of any probably ambiguous, insufficient

196 E. Symeonaki et al.



or partial multimodal inputs and the deriving of completely correlated outputs,
through the implementation of Artificial Intelligence (AI) techniques, using Natural
Language Processing (NLP) and Natural Language Understanding (NLU) programs
[21]. CUIs differentiate, depending on the degree in which the system or the end-user
are able to control the communication, into:

• Menu-based, on which the system maintains the absolute control of the entire
interaction by following a predefined dialogue flow in order to generate specified
prompts, accept or reject specified user responses (words or phrases) and guide
actions based upon a variety of alternative paths relating to the accepted
responses. This kind of applications has been effectively incorporated on a
wide scale since they result to a high rate of successful interactions due to the
limited options offered to the end-users [22, 23].

• Template-based, which permit some kind of adjustable communication control as
the dialogue flow is not predefined but relies on a template according to the user’s
input content and the output that the system is going to generate. In this case,
end-users are allowed to respond in a more flexible way to the prompts as well as
to correct any errors of recognition and understanding through a kind of natural
language input [24].

• Agent-based, which enable bilateral communication control since both the system
and the end-users are regarded as agents and are allowed to verify their actions as
well as time the actions of each other. The dialogue flow is dynamically
progressing as a sequence of associated steps while there are mechanisms for
the prediction of context as well as for the detection and correction of errors.
End-users are also able to control the dialogue at any time, introduce new topics
or for what is more, add contributions which are not constrained by the preceding
prompts [25, 26].

A major reason for the recent impetus of CUIs in the form of conversational
agents [27] is the recently growing need for extensive access to web services and
online information through intelligent, effective, dynamic, flexible, multimodal and
user friendly means of Human-Machine Interaction (HMI). This can be achieved
through the integration of machine learning techniques [20, 28] and NLU functions
in various services, such as localized search, dialogue management, remote control,
and the Internet of Things.

Chatbots (also known as Chatterbots or simply as bots) are the most prominent
conversational agents of current conversational user interfaces. The term “Chatbot”
refers to an interactive software dialogue system, which enables real-time commu-
nication with the end-users by simulating and reproducing turn-by-turn intelligent
conversations in natural language via textual (textbots) or even auditory methods
(voicebots). While various chatbot architectures have been introduced for specific
use cases, these do not conclude to a standardized architectural framework. A
suggestion for a general architectural framework architecture for chatbot systems
was proposed by Braun et al. in 2017 as shown in Fig. 2. According to this
architecture a chatbox system consists of three main modules [19]: Request Inter-
pretation, Response Retrieval and Message Generation. In the context of Request
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Interpretation, a “request” is not necessarily a question, but can also be any user
input, while equally a “response” to this input could be any output statement. The
Message Generation follows the classical Natural Language Generation (NLG)
pipeline [29].

Chatbot systems constitute a technological trend which strongly coordinates with
the current IoT concept providing a highly effective and user-friendly interface
solution [30]. From this prospect, there are some significant advantages in
employing chatbots as an IoT interface rather than conventional applications for
different platforms and versions. Some of the reasons why chatbots are such an
appropriate interface solution in the field of IoT are as follows:

• Interaction in natural language as they are capable of creating triggered rules for
IoT smart devices so as to activate any action requested by the end-user. Natural
language processing algorithms using artificial intelligence features are respon-
sible for unpacking the intent and pass any required instructions to the IoT
gateway for processing. Moreover, the chatbot system is empowered through
artificial intelligence learning techniques.

Fig. 2 General architectural framework for a chatbot system
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• De-parameterized environment of interaction as chatbots do not require the
systematic input of all parameters in order to complete a request.

• End-users are not obliged to learn the operation of different IoT applications as
they can query IoT networks of devices simply by using their native language,
without having to know any interface sequence or command structure. Addition-
ally, end-users do not have to separately download applications as these may be
centrally and directly accessible through existing chat clients.

• Refining of end-user requests for subsequent interactions and control reducing in
this way the problems of information abstraction which present in conventional
interface solutions.

• No demand for constant application updates neither for any maintenance of older
versions at the back-end of different operating systems versions or mobile
platforms.

• End-users of IoT applications are offered a natural, pleasant and simple interac-
tion environment, which operates on any messenger service platform whether this
is mobile, in-app or via web chat.

3 Methodology

3.1 Chatbot System Architecture and Features

The architecture of the proposed chatbot system is presented in Fig. 3. According to
the flow of this architecture any query (Input) entered into the Messenger App by the
end-user is forwarded to the ‘Dialogflow’ agent, which is a natural language
understanding module, created for understanding the expressions of human language
and handling the types of conversations required for the proposed system. The agent
processes and transforms the end-user’s voice or text to structured data that are
comprehendible by the IoT applications. In the case for example a query is “What is
the soil temperature?”, phrases such as “is” and “the” are going to be removed by the
agent by employing a preprocessing technique. Subsequently, the system retrieves
the required keywords from the query and incorporating a keyword matching
algorithm, it matches them with those deposited in the knowledge base (Intent). At
last, the system generates the appropriate output which is returned through the
Messenger App as a response to the end-user.

As deriving by the aforementioned basic flow of conversation, the chatbot
involves the aspects of: (a) the input given by the end-user, (b) the given input
parsed by the agent and (c) the response returned to the end-user by the agent. In this
context, the chatbot incorporates five main features that is Intents, Entities, Contexts,
Events and Fulfillment, as described forth below.
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Intents

In order to define the flow of the conversation, intents that map the end-user input to
responses are created in the agent, whereas in each one of these intents, examples of
user expressions triggering the intent, actions extracted from each expression as well
as the ways of response, are properly defined.

For allowing the mapping of the end-user’s input to responses, Intents involve the
following:

(a) Intent Name, for identifying the matched intent.
(b) Training Phrases, for matching a particular intent each time an end-user expres-

sion is similar to one of these phrases. The matching of expressions to intents is
performed based on the significant values, words or idioms specified within the
phrases. Figure 4 presents an example of how ‘Dialogflow’ performs a success-
ful matching of a user’s expression to an intent.

(c) Parameters, which are structured data, defining the relevant information
extracted from the expressions as specific values, in order to be adequately
employed as input in the performance of logic operations or generate responses.
For instance, parameters may include, names, dates, time or location while each

Fig. 3 Chatbot system architecture
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parameter has a characteristic dictating specifically the mode of data extraction,
referred to as “entity type”.

(d) Actions provided to the system in order to trigger certain operations in the IoT
applications according to the matched intents.

(e) Responses which are returned to the end-users as text, speech, or visual context,
providing them either with answers to their queries, requests for additional
information, or termination of the conversation.

Entities

All significant data deriving from an end-user’s query have a corresponding entity.
While intents permit the comprehension of the motivation lying beneath specific
end-users queries, entities are employed to select particular aspects of information
(i.e. agricultural product names, measured units, etc.). Apart from the entities defined
for the purposes of the proposed chatbot in order to match custom agricultural data,
as shown in Fig. 5, predefined system entities are also provided to match several
common data types. For instance, the system provides entities for matching time,
date, location, and so on. Entity details, discussed in more specific terms are as
following:

(a) Entity Type, which specifically defines the mode of data extraction from
end-users queries.

(b) Entity Entry, which provides a set of words or phrases that are considered to be
equivalent. For each entity type, there may exist several entity entries.

(c) Entity Reference Value and Synonyms, which are provided in the cases when
entity entries come up with multiple words or phrases that are considered to be
equivalent.

Fig. 4 Indicative
conversational flow when a
successful matching is
performed
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Contexts

Contexts are used for controlling the flow of a conversation as they correspond to
natural language context in order to handle disputable end-user utterances expressed
by the end-users (i.e. it is orange) and match an intent in the most accurate way. In
particular, contexts for an intent are configured by setting input and output contexts
identified by string names. Each time an intent is matched, all corresponding output
contexts, which are configured for that intent, become active. An indicative case of
using context for controlling the flow of a conversation in the proposed chatbot is
depicted in Fig. 6. According to this case the end-user requests information about a
specific wireless sensor node deployed in the agriculture facility and the expression
is matched to the “MonitoringControl” intent for checking the output context in
order to become active. Following, the agent addresses a question to the end-user
requesting a specification about the type of information needed, concerning this
sensor node. When the end-user responds with “moisture”, this expression is
matched to the “CheckingMoisture” intent. As this intent has a checking input
context, which is required to be active so as to be matched, a similar
“CheckingHumidity” intent may also incur for matching the same end-user expres-
sion when the “humidity” context is active. Finally, after the system performs all
necessary actions, the agent responds to the end-user with a message containing the
moisture values measured by the specific wireless sensor node.

Events

Events are used for invoking intents based on probable occurrences, instead of actual
queries expressed by the end-users. ‘Dialogflow’ supports events from a great
number of various platforms, among which Facebook Messenger, based on the
actions that end-users take on the platform. Additionally, custom events are created
in order to denote ways of communication that cannot be skillfully captured by text
or voice. Custom events can indicate for instance that a button has been clicked or

Fig. 5 Indicative custom and predefined entities in order to match agricultural data
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authorization has been granted by an end-user as well as that a predefined amount of
time has elapsed. Finally, it has to be noted that events provide the ability of
responding to the end-users actions into the agent and in fulfillment, as well.

Fulfillment

Fulfillment for an intent is a feature enabled each time this intent requires a dynamic
response or some action to be undertaken by the system. In particular, when an intent
with the feature of fulfillment being enabled is matched, a request containing
information about the matched intent is sent to the webhook service and all required
actions are performed, responding with information for how the agent should
proceed. Each intent has a setting to enable the feature of fulfillment while the
corresponding processing flow is shown in Fig. 7. According to this processing flow
the end-user addresses a query to the agent expressed in text or voice. In the
following step the end-user expression is matched to an intent and the corresponding
parameters are extracted. Subsequently, a webhook request message is sent to the
webhook service containing all required information about the matched intent, the
parameters, the action as well as the response specified for the intent. Then the
service performs all necessary actions (i.e. database queries, external API calls, etc.)
and replies with a webhook response message containing the response to be sent to
the end-user. Finally the end-user receives the response as a text or voice message in
the application. In case an intent is matched without the feature of fulfillment being
enabled then the predefined static response for this intent is incorporated.

Fig. 6 Indicative case of using context for controlling the flow of a conversation
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3.2 Chatbot System Integration

After the agent of the AI-based chatbot system has been developed and properly
trained, all data are integrated to the Facebook Messenger application for
establishing a user-friendly interface. As ‘Dialogflow’ permits integrating agents
from the Api.ai natural language processing service with a web application, the
‘Node.js’4 platform has been incorporated, for providing the development of the
chatbot with a server-side JavaScript runtime environment so as to create a simple
webserver with two webhook (also known as HTTP push API or web callback)
endpoints, the first for the initial Facebook verification and the second for being
responsible for any other messages from the Facebook Messenger.

The ‘Node.js’ cross-platform is open-source and executes JavaScript code outside
of a browser, offering an extended library of various JavaScript modules which
simplify the process of web development. ‘Node.js’ is suitable for developing fast
and lightweight web applications while it is also highly scalable because it is capable
of handling a great number of simultaneous connections with high outputs. Since,
Node.js applications are composed in JavaScript, the V8 engine has been incorpo-
rated for this purpose. V8, which is developed by Google, provides a high-
performance open source JavaScript and WebAssembly engine, written in the C++
programming language. It runs on Windows 7 edition or later, macOS 10.12+, and
Linux systems while in can compile to �86, ARM or MIPS instruction set archi-
tectures in both their 32-bit and 64-bit editions. V8 can run as standalone, or can be
embedded into any C++ application and it has been ported to PowerPC and IBM
s390 for usage in servers [31].

Finally, in order to integrate this solution into the cloud and ensure its constant
execution over the internet, the cloud computing platform services from Microsoft
Azure platform [https://azure.microsoft.com] were used for the deployment of the
chatbot.

Fig. 7 Processing flow with the feature of fulfillment enabled

4Available at https://nodejs.org
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4 Implementation and Results

Based on the previously-described methodology, an AI-based chatbot system was
developed and integrated to the Facebook Messenger application for monitoring as
well as for controlling aWireless Sensors and Actuators Network (WSΑN) deployed
in an agriculture facility. For the materialization of the project, data acquired by a
WSΑN [32] deployed in an agriculture facility were used. The experiment was
performed during June 2018 in the ‘Kopaida’ farm (120 km north of Athens) which
is managed by the Agricultural University of Athens. Τhe farm covers an area of
1020 hectares, divided into 11 sections of arable land, where various crops (cereal,
maize, cotton, alfalfa, etc.) are being cultivated. Moreover, it is equipped with
agricultural machinery, an underground irrigation system, and a modern weather
station.

The implementation process involved 300 sample sets of data (considering a
sampling rate of 15 min) acquired in a maize parcel where environmental and soil
wireless sensors were deployed. These raw data were transmitted via a gateway,
using the LoRaWAN communication protocol, to a context-aware middleware cloud
component where they were centrally processed and managed. The contextual
information deriving from the middleware cloud is then made available to the
end-users through the developed AI-based chatbot, which is integrated to the
messenger application of Facebook, for providing them with context-aware services
related to the monitoring as well as the control of the agriculture facility in question–
answer sessions conducted in natural language.

The fundamental functions developed for the chatbot system, concerning its
adaption to different forms of dialogue which achieve the same intents, are intro-
duced below. It has to be noticed that although the dialogues presented in this section
are in English, the chatbot system can be easily adapted to several natural languages
as it is supported by appropriate NLP and ML algorithms.

In Fig. 8 some indicative results of the conversations and operations performed in
the chatbot system are presented, concerning the following Intents:

• Intent 1: Greeting; a greeting interaction is important in the conversation in
order to make the system’s usage more accessible and friendly.

• Intent 2: Menu; the options menu is offered in order to provide the end-user with
a more direct interaction interface with the chatbot and increase its usability.

• Intent 3: Help; a help session was developed in the conversation in order to
encounter any difficulties of end-users to understand the chatbot functionalities or
in case any operation details have to be confirmed. In this context, the chatbot is
capable of detecting the users’ probable problems or doubts and offer them the
help required.

• Intent 4: Monitoring and Control; this intent concerns the establishment of
interaction with the defined entities (IoT devices of the agriculture facility)
offering monitoring information about the cultivation and control actions of the
equipment.
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With the objective to study the functionality of the AI-based chatbot system and
validate its performance, a sufficient number of requests (referring to queries for
actions and corresponding replies) has been sent and some metrics were provided
regarding the number of the requests sent to the chatbot in total, as well as the number
of successful and failed ones. It has to be noted that as successful are considered the
requests that were recognized and were responded properly by the chatbot, while as
failed are considered the requests that the chatbot was unable to reply or not needed to
be further clarified. The results of these metrics are shown in Fig. 9.

Moreover, the Server Response Time, representing the time spent from the arrival
of a request into the agent until the dissemination of the processed contextual
information to the messaging applications has been evaluated, since it is a significant
parameter concerning the system’s performance. As derives from the metrics pro-
vided in Fig. 10, the system performed well based on the time of its response.

5 Conclusions and Further Research

The issue of establishing interaction methods among users, applications and systems
involved in the agricultural sector through interfaces which are simple and
user-friendly, is considered to be essential for achieving the maximum possible
penetration of IoT technologies in this field for the benefit of Smart Agriculture
development. The integration of an AI-based chatbot system, as an intelligent
conversational agent, to the instant messaging application of a popular social

Fig. 8 Indicative results of conversations and operations in the chatbot system
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media platform is believed to assist the development of smart agriculture in a great
extent, through achieving the maximum possible penetration of the IoT technologies
in this sector. Given the observed aspects in this research, it was possible to achieve
this objective, presenting a promising solution which provides an efficient, effective
and user-friendly mean of interaction between the end-users and the IoT devices
deployed in agriculture facilities, based on the messenger application of Facebook
and the cognitive services of the ‘Dialoglow’ platform and ‘Node.js’ technology.
The chatbot system was evaluated based on certain parameters and it performed
well. As future work, the AI-chatbot system is planned to be also integrated to other
popular social media platforms and further tests will be performed in order to obtain
results regarding its performance and ascertain its efficient operation.

Fig. 9 Metrics results for requests performance evaluation

Fig. 10 Metrics results for server response time evaluation
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IT in Education: Developing an Online
Course

Fedro S. Zazueta, Patrizia Busato, and Remigio Berruto

1 Introduction

Information technology has enabled new models that create effective learning
environments and permit the successful application of learning theory principles
and innovative educational technology. In addition, due to external drivers such as
pandemics, institutions are faced with difficulties in ensuring continuity of education
[1] which has resulted in a renewed interest in online education. This is often
implemented with little preparation and lacking the understanding that online edu-
cation requires a different pedagogical approach to conventional modes of teaching.

For decades, online learning has been broadly recognized as strategically impor-
tant to address global needs of education. As early as 1998 UNESCO articulated a
vision and framework for priority action for change and development in higher
education [2]. As information technology (IT) made access to information ubiqui-
tous, its importance to support and enable strategic actions at national levels became
evident. The US National Technology Plan [3] presented a model for learning
powered by technology based on the premise that advances in learning sciences
and understanding how people learn coupled with rapidly evolving developments in
technology create new challenges and opportunities for higher education. The
European Commission [4] articulated the importance of the innovation and mod-
ernization as fundamental to transform Europe into a competitive and inclusive
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economy. In a similar manner, other countries such as Italy [5] and [6] incorporated
IT into their education strategy as well as programs enabled by IT to improve
outcomes of research and education institutions.

Although some institutions have embraced online education for their resident and
distance programs, many institutions across the globe have been reluctant to adopt it
as a learning platform. The slow of progress towards the desired outcomes related to
adoption of online delivery is often adjudicated to budgetary constraints. However, it
is more likely that this is caused by reluctance to change by those involved in
education and failures caused by an insistence to replicate the face-to-face experi-
ence of the classroom in an online environment in lieu of appropriate pedagogical
models.

This general state of use of IT in education is also reflected in agricultural and
biological engineering programs. It is thus necessary that investments in IT in
education not only improve learning outcomes, but also reduce the cost of instruc-
tion. Experience demonstrated that this is achievable given the right investments and
adoption of IT in education. A review of 156 redesigned courses involving 195 insti-
tutions and—250,000 students showed that in 72% of the courses learning outcomes
were improved, while in 28% there were no improvements. In addition, the cost of
instruction was reduced on the average by 34% instruction [7]. Online delivery is
now commonplace in strategic plans related to teaching and learning in higher
education for top-ranked universities. This is often associated to improving learning
outcomes, reducing the cost of instruction and innovation in teaching/learning [8].

Online teaching/learning is generally accepted as a direction for higher education
institutions as an opportunity to modernize their work and create new channels that
improve creative, entrepreneurial, and critical thinking skills of students. The issues
that remain are related to finding the most effective and efficient ways to deliver this
form of instruction [9]. For higher education in agricultural and biological engineer-
ing programs, challenges remain because of scarce budgetary resources for initial
investments and the disruptive nature of the technology stemming from the cultural,
historic, and economic context.

1.1 The Learning Environment in Online Education

Online education is like other learning environments in that it requires that the
following components be effectively integrated and clearly articulated for student
success:

1. The behavior that the student will exhibit to demonstrate he/she has acquired the
knowledge, in the appropriate context.

2. The means by which the student will be assessed and evaluated.
3. A clear and logical progression of quality educational materials that ensure that

the student acquires the knowledge.
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4. A platform that allows communication and collaboration amongst students and
instructors.

5. A platform or collection of tools that allow the student to focus on the learning
experience, and allows the faculty to effectively create, maintain and manage the
course.

2 Desired Student Behavior: Learning Outcomes
and Learning Objectives

What the student should learn is conveyed as learning outcomes and learning
objectives.

Learning outcomes articulate what the students will learn in a specific lesson or
on a general scale of the entire course. Learning outcomes target knowledge, skills,
or attitudes for change. Learning outcomes may be defined by someone other than
the instructor, such as resulting from professional licensing requirements, the overall
academic program, or departmental standards. An example learning outcome is: “an
ability to identify, formulate and solve complex engineering problems by applying
principles of engineering, science and mathematics” [10].

Learning objectives are more specific when compared to learning outcomes.
Learning objectives focus on a collection of precise learned behaviors, particularly
in the knowledge domain, that are designed in a progressive manner (scaffolded),
and result in the student achieving the desired learning outcome. A learning objec-
tive states what the learner will be able to do in terms of observable behavioral
change after completing an educational activity. It is important to note that the
outcome of the educational exercise a is a clear and observable terminal behavior.

The sequence of activities that is related to a specific learning objective is
designed in such a way that the student can exhibit the terminal behavior after
completing these activities. Learning objectives as well as activities should imple-
ment instructional scaffolding [11]. This consists of sequencing learning tasks into
discrete and manageable parts. As students develop their understanding, build skills,
and gain confidence, towards the student being able to work independently. Activ-
ities may be very diverse and include elements such as readings, problem sets,
essays, discussion, collaborative problem solving, and many others.

To develop clear and well scaffolded learning objectives it is important to
understand some basic concepts related to the taxonomy of learning and theory.

2.1 Blooms Taxonomy

To promote higher forms of thinking in education a taxonomy was created [12] in
three domains of educational activity:
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1. Cognitive: Mental skills (knowledge).
2. Affective: Growth in feelings or emotional areas (attitude or self).
3. Psychomotor: manual or physical skills (skills) used.

Over time, Bloom’s knowledge taxonomy was revised into its current form and is
often represented as shown in Fig. 1 [13]:

1. Remembering: Recall or retrieve previous Learned information. (The student
defines, describes, identifies, knows, labels, lists, matches, names, outlines,
recalls, recognizes, reproduces, selects, states).

2. Understanding: Comprehending the meaning, translation, interpolation, and
interpretation of instructions and problems. State a problem in one’s own
words. (The student comprehends, converts, defends, distinguishes, estimates,
explains, extends, generalizes, gives an example, infers, interprets, paraphrases,
predicts, rewrites, summarizes, translates).

3. Applying: Use a concept in a new situation or unprompted use of an abstraction.
Applies what was learned in the classroom into novel situations in the workplace.
(The student applies, changes, computes, constructs, demonstrates, discovers,
manipulates, modifies, operates, predicts, prepares, produces, relates, shows,
solves, uses).

4. Analyzing: Separates material or concepts into component parts so that its
organizational structure may be understood. Distinguishes between facts and
inferences. (The student analyses, breaks down, compares, contrasts, diagrams,
deconstructs, differentiates, discriminates, distinguishes, identifies, illustrates,
infers, outlines, relates, selects, separates).

5. Evaluating: Make judgments about the value of ideas or materials. (The student
appraises, compares, concludes, contrasts, criticizes, critiques, defends,
describes, discriminates, evaluates, explains, interprets, justifies, relates, summa-
rizes, supports).

Fig. 1 Revised bloom’s
taxonomy in the cognitive
domain
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6. Creating: Builds a structure or pattern from diverse elements. Put parts together
to form a whole, with emphasis on creating a new meaning or structure. (The
student categorizes, combines, compiles, composes, creates, devises, designs,
explains, generates, modifies, organizes, plans, rearranges, reconstructs, relates,
reorganizes, revises, rewrites, summarizes, tells, writes).

2.2 The Cognitive Dimension

Bloom’s revised Taxonomy also added the concept of a knowledge matrix to add a
cognitive dimension as shown in Fig. 2:

Where:

1. Facts: A specific and unique data or instance.
2. Concepts: A class of items, words, or ideas that are known by a common name,

includes multiple specific examples, shares common features. There are two types
of concepts: concrete and abstract. It includes knowledge of terminology and of
specific details and elements.

3. Processes: A flow of events or activities that describe how things work rather
than how to do things. There are normally two types: business processes that

Fig. 2 Example of action verbs in the cognitive and knowledge domains. Attribution: https://slcc.
instructure.com/courses/339717/pages/interactive-blooms-taxonomy
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describe workflows and technical processes that describe how things work in
equipment or nature. They may be thought of as the big picture, of how some-
thing works. It includes knowledge of classifications and categories, principles
and generalizations, theories, models, and structures.

4. Procedures: A series of step-by-step actions and decisions that result in the
achievement of a task. There are two types of actions: linear and branched. It
includes knowledge of subject-specific skills and algorithms, techniques and
methods, and the criteria for determining when to use appropriate procedures.

5. Principles: Guidelines, rules, and parameters that govern. It includes not only
what should be done, but also what should not be done. Principles allow one to
make predictions and draw implications. Given an effect, one can infer the cause
of a phenomena. Principles are the basic building blocks of causal models or
theoretical models (theories).

6. Metacognition: Includes strategic knowledge, knowledge about cognitive tasks
including appropriate contextual and conditional knowledge, self-knowledge.

Note that knowledge of a subject can vary widely within Bloom’s taxonomy. On
any subject and individual may be performing at the lowest level, in which an
individual retrieves relevant knowledge from memory to recall basic elements of
the subject (remember, factual). This is can be compared to cognition awareness and
knowledge on the same subject to create new knowledge (create, metacognitive),
which is a much more complex level of behavior in the taxonomy.

Thus, it is very important that a clear articulation of learning behaviors (objec-
tives) be made to ensure that the student can perform at the desired cognitive and
knowledge level. The traditional “the material was covered in the class” provides no
clear indication of the level of competence of the student. In addition, these objec-
tives should be aligned with the desired outcomes.

2.3 Components of a Learning Objective

The use of learning objectives in a course has many benefits and uses. At the course
design level it allows the faculty to focus on the desired learning outcomes, design
the progression of acquiring knowledge in a clearly articulated progressive way,
ensure that all desired learning takes place, provides a clear basis for the develop-
ment of didactic materials, ensures clarity of expectations and performance during
evaluation and assessment of the student and the course, and is helpful in identifying
elements of a course that need improvement.

Most important is to recognize that a learning objective is a clear, unambiguous,
statement of the expected behavior of the student. This benefits the student partic-
ularly in situations in which learning activities are conducted in isolation, as is often
the case in blended and distance education models [14, 32].
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A learning objective should include the following:

1. The behavior (or skill) the student will perform.
2. The conditions under which the student will perform.
3. The criteria used to measure student performance.

The behavior is articulated by an action verb which communicates the perfor-
mance by the learner. Action verbs describe and a behavior that can be observed and
that are measurable within the teaching time frame. Examples of verbs related to a
level in the taxonomy are shown in Fig. 2. There are numerous sources in the
literature where recommended action verbs associated to Bloom’s taxonomy can
be found.

An example of a learning objective is: “Given the geometry of an isothermal
closed-pipe hydraulic system, the student will draw a diagram showing the distribu-
tion of enthalpy, kinetic and potential energies per unit weight, including friction
losses.”

3 Learning Theory1

This material is not intended to review learning theory in depth. However, it is
important for the practitioner to have some basic understanding of it. Clarity on what
the students should learn is essential. In addition, it is equally important to understand
how students learn to create an effective learning environment that uses resources and
the time of faculty and students efficiently. The three most prominent learning theories
are known as behaviorism, cognitivism, and constructionism [33–35].

1. Behaviorism is a world-view that operates on a principle of stimulus-response. It
assumes that a learner is essentially passive and responds to external stimuli. The
learner starts as a “tabula rasa” and behavior is shaped through positive or
negative reinforcement. Learning is defined as a change of behavior in the learner.

2. Cognitivism is a paradigm where the learner is viewed as an information proces-
sor. Knowledge is seen as a schema, or symbolic mental construction. Learning is
a change in in a learner’s schemata. Cognitivism responds to behaviorism by
recognizing that people require active participation to learn and changes in
behavior are an indication of what occurs within the learner’s brain.

1For further resources the readers are referred to the following material.

• https://citt.ufl.edu/resources/
• http://web.calstatela.edu/dept/chem/chem2/Active/main.htm
• http://josotl.indiana.edu/article/view/1744
• http://www.icte.org/T01Library/T01 245.PDF
• http://www.league.org/gettingresults/web/module3/active/index.html
• https://odee.osu.edu/active-learning
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3. Constructivism postulates that learning is an active and constructive process in
which the learner is the information constructor. (An individual construct his/her
own subjective reality linked to prior knowledge). It views learning as an active
and contextualized process in which knowledge is constructed (as opposed to
acquired). This construction is based on the learner’s personal experience and
hypothesis about the environment, bringing past experiences and cultural factors
into a learning situation [31].

The takeaway from these learning theories as it relates to pedagogy in engineering
is that behaviorism helps in understanding and articulating learning expectations in
terms of conduct. Constructivism, on the other hand, helps understand how higher
levels of learning can be achieved through social interaction.

3.1 Passive and Active Learning

To develop an effective online learning environment for the student it is important to
understand the learner. Not only the knowledge that the learner is coming to the
course with, but also what learning behaviors are more effective. Behaviors during
learning are corelated to the retention of knowledge and can be broadly classified
into passive and active.

Passive learning occurs when students are engaged solely in taking in informa-
tion. Examples of this include: Reading materials, listening to a lecture, watching a
video, and looking at photos, diagrams, or PowerPoints. Passive learning is primar-
ily an individual activity in which students learn by assimilating the information
presented. The traditional college classroom is primarily passive. Active learning
occurs when the students are focused on doing, with the course content and activities
designed to increase and enhance their understanding of a topic.

Overall, students in an active learning environment display improved conceptual
learning and understanding of scientific reasoning, and greater motivation and
involvement in learning activities than students taught in a, more traditional, passive
style [14–16].

Some examples of activities that encourage active learning are:
Online discussions/debates, group projects, concept mapping, role playing, con-

tent related games, and problem solving. Active learning includes activities that
encourage the application, deeper understanding, and discovery of new knowledge.
In engineering, for example, this may take the form of providing a solution to an
engineering problem or designing a system.

Social activities are particularly suited for active learning. Where students cri-
tique, collaborate and generate a deep understanding of the knowledge acquired. In
this context, the role of the instructor is one of directing and supporting. This puts the
responsibility of learning on the shoulders of the students, with instructor as support.

218 F. S. Zazueta et al.



A well designed and scaffolded set of activities for a given learning object should
consider carefully the combination of passive and active activities that the student
must carry out.

3.2 Best Practices

The best practices can be summarized in the following principles.

• Focus on the student, make learning student-centered.
• Create an environment where students are thinking about what they are learning.
• Ask meaningful questions that focus on the deeper meaning instead of the minor

details.
• Give students opportunities to collaborate and learn from each other.
• Create meaningful activities that give students the opportunity to apply new

knowledge.
• Create multiple ways of interacting with students. Be available to guide and assist

as students work through the coursework.
• Faculty Interaction.

4 Creating a Course

4.1 Anatomy of a Course

Creating a course for online delivery requires careful design, planning and execu-
tion. A formal course is typically composed of a series of modules that are executed
every 1 or 2 weeks. The structure in Table 1 is an example and recommended for a

Table 1 Example structure of an online course

Modules (weekly or
biweekly) Content

Course introduction Contains information about the course and instructors. Course man-
agement policy. Tutorials for online learning. Help resources. Tips for
success

Module 1 Subject matter module containing learning objectives, activities the
student will conduct. Student evaluation. Feedback to the student

Module 2 “ ”

. . . . . .

Module n “ ”

Final module Learning objectives and activities that integrate the learned behaviors
towards achievement of learning outcomes

Optional: High stakes
assessment

Comprehensive evaluated activity, such as a final exam
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typical quarter or semester course. Figure 3 shows the top portion of a typical
introductory module to the course.

Note that a high stakes assessment at the end of the course is shown as optional.
The authors believe that well designed, frequent assessments that provide immediate
feedback to the student are beneficial. These ensure that the student progresses
through the materials with a good grasp of what was learned and reduces the stress
on the student resulting from high stakes assessments. It also appears to reduce
academic dishonesty. In addition, it allows the instructor to identify students at risk
early on and to take remedial action to ensure student success.

Fig. 3 Partial student view of the introduction to an online course using a course management
system
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The Introductory Module

It is important that the first module of the course focus on at least the following:

1. Learning outcomes related to the course.
2. An introduction to the faculty and instructors teaching the course.
3. Course syllabus.
4. A tutorial on how to use the online tools. This may consist of using a course

management system and an explanation of how the materials are organized and
accessed. This is an important component of the course as it allows the student to
focus on learning in later stages of the course rather than focusing on the
technology. Also, it will reduce questions from students resulting from lack of
understanding on how to use the online tools. It is recommended that students are
not allowed to continue into the subject matter unless they are proficient in using
the related online tools.

5. Office hours. Specify when the Faculty, Instructors of Teaching Assistants will be
available to help the students with help related to the academic content of the
course or related private issues that may require attention. This avoids the
expectation that these individuals are available anytime and will respond
immediately.

6. Means by which the student can request help should technical problems arise.
Most technical problems can be resolved by directing students to a Help Desk.

7. Academic honesty and other university policy.

Content Modules

The components of modules related to the subject matter of the course should
include at a minimum the following components:

1. An introduction to the subject matter in the module.
2. The learning objectives (Fig. 4).
3. For each learning objective the scaffolded activities that lead the student to learn

the material (Fig. 5).
4. For each learning objective an evaluation of the student’s ability to perform as

indicated in the learning objective. It is important that the student understand
clearly how the evaluation will take place.

It is highly recommended that the services of an instructional technologist be
recruited to select the best means by which a learning objective can be reached. This
education professional can contribute greatly to creating an engaging learning
environment that results in the desired outcomes and engages the student.
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Final Module

The final module of the course should integrate the materials learned. For this
purpose it is convenient to thin in terms of the activities the student can undertake
that will achieve this. For example, a group project or an extended essay that
demonstrates higher level knowledge and cognition.

Fig. 4 Example of the learning objectives in a 2-week module of a logistics course

Fig. 5 Example of a learning objective, scaffolded activities, and assessment for objective 2 in
Fig. 4
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Evaluation

Evaluations can take several forms, such as essays, quizzes, tests, projects, partici-
pation, and others. It is key, however, that these be focused on the behavior that is
expected from the student as articulated in the learning objective and that the
evaluation use as much as possible an objective criterion. For this purpose, it is
good practice to use rubrics that clearly outline the expectations on how the
evaluation will be done (Fig. 6). Also, well-designed evaluations should provide
feedback to the student about their performance.

Evaluating the student on each learning objective as the course progresses allows
for the student to clearly see what his/her performance is and allows the instructor to
take remedial action on a timely basis if required.

Furthermore, these micro evaluations reduce the risk for the student in not
performing well in a high-stakes evaluation, such as a midterm or final exam.

Fig. 6 Example of a rubric that shows the criteria that will be used by the instructor in the
evaluation of an on-line discussion
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5 Instructional Design in a Nutshell

Instructional design is a methodology used to produce learning environments. In
contrast to curriculum design which focuses on what the student will learn, Instruc-
tional design focuses on how the student will learn. Instructional design is systematic
and uses learning theory and best pedagogical practice to ensure the quality of
learning.

5.1 The Development Team

In applying this methodology for an engineering course, it is important for the
instructor to understand what his/her role is in the process. That formal development
of a course is done by a team of individuals with different competencies that
contribute to a successful product. There are three primary roles:

Instructor The instructor is a subject matter expert knowledgeable of the curricu-
lum, responsible for articulating the learning objectives, assessment items and
learning activities that compose the course. The role of the instructor is to define
what is to be learned and work with the instructional designer on the best way on
how this can be done. In addition, to engage in a process of continuous improvement
of the course.

Instructional designer The instructional designer is an expert in education, skilled
in educational technology, pedagogy, and project management. Responsible for
management of the project, ensuring the quality of the content and assisting the
instructor in developing high quality learning objectives, suitable assessments,
learning assets, and pedagogically sound delivery of the course. A competent and
experienced instructional designer is key to the success of a course in producing the
desired outcomes.

Support staff Depending on the specifics of the pedagogy selected and the type of
learning assets used in the course, the team may require web developers, program-
mers, graphic artists, videographers, transcribers, etc.

5.2 The ADDIE Methodology

ADDIE is a common methodology for instructional design. This methodology is
well tested and is composed of the five phases shown in Fig. 7. This methodology is
standard in instructional design. It is efficient and with the help of an instructional
designer invariable results in quality instructional materials.
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The major activities that take place during each of the phases of ADDIE are:

1. Analysis. The primary purpose is to articulate clearly what the instructional
problem is. Instructional goals and objectives are established at this level, as
well as identifying learner knowledge and skills.

2. Design. This stage focuses on developing learning objectives, assessment items,
and learning assets. It follows a logical and orderly method for identifying,
developing, and evaluating strategies to attain the course’s goals. This stage
requires great attention to detail.

3. Development. In this stage the instructional designer works with the staff to
create and assemble the learning assets that were designed in the previous phase.
Includes testing and debugging. In general, this process will move forwards
quickly if the design phase is executed carefully.

4. Implementation. During the implementation phase all functional components of
the course are assembled. Also, training for the instructor is provided. It is a good
practice to develop a manual that covers course curriculum, learning outcomes,
methods of delivery and student assessment procedures. It may also be required to
conduct training for the learners.

5. Evaluation. Performance methods are used to measure how well the objectives
were achieved. That is, the level of success the learner reaches in retaining and
demonstrating acquired skills and understanding. As a general guideline, the
evaluation focus can be on understanding of the material, long term retention,
and critical thinking skills. Also important at this stage, is to measure how well
the course materials facilitate effective learning by the student.

Fig. 7 ADDIE
methodology
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6 Active Learning: The Flipped Classroom2

Advances in technology and learning theory and practice have created new direc-
tions and opportunities for pedagogy in engineering education. A pedagogy cur-
rently receiving much attention is the flipped classroom. The flipped classroom is
unique in its combination of active, problem-based learning constructivist ideas and
direct instruction methods based on behaviorist principles [17]. This pedagogical
approach is enabled by technological advances that permit the transmission and
duplication of information at very low cost and various means, and the trend in
education to make learning student-centered.

Consensus on a flipped classroom definition is lacking [18]. A simple definition
of inverted classroom is given by Lage et al. [19]. By this definition, activities that
traditionally take place in the classroom, take place outside the classroom in a flipped
classroom, and vice versa. In this this workshop, a definition of flipped classroom
will be used that accommodates theoretical frameworks by defining the flipped
classroom not in terms of what is done in the traditional classroom, but in terms of
human interaction. Thus, a flipped classroom is one in which learning activities not
requiring human interaction take place outside the classroom (enabled by technol-
ogy) and learning activities requiring human interaction take place in the classroom
(virtual or physical). Figure 8 illustrates this definition of the flipped classroom. Note

Fig. 8 A framework for activities in the Flipped Classroom

2For further resources the readers are referred to the following material.

• https://www.educationnext.org/the-flipped-classroom/
• http://www.ncbLnlm.nih.gov/pmclartides/PMC2665262/
• http://ieeexplore.ieee.org/stamp/stampjsp?arnumber¼6481483
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that by this definition of a flipped classroom activities requiring human interaction
may occur face-to-face or virtually and in synchronous and asynchronous manners.

The focus of activities not requiring human interaction is for the student to
understand and apply basic concepts related to the subject matter of the course in
preparation for activities requiring human interaction that focus on higher levels of
learning in Bloom’s taxonomy [20].

Some activities that do not require human interaction are readings, video, closed
problem solving and quizzes. Early studies show that quality video lectures
outperform traditional lectures [21]. Also, online homework is equally effective as
paper and pencil [22, 23]. These, coupled with quizzes for self-evaluation [24]
provide a solid basis for the student to engage in activities requiring human interac-
tion focused on higher level skills such as communicate effectively; identify,
formulate and solve engineering problems; and, work in teams.

Specific activities requiring human interaction include the use of face-to-face and
online discussion boards used to post and answer questions (students and faculty
alike) and carefully crafted open-ended problems. This approach provides an oppor-
tunity to develop activities for active learning [25], cooperative learning [26], peer-
assisted-learning [27], and problem-based learning [28].

It is important to note that activities are not limited to those shown in Fig. 7. The
number and type of activities can be diverse provided they focus on efficiently
achieving a learning outcome and the learning style of the students [29].

6.1 Research Findings on the Performance of the Flipped
Classroom

There is abundant literature on use of the flipped classroom mode of instruction.
However, little work has been done in using this approach in agricultural engineer-
ing education. Research carried out by the workshop conductors focused on evalu-
ating preference and performance of students in a Flipped-Classroom mode of
instruction when compared to traditional face-to-face. Students in an Agri-food
Chain Logistics course where subjected to both forms of instruction. After comple-
tion, students were asked to fill a survey on questions related to their perception and
preference about the modality of the course. The survey used a Likert scale and the
results are shown in Fig. 9. In addition, students in both modes of instruction were
subjects of the same high-stakes assessment. Their performance is shown in Table 2.

The relevant conclusions of the study were:

• Students show a strong preference for the flipped-classroom over the face-to-face
delivery of the course.

• Students performed better in a high stakes assessment when learning the course
materials in the flipped-classroom mode of instruction.
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It is also notable, that the students learning under the flipped classroom format
performed, not only at a higher level, but also more uniformly as is shown by the
standard deviation of the grade scores.

6.2 Best Practice

• Create quality pre-recorded lectures that relay the course content effectively
(substantial pre-planning and prep work required before pilot semester).

• Reduce lectures to manageable segments (about 15 min).
• Develop classroom activities that promote Active Learning. Students should be

applying the knowledge gained from lectures and readings (i.e., case studies,
debates, discussions, group projects, problem solving, presentations, individual
assignments, educational games).

• Avoid “busy work” to simply fill the time.

Fig. 9 Comparison of answers to student preference between flipped classroom and face-to-face
instruction

Table 2 Student performance (grades) in high-stakes testsa

aHighlighted cells correspond to student’s test scores for the Flipped Classroom modality of
instruction
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• Be available during class time to assist and facilitate. Circulate, be prepared to
guide and entourage active learning in a student-centered environment. Interact
with the class.

6.3 Creating Engaging Activities

Implementation of the Flipped classroom, online or face-to-face, requires carefully
designed activities that are associated to the human interactive component. This task
is more difficult that it appears at first hand. It is essential to keep the following in
mind when designing an activity:

1. The activity must be closely associated to one or more learning objectives.
2. Student engagement is important to ensure that students remain focused and

interested in the learning tasks. Activities should be entertaining, interactive,
and meaningful for the learner.

3. The activity must be presented to the learners in such a way that they see its value
(metacognition).

Defining an activity that meets the three criteria above is a task that requires
careful thought and attention to detail. It is important to ensure that the learner is
given the opportunity to reflect about the problem (with self and with others) and to
establish an open dialogue with other students and instructors.

For this exercise follow the steps below to create an activity associated to the
learning object you previously created:

1. Make a list of significant problems that drive your discipline.
2. Identify some open-ended problems that are central to the course you are teach-

ing. Problems where the instructor has served as a consultant can be of high
interest to students.

3. Make a list of ideas that are engaging problems that will drive the students into the
content related to the learning objective.

4. Select the idea that best meets the three criteria listed above.
5. Define the type of activity that would best achieve the intended results (group

discussion, design problem, etc.).

Draft a statement of the problem as it would be presented to the students. A
context should be included so the student understands the value of resolution of the
problem.

IT in Education: Developing an Online Course 229



7 Tools for Online Education

Authoring and managing an online course requires a comprehensive set of tools. At
the time of writing this document there were at least 537 different learning manage-
ment system related software available in the market [30]. Including course
authoring software that is used develop courses or customized training and authoring
tools used to create interactive educational content for use in digital media and
electronic devices.

There are numerous reviews and comparisons of widely used learning manage-
ment systems in higher education. These tools, because of their cost and complexity
as well as the characteristics of the environment where they will be used are best
funded, implemented and maintained at the institutional level. Ease of use for
students and instructors is the most important characteristic. Also, features vs. cost
should be carefully considered when selecting an open source or commercially
available system.

8 Final Comments

Online education is a commonplace in the twenty-first Century. The new under-
standing of how people learn, and technological developments have created an
opportunity for improving educational outcomes that many major universities have
embraced. Increasing understanding, retention, recall and critical thinking has been
demonstrated when active pedagogies and on-line learning are implemented, from
blended courses to asynchronous distance education.
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Assisting DIY Agricultural Robots Towards
Their First Real-World Missions

Dimitrios Loukatos and Konstantinos G. Arvanitis

1 Introduction

Agriculture is one of the most important sectors of primary industry, characterized as
sensitive, unstable, complex, dynamic, and highly competitive. In the twenty-first
century, according to Food and Agriculture Organization (FAO), agricultural pro-
ductivity should be increased by 60% in order to ensure a safe food supply which
would adequately satisfy the nutritional needs of the constantly growing world
population [1]. This goal has to be achieved despite the fact that the required
resources are already stretched, as the amount of available agricultural land is
decreasing due to increasing urbanization, soil erosion, and high salinity levels,
while 70% of the world’s freshwater supplies are consumed for agricultural pur-
poses. In addition, it is expected that in the agricultural sector, greenhouse gas
emissions will be reduced while the extreme weather conditions that impact the
quantity and quality of the crops will be counterbalanced [1]. To successfully tackle
these issues, the sector of agriculture has to become more productive and “climate-
smart”, by successfully exploiting a variety of existing and emerging technologies
[2]. At this point, in terms of robotics, while the effectiveness of the modern, yet
conventional, agricultural machinery is difficult to be further expanded [3], the
advances in Information and Communication Technologies (ICT) allow for many
significant improvements in agri-production [4], and thus Robotics and Autonomous
Systems (RAS) technologies could positively contribute to the transformation of the
agri-food sector [5–7]; UK-RAS Network [8].
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In the context of Precision Agriculture (PA), robotic platforms equipped with a
variety of sensors and making use of low cost Internet of Things (IoT) technologies,
advanced analytics, computational intelligence tools, machine learning techniques,
advanced automatic control schemes, future telecommunications, and Cloud com-
puting technologies could provide information about soil, seeds, livestock, crops,
costs, farm equipment, and the use of water and fertilizers. Furthermore, real-time
stream processing, analysis, and reasoning are very important factors towards
automation in the agricultural field [9], resulting in robots able to adapt to drastically
varying conditions (in terms of space and time) with minimal delay. The farming
robots increase the profit of farmers as they can reduce 20% of the scouting costs for
cereals, and 12% for sugar beet weeding, and 24% for inter-row weeding [10, 11].

Robotic vehicle systems are using Global Navigation Satellite System (GNSS)
techniques for precise positioning and, in commercial systems, the GNSS receivers
are frequently combined with fixed Real-Time Kinematic (RTK) stations [12], for
providing remarkable accuracy. Furthermore, these vehicles are exploiting machine-
vision methods to improve their navigation in the environment, like hyper-spectral
imagery. The robotic platforms equipped with quite expensive devices are able to
capture both visible and Near Infrared Imagery (NIR) bands and stereovision
systems. Robots are now able to perform quite precise operations [13]. A consider-
able tradeoff is the increased cost that the commercial versions of these systems
have. This cost can be significantly reduced, if smaller autonomous robotic machines
work in swarms to accomplish the farm operations [14, 15].

In general, robots destined for agricultural use should counterbalance many
diverse factors ranging from more generic ones, like path planning [16], terrain
assessment [17], secure operation [18] and fleet management [13, 19], to more
specific ones, according to their purpose of operation. Indeed, the robotic systems
in agricultural field operations have been classified according to major field opera-
tions they are involved in [20]. In this concept, considerable efforts are made, from
many teams both commercial and scientific, to provide robots for weeding [21],
seeding [22], disease and insect detection [13, 23], crop scouting [24], spraying [25],
harvesting [26], plant management robots [27], and multi-purpose robotic systems
[28]. Further details can be found in [29], where the authors provide a state-of-the art
review of the current status in agricultural robotics, indicating the that the production
of similar robots is coming from both companies and scientific research teams
(academia). Furthermore, this research reveals that weeding, harvesting, crop scout-
ing and multipurpose robots are drawing most of the attention, due to their chal-
lenging nature and to the quick return of investment prospects.

The robotic automation in the field of agriculture would also help attract skilled
workers and graduates to the sector. Therefore, it is very important to educate future
agricultural engineers in the disciplines and technologies that are involved in modern
robotics but is not always easy for students to catch up with this fast-evolving
process. A good way to tackle such difficulties is to encourage the students to
participate in the design and implementation stages of any similar robotic vehicle,
assisted by the innovative systems that have recently made the scene and are
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becoming very popular among the student communities, without the barriers that
strictly commercial educational robotic solutions are posing [30].

There is a considerable gap, mainly in terms of size, cost, and complexity
between educational robotic platforms used in interdisciplinary approaches like the
ones described in ([31–33, 64]) and commercial agricultural robotic solutions like
the ones described in [15, 34] and their successor models. The existence of this gap
and the necessity to be bridged, become apparent by inspecting the wide acceptance
that any effort to provide products in the middle has, like the Thorvald robotic
platform [28], that started as a master thesis project and became a successful start-up
company story. In general, this gap is partially attributed to the gap in robotic skill
sets continuity experienced between high school and university level education
practices [35], situation that should be improved toward fostering students’ future
engineering careers [36, 37]. For these reasons, it is quite challenging to investigate
the extent to which university laboratory level, DIY solutions of non-negligible size,
based on simple materials and wide-spread electronic components may result in
actually products able to undertake real-world missions. Apparently, the robotic
vehicles being created should have enough robustness and accuracy, in order to be
capable of performing meaningful agricultural tasks. A very promising fact is that
the boost in the electronics industry resulted in a plethora of devices of amazing
characteristics that are offered at very affordable prices. The results of such a
bridging approach could be encouraging both for the students, who will realize
that their efforts are not far away from their forthcoming careers and for individuals
working in industry sector, that can save research efforts and manufacture more
tailored and price-friendly products.

This chapter describes the recent improvements based on previous work [36, 38]
towards creating/upgrading electric vehicles capable of performing light-duty “real-
world” agricultural operations. The whole approach is following the project-based
learning model (PBL) [39]. Priorities during their construction were both the cost-
effectiveness and the simplicity, using metal, wood, recyclable materials, gears,
motors and wide-spread electronic components (i.e., motor drivers and sensors).
Two robotic variants, of diverse nature, are presented, one for performing all-terrain
soil-specific measurements and another for spraying over the crops with fertilizer,
pesticides or herbicides. Initially, the “core” of these platforms was an arduino uno
board [40], while, later on, composite scenarios involving raspberry pi [41] or
WeMos units [42], combined with navigation components like navio2 units and
pixy2 cameras were also implemented. Efficient methods for controlling them, for
instance via smart phones, have been provided. Fundamental automatic control
functions (in terms of speed and direction stabilization) and remote operation issues
were implemented. The tests also examined simple artificial intelligence
(AI) features that are now offered in educationally comprehensive forms. The
“logic” of the robots was created using both visual and textual programming
environments. Most of the remote interaction scenarios have been carried out
through Wi-Fi [43] interfaces, while some of them involved LoRa [44] interfaces
to achieve longer controlling distance. For better efficiency and autonomy, provision
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for small solar panel units has been taken and a custom mechanism for evaluating the
energy consumption, in different configurations, has been implemented as well.

Apart from this introductory section, the rest of this chapter is organized as
follows. Section 2 aims to understand the requirements that should be met by the
robotic platforms and also provides the design guidelines to be followed. Section 3
highlights the most characteristic implementation details and also important
enhancements that have been derived from the basic robotic layout. Section 4 reports
on the lessons learned during this study and provides characteristic results, referring
to the robotic vehicles being created and tested. Finally, Sect. 5 contains concluding
remarks, exposes issues still open and presents plans for future work.

2 Requirements and Design Overview

The trials being highlighted in this research work are willing to bridge the gap in the
performance and effectiveness between educational approaches and commercial
solutions and to further lower the cost barrier. This priority becomes even more
important, as swarms of smaller and cheaper vehicles tend to outperform larger
single agricultural machines [14, 15]. According to the relevant scientific research
findings, the performance of the robot can be better assessed, if analyzed in four
categories according to the robot’s components. Indeed, robots usually consist of
four components: (a) sensing and localization (sensing), (b) path planning (plan-
ning), (c) mobility and steering (mobility), and (d) end effector manipulation
(manipulation) [5]. The effectiveness of the agricultural robots relies heavily on
those four components [5]. Efforts being made aim to improve this situation, by
using cost-effective innovative components, while keeping the whole process com-
prehensive for the quite inexperienced students of agricultural engineering.

In this regard, the initial goal being set was to design, implement, and test a DIY
(Do-It-Yourself) robotic vehicle that could host various sensors for environmental
measurements or to perform light farming activities, like seeding, spraying, or
carrying light crop cargos [38], in a realistic manner. The manufacturing of this
robotic vehicle had to be simple, durable, and cost-effective. Furthermore, it should
have a moderate size and torque, at least 1-h autonomy and the speed of a walking
man. Furthermore, the robot should not be too heavy or too greedy, in terms of
energy consumption. The vehicle should be able to roll on slightly anomalous or
inclined terrains and surpass small obstacles.

The low-level controlling tasks had to be addressed locally by an arduino uno
unit, installed on the robot and accompanied by simple electronic components, like
potentiometers and suitable motor-driving equipment. For the high-level tasks, like
providing remote human-robot interaction or advanced navigation, the robot had to
be equipped with a raspberry pi unit able to run python (or C) code and to act as a
bridge between the fixed on the robot arduino and the equipment of the user.

The raspberry pi is a quite powerful credit card–sized computer that drastically
facilitates the design and implementation process. Indeed, it supports Linux shell
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commands and scripts, an abundant set of python and C programming capabilities,
useful packages for network and data base services and image processing while there
is a very active community to provide abundant material and assistance in any
possible configuration problem, which is valuable and time-saving especially for
the non-expert developers. The raspberry pi also provides easy storage of data and
many connectivity options, from conventional ones via USB (Universal Serial Bus),
Wi-Fi, Bluetooth to more microcontroller-oriented ones like SPI (Serial Peripheral
Interface) [45], I2C (Inter-Integrated Circuit) [46], serial TTL (Transistor-Transistor
Logic) [47], etc. Among its trade-offs is its increased (average) power consumption
that reaches the 500 mA border and the absence of sleep mode that sometimes is
valuable for energy saving purposes and its size, which is not the smaller possible.

The considerable gap in roles and capabilities between the arduino uno and the
raspberry pi units leaves plenty of space for intermediate-level systems like
ESP-8266 (ESP8266, 2019) or ESP-32 based modules. Indeed, modules like the
WeMos [42] board (an ESP8266 variant) are much faster and have more memory
that the arduino uno board. Furthermore, they have similar to the arduino uno layout,
they can be programmed using the same well-known environment and provide built-
in Wi-Fi connectivity. Their price is also very attractive, varying around 10€. For
these reasons, the adoption of WeMos units instead of raspberry pi or arduino uno
units was an attractive choice for the less computationally demanding robotic
implementations under testing. However, the WeMos is a 3.3 V system and its
configuration and programming are slightly trickier than the arduino’s and thus, it is
not the ideal board for the less experienced users to start working with. In general,
the cooperation among more than one comparatively simple controlling units,
instead of hiring a single large one, has been favored. This arrangement provides
better modularity and allows for fast configuration changes during the diverse
experiments. A variety of sensor components, from potentiometers, proximity and
IMU (Inertial Measurements Unit) elements to GPS (Global Positioning System),
cameras (optical, NIR (Near InfraRed), thermal, etc.) and specific-purpose sensors
can be easily supported. Similarly, various actuator components can be attached and
controlled, like geared motors, motor drivers, servos, fluid pumps, etc.

A mechanism for supervising the robot’s operation should be incorporated as
well. More specifically, an android-based smart phone (or tablet) was the most
convenient device to monitor and control the operation of the robotic vehicle,
based on the methods described in [36, 48, 49]. This device may provide commands
via its touch screen, its accelerometer sensor or via cloud-based voice recognition
services. Furthermore, special software components provide valuable feedback data
from the robot to the user. Both visual (e.g. Ardublock [50] and MIT App Inventor
[51]) and textual (e.g. Arduino IDE, C, python) programming environments are used
to guarantee a satisfactory interaction with the robotic vehicle.

Finally, as the robotic vehicle is intended to serve as a “vanilla” platform, able to
host various multipurpose attachments, for testing environmental sensing equipment
and for performing light-duty agricultural tasks, its construction should consist of
modular software and hardware parts that are easy to combine in diverse configura-
tion arrangements. For this reason, the overall selection of both the hardware and the
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software components tries to exhibit simplicity, to minimize the size and the cost and
to maximize their reusability. These initial robotic vehicle design principles are
reflected, in a simplified manner, in the left part of Fig. 1.

3 Implementation Details and Derived Enhancements

Taking under consideration the requirements discussed in Sect. 2, the result was a
layout involving two independent electric motors giving motion to the wheels of
each side, through a chain drive system, providing differential steering (actually
skid-steering). This setup eliminates the need for extra mechanisms dedicated in
steering tasks, provides simplicity, robustness and better maneuverability, at the cost
of increased energy consumption and tire wear during the turning process, thus
requiring stronger wheels and bearings. These trade-offs that the skid-steering
technique has are not significant, as long as the vehicle is kept lightweight and
wide enough (i.e., having its width comparable to its length dimension). The
proposed robotic layout mainly consists of two separate parts (i.e., left and right)
that are connected via threaded rods, of 3 mm in diameter, thus providing suspension
flexibility in a cost-effective manner. One of the initial robotic vehicle
implementations following the above specifications, using one stepper DC motor
per side, is depicted in the right part of Fig. 1.

As described in [36, 38], the control of the motors was initially done by a
microcontroller (arduino uno), via suitable power electronics (motor drivers mainly
of L298 type). The necessary power was provided by deep discharge sealed acid lead
batteries. The size specifications tend to a 40 cm by 40 cm layout. The motors were
delivering a torque of around 5 kg cm, at 100 rpm, in order to achieve a combined

Fig. 1 Initial robotic vehicle design providing one independent motor per side and all-wheel drive
(left). An early implementation using stepper DC motors (right)
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dragging force of around 4 kg, taking into account the chain drive revolution reducer
(:3) and the given wheel radius (approximately 7 cm).

The modular nature of this experimental robotic layout allowed for detailed
components testing highlighting the strengths and the weaknesses of each candidate
variant. In this regard, the accurate, in their rotation, stepper motors (operating at
8 V) that were initially fitted on the robot, were replaced by simple brushed DC
motors (operating at 12 V) that produced less heat and consumed considerably less
energy. The trade-off for adopting the latter DC motors was the need for a feedback
control system, in order to provide accurate operation. Indeed, such a mechanism
was added, using photo interrupters that were initially fixed around the driving
sprockets. Furthermore, the robotic vehicle was enhanced by incorporating a direc-
tion stabilization mechanism, based on data fusion of signals provided by a nine-
degree of freedom IMU/compass unit [52] fixed on the top of the robot and
connected with the arduino. The system consumed without load, at low speed
0.14 A, at average speed 0.16 A, while at high speed it consumed 0.18 A. In the
case of operation under load at high speed, it consumed 0.32 A with low load, 0.48 A
with medium load and 0.80 A with high load. The vehicle’s electronic system
(microcontroller and motor driver circuits) consumed about 50–60 mA to operate,
a comparatively small additional quantity.

More ambitious enhancements involved motors of higher torque (i.e., more than
the double), larger batteries and required the replacement of the initial motor driver
(L298 chip) with an improved circuit, based on MOSFET (Metal Oxide Semicon-
ductor Field Effect Transistor) type transistors, thus being able to handle higher
currents with lower voltage drops and heat. This layout allowed for greater wheels
(of about 26 cm in diameter) with pneumatic tires to be fixed on the chassis. In
addition, a small solar panel unit has been adapted on the top of the robot. This 15 W
solar panel was able to deliver at about 0.8 A at 18 V under good sunlight conditions,
amount that could assist and charge the batteries. Figure 2 summarizes the discussed
enhancements involving DC motors and photo interrupters attached to the driving
sprockets (left), and layouts with IMU/compass sensors, solar panel assistance,
bigger motors and wheels (right).

The overall implementation provided satisfactory results, but the need for deliv-
ering even higher torque values and for overcoming vertically opposed obstacles
(requiring the wheels of the same side to be able to turn at different speeds) led to an
updated version having two independent motors per each side (i.e., one per each
wheel) assisted by a dedicated chain-drive system. The new robot is slightly wider
than the initial implementation in order to turn more flawlessly, without experiencing
very high peak torques that lead to high peaks in power consumption. The overall
construction has a 50 cm by 50 cm layout. The updated design specifications are
reflected in Fig. 3.

The gearbox equipped motors are rated of 100 rpm, they have a stalling torque of
40 kg cm and a stalling current of 2 A. The chain drive system reduces the rotation
speed by a factor of 3, increasing in parallel the torque by the same amount. The back
side motors are equipped with an improved rotational speed feedback mechanism
based on photo interrupters to provide speed stabilization to the selected target value.
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As with the initial vehicle version, an IMU and compass unit plus a GPS can be used
to provide the necessary direction stabilization and location information. A battery
unit of 12 V, 7.2 Ah is the main power source for the updated robotic vehicle. In the
previous cases, a combination of an arduino uno unit plus a raspberry pi (model 3B)
is used to efficiently control and remotely monitor the robot. An application using a
WeMos D1 R2 unit has also been implemented in order to reduce the power
consumption and increase the efficiency of the robot. The total weight of the vehicle
is around 10 kg. If a solar panel is hosted for better autonomy, 1.25 kg is added to
this weight. A system of thicker (i.e., of 4 mm in diameter) threaded rods are used to
keep the two sides of the robot together and provide the necessary flexibility to make
the vehicle able to roll on anomalous terrains. The external wheel diameter is 26 cm
approximately.

The basic robotic construction, after a meticulous testing and tuning process, was
assigned a realistic mission: to perform soil moisture measurements, in a semi-
autonomous manner. For this reason the robot was equipped with an electro-
mechanical attachment (of one degree of freedom) and a reliable soil conductivity
sensor was fixed on it, the ThetaProbe ML2 [53] device, manufactured by the Delta-
T company. The ThetaProbe is a popular and reliable model, which is used by the
scientists, for years, typically in research works like the one described in [54]. This
sensing device was adapted at the end of a wooden arm of “Π”-shape, able to move
up and down, assisted by a custom jackscrew lifting mechanism which is capable of
rotating grace to a small geared DC motor. The jackscrew mechanism can apply to
the sensor a pushing force of up to 35 N, approximately, thus making its nose to
penetrate inside the soil so as to provide accurate measurements. Two position
switches and a small part of arduino code automate the measuring sequence process,
thus leaving the main unit of the robot available for more time-critical or
computationally-heavy tasks. The overall implementation enhancement details are
shown in Figs. 4 and 5. After experimentation, it was decided to attach the photo

Fig. 2 Intermediate layouts involving speed feedback mechanism (left). Further enhancements
involving IMU/Compass, solar panel assistance, bigger motors and wheels (right)

240 D. Loukatos and K. G. Arvanitis



interrupters to the driving sprockets of the rear wheels, for better traction, and to use
separate discs for them, for increased control time granularity and thus faster
response.

The second robotic vehicle example is a taller construction which is intended to
pass over the young plants, mainly for inspecting and spraying them with fertilizers
or herbicides. The frame of this prototype vehicle is made of wooden rectangular
rods. Its length, width, and height are approximately 70 cm 75 cm, and 75 cm,
respectively. The front part of the robot is equipped with the two traction wheels,
while two caster wheels are fixed in the rear part. Two separate motors, one per side,
are used for moving the spraying robot, these motors, apart from being larger, are
equipped with accurate hall sensors, for better speed control results. The differential
steering method is followed by this robot as well, leading to a more compact,
simpler, and cheaper solution. For better maneuverability, the front part is slightly
wider than the rear one. The rear part is connected to the rest of the frame in a way
that provides for rotations by small angles, on a layer vertical to the vehicle’s main
moving direction, in order to surpass small obstacles in the fields, without any wheel
to lose contact with the ground. The front part is designed to carry the spraying
reservoirs and it is much heavier than the rear part. As the vehicle is not an all-wheel
drive, this arrangement results in not losing traction, as the rear caster wheels have
considerably less weight to carry. The front “Π”-shaped side, apart from the electric
motors system and the reservoirs, is equipped with the low-pressure spraying
components and a set of electric centrifugal pumps, similar to the ones used in the
windshield washers of the cars. The necessary electronic components are hosted at
the top of the robot, while the two batteries of 7.2 Ah are fixed, one at each side. The

Fig. 3 More advanced robotic vehicle design providing two independent motors per side and
all-wheel drive and skid-steering
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total weight of the construction being described is 16 kg, approximately, or 24 kg,
with the two reservoirs that are ready for spraying.

Typically, the “brain” of this electro-mechanical construction was an arduino uno
unit, used for the low-level tasks, in cooperation with a raspberry pi unit, used for the
high-level tasks and the communication with the user. The presence of the quite

Fig. 4 More advanced robotic vehicle implementation for soil measurements, using two larger DC
motors per side, providing all-wheel drive and skid-steering

Fig. 5 Details of the photo interrupter sensor disc, attached to the rear wheel sprocket (left), and the
solar panel assisted version of the soil measuring robot (right)
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powerful raspberry pi unit allows to host and exploit advanced software and hard-
ware tools.

The need for modular system, of satisfactory accuracy and capable of providing
more connectivity and monitoring options, yet maintaining configuration simplicity,
favored the adoption of a navio2 [55] “hat” board along with the raspberry pi
platform. Indeed, the navio2 is a promising alternative to the combination of a
9DOF IMU unit with an external GPS that provides an easy-to-use navigation
system and a rich set of functions. The navio2 cooperates with conventional RF
controlling systems and provides with many useful telemetry and health status data,
via a UDP (User Datagram Protocol) or a serial connection with the hosting
raspberry pi unit. Furthermore, the navio2 also provides pins for controlling various
servomotors. The navio2 requires a modified raspbian version to be installed on the
raspberry pi unit. This linux operating system version supports the popular ArduPilot
[56] vehicle monitoring and controlling software that cooperates fluently with
pairing tools at the operator’s end, like MissionPlanner [57], for desktop computers,
or QGroundControl [58], for smart phones/tablets. These tools allow for supervision
and control of robotic vehicles of any type as well as for setting way points for the
robots to follow. The software of the navio2 system also supports the ROS [59] robot
operating system, which is among the standard robot communication protocols.

The presence of a raspberry pi unit, along with the navio2 board, provides the
potential to perform a rich set of custom assistive tasks in parallel, like remote
communication or log-file storage or even local (i.e., performed by the robot) off-line
voice recognition, with the latter option been investigated in [36, 48]. Among the
most valuable features that the computational power of the raspberry pi allows for, is
the machine vision. More specifically, as the vision-based techniques, combined
with IMU and GPS data, comprise the most commonly used method for robot
navigation in the fields, the presence of the raspberry pi unit, at a “gluing” role,
encourages the hiring of the OpenCV tool [60] for adding machine vision assistance
to the robots.

Nevertheless, the OpenCV is not the ideal environment for the less-inexperienced
users. For these users the pixy2 smart camera system [61] provides a more attractive
component for introduction to the real-time image recognition concept. The pixy2 is
an open hardware and open software innovative module that can be easily config-
ured to identify objects according to their color and to report their coordinates, into
the active camera frame, via SPI or USB interfaces to an arduino or a raspberry pi
unit respectively. This functionality has been used to add a smart spraying function-
ality to the robot. More specifically the robot intercepts the existence of the plants
nearby, and sprays only when it is above them. The fusion of the camera data with
the distance data provided by two ultrasonic distance sensors (one vertical and one
horizontal) delivered even better results. The pixy2 data have also been used for
small corrections in the moving direction of the robot, in order for the latter to be
kept aligned with the plantation line.

Finally, two small solar panel units can be fixed on the top of the robot to increase
its autonomy. These 15 W solar panels are able to deliver at about 0.8 A at 18 V
under good sunlight conditions, increasing the vehicle’s autonomy by 25%. The

Assisting DIY Agricultural Robots Towards Their First Real-World Missions 243



solar panels add slightly more than 2.5 kg to the total weight. The overall imple-
mentation enhancement details for this robotic variant are shown in Figs. 6 and 7.

As with the robotic implementations previously described, in the spraying robot
case, the low-level controlling tasks are addressed by an arduino unit while the high-
level and more complicated tasks are left to a raspberry pi unit. As already discussed,
the WeMos board is offering an attractive and more compact alternative to the
raspberry pi—arduino uno cooperation schema, for comparatively lightweight
tasks, and thus the WeMos controlled space and energy—saving variants proved
their practicality and flexibility in many of our experiments. Furthermore, the
WeMos also has a much faster boot-up time that the raspberry pi unit, which is an
important factor during experiments using a large number of consecutive tests.

For all implementations, referring to the low-level tasks, the arduino mega board
was offering a safe alternative to the arduino uno board, with its increased number of
GPIO pins and memory. Similarly, for the WeMos board case, a good upgrade was
the ESP-32 board. Table 1 summarizes the characteristics of the proposed robotic
vehicles, compared with the initial implementation. The detailed information that
Table 1 contains is further highlighted in Sect. 4 of this chapter.

Fig. 6 The spraying robot variant, using one DC motor per side, differential drive and special
navigation and monitoring equipment
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4 Lessons Learned, Results and Discussion

During the construction of the proposed vehicles, a very challenging issue was the
selection and the gluing of all the necessary components that had to be collected
from a very diverse set of sources, varying from recycled materials and local
hardware stores to official electronic suppliers. The robots being presented have
low power consumption and while they are far larger than the typical STEM
(Science-Technology-Engineering-Mathematics) approaches, they are easily
deployable, cost effective and modular enough to allow for students’ practice and
for further variants implementation. The modular nature of the experimental robotic

Fig. 7 Further details of the electronic components of the spraying robot variant (left) and its solar
panel assisted version (right)

Table 1 Characteristics of the robotic vehicles

Robot type Initial model For soil measuring For spraying

Transmission system 4 � 4, chain drive 4 � 4, chain drive 4 � 2, chain drive

Motor number 2 (electric) 4 (electric) 2 (electric)

Dimensions (cm) (L � W � H) 40 � 40 � 20 50 � 50 � 30 70 � 75 � 75

Weight (net) (kg) 5 10 16

Weight (gross) (kg) 5 11 24

Steering method Skid steering Skid steering Differential
steering

End effectors None ThetaProbe ML2 Sprayers

Max speed (ms�1) 0.70 0.70 0.65

Power consumption (A) 2.5 A 4.2 A 4.6 A

Power source Acid lead batteries Acid lead batteries Acid lead batteries

Solar assistance No Yes (1 � 15 W) Yes (2 � 15 W)

Indicative cost (bare) (€) 125 250 300

Indicative cost (total) (€) 445 570 620
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layout allows for a meticulous study of numerous combinations involving cutting-
edge electronics and one or more popular microcontrollers. The hiring of more than
one “core” units for each robot does not appear to be a problem, as long as the total
power consumption is kept low and there are interconnections options available
between the different components. In addition, a good practice being followed was
to use a separate power source (e.g., a power bank) for supplying the “logic” of the
controlling circuit, as motors have rather a “crude” behavior that sometimes results
in sudden voltage drops on the main battery units supplying them. Use of fuses for
protecting the controlling elements is also suggested.

Most of the remote interaction scenarios, even with the earlier robot versions,
have been carried out through Wi-Fi interfaces, while some of them involved LoRa
interfaces, to extend the effective controlling distance. In the latter case, the adoption
of a LoRa dragino shield [62] component on a secondary arduino uno unit at both
communication ends performing commands bridging, via its USB port, was the most
preferred solution. The LoRa protocol was capable of establishing up to a few
kilometers connectivity, at a few kbps rate, with a small power consumption of the
order of 100 mA. Nevertheless, this radio is not intended to serve for continuous
telemetry and command data delivery, similarly with its Wi-Fi counterpart, but
rather to carry scarce supervision commands, with respect to the 1% fair policy
rule suggested for LoRa communicating devices [63].

In order to provide the necessary flexibility and customization options for effi-
ciently supporting the various energy consumption metric scenarios, for a consider-
able amount of amperage (i.e., up to 8 A), without shifting to more expensive
equipment, efforts were made to make our own measuring circuit using low-cost
discrete elements and one of the available arduino units. This circuit contains an
electric current divider, which is made by two 0.56 Ω resistors of 5 W each
connected in parallel, and a capacitor, in parallel, at the output of the circuit. The
input of this system drains energy from the battery while its output supplies the
motors and the controlling units of the robot. The A/D converter of the arduino,
through a voltage divider system, is used to provide differential measurements of the
voltage drop the two-resistor system. From the latter difference, the current amper-
age that the robot consumes is calculated. The battery voltage of the robot is also
reported. These data are periodically delivered, as a time trace sequence, towards a
smart phone or tablet device (which is usually the monitoring unit at the human’s
end) for further processing and permanent storage.

Figure 8 depicts the indicative energy consumption trace (motors only), acquired
by the custom energy metering mechanism, for the soil moisture measuring robot,
while performing a simple move sequence on smooth terrain, i.e., of going forward,
stopping, turning left, turning right and going back and stop. The peaks in power
consumption correspond to the turning actions, which are quite greedy for this type
of vehicle which is using skid-steering.

The actual speed being exhibited by the first robotic implementation varied from
0.25 to 0.70 m s�1, and thus, they were similar to the ones of a slow walking man, as
it was initially planned. The dragging force of the robot initially was nearly 4 kg and
its weight about 5 kg, while its cost was below 125€. The speed specifications of the
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derived layout implementations were kept almost unchanged while the dragging
force was increased to 10 kg, per side, approximately, and the cost of the electro-
mechanical and driving units almost doubled. The weight of the new robotic
constructions shifted to 11 kg, for the soil measuring version, and to 16 kg, for the
spraying version, respectively. The flexible chassis layout capabilities of the soil-
measurement vehicle allow for graceful obstacle passing as depicted in Fig. 9. Up to
10 cm height obstacles are successfully surpassed without any wheel to lose contact
with the ground.

The spraying robot has a 0.75 m by 0.75 m layout and a max speed of 0.65 ms�1

(0.70 ms�1 for the soil measuring version). Its electronics (WeMos implementation)
consume 100 mA approximately. Its net weight is 16 Kg, while, with both reservoirs
loaded, the weight is reaching the 24 Kg. The presence of two photovoltaic panels of
15 W each adds an extra 2.5 Kg. The water supply of each water pump is 0.2 L
min�1, while the pump motor consumes 1 A, approximately. Considering the 4 L
reservoir capacity corresponding to each pump unit, the spraying process can last up
to 40 min at 0.2 L min�1 or up to 20 min, if both pumps are used simultaneously.
This type of vehicle, without load on flat horizontal surfaces, consumes 1.4 A,
approximately, while, at full load, it consumes 1.5 A, approximately. These con-
sumption values increase to 3.2 A and 4.6 A, respectively, when the robot is
immobilized by holding its rear end while its wheels are spinning.

In Fig. 10, the navigation and monitoring equipment details for the spraying robot
at the operator’s end are depicted, involving a smart phone, custom software,
developed using the MIT App Inventor tool, and the QGroundControl application.
The accuracy of the navigation process depends heavily on the accuracy of the GPS

Fig. 8 Indicative energy consumption trace (motors only), for the soil moisture measuring robot,
while performing a simple move sequence on smooth terrain
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device being used, which for our experiments was of the order of 1 m. Things
became better after the fusion with the data provided by the pixy2 camera, giving
error near to �0.1 m, for identifying the young plants, and thus, aligning with the
plantation line. It must be noted that the pixy2 camera is running a quite simplified
machine vision algorithm and cannot be used for a wide set of cases.

In both variants, the presence of a RPi3 unit (that costs 45€) plus a navio2 shield
is adding an amount of 650 mA approximately at 5 V which incurs a total rise of
350 mA in consumption, at the 12 V battery-supplying level, provided that an
efficient switching regulator unit is used. The use of sophisticated sensors like the
navio2 or the pixy2 camera are increasing the cost by 200€ and 75€, respectively
(total cost line in Table 1).

The findings of this research indicate that the gap between DIY and commercial
implementations can become smaller and the robots’ manufacturing cost barrier can
be even lowered, i.e., from the 10,000 to 15,000€ range to drop below the 1000€
border, for comparatively smaller and lightweight, but yet efficient constructions of
reduced accuracy. At this cost level, the educational role of the proposed robotic
implementations seems to be served fluently. Indeed, according to interviews, there
are promising indications that the students assisting in the design, implementation
and testing stages of the discussed robots, have reinforced their technological
background and acquired soft skills that might be beneficial for their careers as
engineers. This feeling, which is in accordance with the findings of other similar
research works [36, 37], should be further assessed and studied in both quantitative
and qualitative manners. Apparently, from technical aspect, still much of work
should be done to provide more accurate solutions exhibiting increased autonomy
and robustness during their operation. Indeed, more sophisticated methods can be
investigated, including fusion with more precise sensors and especially with more

Fig. 9 The flexible chassis
layout capabilities of the
soil-measurement vehicle
allow for graceful obstacle
passing
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advanced AI techniques, but the continuous flourishing of the relevant research and
industry production assists that.

5 Conclusions and Future Work

The work being presented reports on the efforts of our team to bridge the gap
between educational-laboratory level and commercial-industrial level robotic vehi-
cle implementations, in a cost-effective manner, with additional pedagogical impact.
This goal is served by highlighting the trials for building DIY agricultural robots in
non-negligible size and providing the necessary functionality and intelligence to
support simple real-world agricultural tasks. The recent rapid technological
advances resulted in a plethora of low-cost electronic components and credit card-
sized systems that greatly encourage similar advanced project trials. Two basic
forms of experimental robotic layouts have been implemented and tested, one for
spraying over the plants and the other one for performing all-terrain soil moisture
measurements. Simple electromechanical parts along with popular microcontroller
units, tablet or smart phone devices and innovative sensor boards have been com-
bined effectively. Both visual and textual programming environments were used to
properly program the robots. The remote interaction with the prototype robots, in
most cases, was performed using Wi-Fi interfaces while, a step beyond that, the
experimentation with LoRa interfaces provided a promising solution for supervising

Fig. 10 Navigation and monitoring equipment details at the operator’s end, involving smart phone,
custom software and the QGroundControl application
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the robots, at increased distances. Mechanisms for measuring the energy consump-
tion of the vehicles were also implemented and solar panel assistance solutions were
also taken into account. Our findings indicate that the gap between DIY and
commercial implementations can become smaller, but still much of work should
be done to provide more accurate and more autonomous solutions.

Plans for the feature include a deeper experimentation with the robotic vehicles,
mainly in terms of working accuracy, autonomy and energy consumption. Both
layouts being presented can be seen as “vanilla” platforms that can be easily
customized to support a rich set of use cases by picking a diverse set of sensors
and algorithms. Beyond that, the investigation of further variants having an even
larger and more robust electro-mechanical layout, is an apparent priority as well.
Finally, an ambitious goal is the construction of a large number of vehicles and then
the application and study of various swarm management techniques, towards
increasing the productivity and minimizing the relevant costs.
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Evaluation of Spray Coverage and Other
Spraying Characteristics from Ground
and Aerial Sprayers (Drones: UAVs) Used
in a High-Density Planting Olive Grove
in Greece

Athanasios Gertsis and Leonidas Karampekos

1 Introduction

New olive systems for olive oil production are expanding worldwide, using high and
super high planting densities, ranging from 1000 to 2200 trees per hectare (ha) and
are fully adaptable to mechanical harvesting with straddle type harvesters used to
harvest grapes [1]. In Greece, conventional olive production systems have a planting
density ranging from 150 to 300 trees per hectare for table olives or olive oil
production, rainfed or irrigated. The new linear and high density groves were first
planted in 2007 and are expanding mainly in Central and North Greece [2] due to the
available area abandoned or replaced by other crop species in these areas and the
climate change resulting to the temperature increases and rainfall distribution.
However, their expansion rate is limited mainly due to legislative reasons, limited
management expertise, since the establishment of new olive grove is not supported
financially by the National Agricultural legislation and Farmer support system,
proportionally to the conventional density plantations.

Also, the new systems are so far mainly established by agricultural corporations
focusing on achieving higher Return on Investment (ROI) rates as compared to
traditional systems, due to much lower harvesting cost by the machines. In general,
most tree production systems are globally changing from conventional and low to
medium planting densities into linear systems of higher densities, to facilitate use for
both manual and mechanical systems, mainly concerning harvesting. A main issue
of all these systems is spraying with ground machinery and equipment, varying in
size and capacity in order to be to adaptable to the high variable Greek farm sizes and
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location relief where olives are grown. The average olive grove in Greece is in small
size (<2 ha) and most olive oil production varieties are grown under the rain fed (not
irrigated) conditions and usually in field with high slope (>5–10%).

Due to tree characteristics and depending on the cultivation method, agrochem-
icals are frequently applied uniformly over the entire orchard area, without taking
into account the spatial variability of the target tree profile and often using higher
dosages than needed. This phenomenon increases spray losses associated with
deposition on the ground, off-target application and drift which in turn decreases
application efficiency. One of the most important off-target application phenomena
is pesticide runoff caused either by overdosing, as a consequence of not having an
appropriate dosing system, or by performing low uniformity treatments as a result of
the inadequate use and poor maintenance of application equipment [3]. Olive
farmers often apply products to the point of runoff to guarantee a high biological
efficacy, contributing this way to environmental pollution [4]. The advantages of
new prototype nozzle in spaying olives was reported in olives by Miranda-Fuentes
et al. [17]. They developed new airblast sprayers to optimise application efficiency
and overcome the limitations of conventional sprayers used in traditional and
intensive olive orchards. This approach resembles the way used in centrifugal nozzle
used in some drones. Issues of economic aqssessement are outlined by Martinez-
Guanter et al. [19], indicating strong evidence of economic advantage as a basis for a
debate about the current legislation.

Main issues regarding plant protection quality in olives are the uncertainty about
optimal application parameters and the influence of operational parameters on the
application homogeneity and efficacy [3]. Moreover, olive grove characteristics and
the improper spraying equipment, especially in new systems such as super high-
density olive groves, can negatively influence the application efficiency [4].
Unmanned aerial vehicles (UAV) are precision agriculture solutions for developing
spraying processes that are probably safer and more precise than the solutions of
manned agricultural aircraft and traditional ground sprayers. Compared to ground
technology, aerial systems allow faster spraying without the need for traversing the
crop field [5], even in sloping groves.

The question of which systems are more efficient in terms of spaying coverage
(Percent Coverage, PC %), has not been adequately evaluated among the various
systems used [6, 7]. In addition, the most recent developments in the UAVs business,
has generated new technological tools in agriculture and nozzle type for application
of agrochemicals and other production inputs and concepts (fertilizing, seeding,
monitoring and crop scouting, etc., [8]).

The present study was undertaken to evaluate the long-term effects of spraying by
the most common ground spraying systems used in Greece and to add information
from aerial spraying by using two different nozzle technologies, namely:
electrostatic vs. conventional. It is a subsequent study from the first datasets col-
lected in the reported study from the same olive grove [6]; however, additional
treatments including a new UAV with two nozzle types and ground sprayers using
the electrostatic nozzle technologies, were added to provide more aspects of droplet
distribution in spraying.
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In a comprehensive review of electrostatic system parameters, many aspects and
principles of this technology, as it is applied to superpose charges to spraying
droplets for improving abaxial and adaxial surface deposition, retention, and cover-
age, were reported by Appah et al. [9]. They mentioned that the electrostatic nozzles
can be placed in any spraying system-ground or aerial- and they improve droplet
deposition, impinging, rebound, and drift inefficiencies since they are better attracted
to the substrate leaves, branches, and fruits. They also identify future trends to
improve pesticide application for crop protection.

Patel et al. [10] reported a new system which appears to be a contribution to the
development of a new and more efficient nozzle with increase in liquid deposition
and better uniformity. The subsequent environmental benefits from such systems are
apparent, and mainly refer to minimizing drifting, reducing the volume of pesticides
sprayed, and providing a better coverage of crops.

A major issue with drone spraying remains the current legislation in EU. The
machinery directive 2006/42/EC was published on 9 June 2006 and became appli-
cable on 29 December 2009 [18]. It was amended by Directive 2009/127/EC of the
European Parliament and of the Council of 21 October 2009, with regard to
machinery for pesticide application, and by Regulation (EU) No 167/2013 of the
European Parliament and of the Council of 5 February 2013, on the approval and
market surveillance of agricultural and forestry vehicles, among others [15].1

Outside EU members but still within Europe, Switzerland has become the first
country in Europe to develop a process to authorize spraying drones. According to
the Swiss government, drones are well suited as replacements for helicopters in
spraying pesticides [16].2 One question for EU officials commonly asked by farmers
and other spraying drone users, is the following: “The prohibition of aerial spraying
in the EU since the SUD (Sustainable Use Directive) also precludes precise spraying
with drones. How do you address this issue?”. A common answer is: “Regulations
may have to be re-considered and re-appraised as new technologies and new
evidence accumulate to support changes in legislation”.

The Directive 2009/128/EC of the European Parliament and of the Council of
21 October 2009 establishing a framework for Community action to achieve the
sustainable use of pesticides provides more on the aerial spraying in EU member
countries. The Chapter IV SPECIFIC PRACTICES AND USES—Article 9 refers to
Aerial spraying and the first paragraph is:1. Member States shall ensure that aerial
spraying.3

1Read the consolidated text of the directive: https://ec.europa.eu/growth/sectors/mechanical-
engineering/machinery_en
2https://www.electricvehiclesresearch.com/articles/17812/switzerland-authorises-crop-spraying-
drones
3For the entire directive visit: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?
uri¼CELEX:02009L0128-20091125&from¼EN
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2 Methodology

2.1 Olive Grove

This long-term study is located in a high-density olive grove (Fig. 1) established in
2011 in Perrotis College, American Farm School, Thessaloniki Greece (Lat 40� 340

1300 N Long 22� 590 1200 E). The olive grove is composed of 12 rows of 50 m each,
with between-rows spacing equal to 4 m for all rows, oriented North to South. In-the-
row spacing is 1.5 m, 2,5 m and 5 m for the Super High Density (SHD), High
Density (HD) and Medium Density (MD) resulting in tree densities of 1670, 1000
and 500 trees ha�1, respectively. The long-term objectives in this olive grove are to
evaluate olive production levels, agronomic characteristics and olive oil quality
under the new high density, linear systems, adapted for mechanical harvesting.
Another specific goal is to evaluate the Input Use Efficiency (IUE) for major
agronomic production inputs in the framework of LISA and SOCRATEES© [11]
(Table 1).

The experimental variables include the three planting densities mentioned above,
two olive oil producing varieties (Arbequina and Koroneiki), two levels of irrigation
and fertilization (conventional and deficit irrigation, c.a. 40% less than the conven-
tional and low fertilization, c.a. 50% less than the conventional), along with foliar

Fig. 1 The Educational Research Demonstration high density olive grove in Perrotis College,
American Farm School of Thessaloniki, Greece
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spray of a bio-stimulant product. Many yield and agronomic parameters are evalu-
ated since the beginning of olive fruit production, 3 years after planting.

This specific study reports on various spraying systems commonly used in large-
medium-small size olive groves, representative of the Greek olive production sys-
tems, site relief and average farmer’s land. It is a continuation and a further
expansion and evaluation of different spraying systems, of a study on this olive
grove, conducted in spring-summer 2018 [6]. A number of trials were performed
using the ground and an aerial (UAV—Model Joyance JT16L-2N1) vehicle with a
16 L spraying tank, shown in Table 2 and Fig. 5.

Each system sprayed one SHD line (50 m long), selected as a representative of a
very thick canopy scenario, around the line’s left and right side (West and East
orientation), while the UAV was sprayed in two configurations and at a height
approximately 1 m above the top canopy, to fly over the row and around the row.
A battery operated back-pack sprayer was used twice, in a slow and a fast walking
pace in order to simulate average farmer walking modes, since there is a variability
among workers in their walking speed, as affected by fatigue initially and towards
the end of the spraying process later on.

For the tests performed, four trees were randomly selected from one of the four
super-high density lines. In each of the four replicate trees, Water Sensitive Papers
(WSP-1 � 2 in by Sygenta—Figs. 2 and 3) were placed in the same positions to
provide an integrated evaluation in all directions of the canopy, shown in Fig. 4, for

Table 1 The various spraying systems used

1 Commercial—Electrostatic boom sprayer �1000 lph used (2000 L tank)

2 Electrostatic boom sprayer �200 lph used (2000 L tank)

3 Electrostatic gas operated blower back pack (16 L tank)

4 Commercial electrostatic-mixed boom sprayer (1500 L tank)

5 Commercial conventional boom sprayer 1500 L tank

6 Back pack sprayer—battery operated (1 hose used-16 L tank)

7 Back pack blower/mist type sprayer—gas operated—slow walk (16 L tank)

8 Back pack blower type sprayer—gas operated—fast walk (16 L tank)

9 UAV with electrostatic nozzles—flight between the rows (16 L tank)

10 UAV with conventional nozzles—flight over the rows (16 L tank)

11 UAV with conventional nozzles—flight between the rows (16 L tank)

12 UAV with electrostatic nozzles—flight over the rows (16 L tank)

Table 2 Water Sensitive Papers (WSP) position numbers in each tree and canopy volume per tree

Tree number in the line Canopy volume (m3) Number of WSPs used per tree

9 3.06 5

30 3.39 6

23 3.61 6

2 3.99 7
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Fig. 2 Water Sensitive
Paper (WSP, dimensions
1 in � 2 in used—by
Sygenta)

Fig. 3 Three different droplet densities from a brochure of Sygenta WSP

Fig. 4 Water Sensitive
Papers (WSP) position
numbers in each tree
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all trials. The number of WSP per tree was 5, 6 or 7 and were determined based on
tree measured volume (Fig. 4 and Table 2). The trees and WSP positions remained
the same for all systems and trials used. A light pruning (mainly the suckers were
removed) was performed to maintain the leaf canopy in approximately the same
volume per tree, as the initial one.

The WSP were collected after 40–60 min period left to be dried out and then
scanned with two software: DepositScan4 and SnapCard5 to determine the Percent
Coverage (PC%) and other droplet features, such as number of droplets, and size
distribution.

Statistical analysis was performed using the statistical software JMP SE version
146 for means comparisons using the four replicated trees. Also, to determine if any
effects were evident among the four trees and among each WSP position, similar
means comparisons were done using Student’s t-test (Fig. 5).

3 Results and Discussion

Analysis of data will be presented from the DepositScan software, because the
correlation was very strong between the two scanning software used and since
DepositScan also reports on the size and number of droplets, while SnapCard reports
only the PC%. Both software recorded the percent coverage (PC %) in a very similar
mode as shown in Fig. 6. Their linear correlation was highly significant (r ¼ 0.978)
and the two-line equations are:

SnapCard% ¼ 1:2360056þ 0:6008362 � DepositScan%

or

DepositScan ¼ �4:533þ 1:4291 � SnapCard

Results of PC% from the DepositScan are shown in Table 3. In general, all
spraying systems using the electrostatic nozzles performed better and in most case
the PC% was significantly higher than the conventional sprayers nozzles. Also,
the uniformity of droplets per area unit was higher from the electrostatic nozzles.
The UAV showed the lowest PC% although not significant different from some of
the large commercial boom sprayers. It must be mentioned that the measurements
with the initial UAVs took place under non-optimal (relatively high) wind speed
conditions and they will be repeated for further evaluation. Chen et al. [7] introduced

4https://www.ars.usda.gov/midwest-area/wooster-oh/application-technology-research/docs/
depositscan/ and Zhu et al. [12]
5https://www.agric.wa.gov.au/grains/snapcard-spray-app and Nansen et al. [13]
6www.jmp.com
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an overspray index and defined it “as any situation with spray coverage greater than
30%, which was based on WSP samples”. Calculation of this index was done by
normalizing the PC% using the following equation:

Fig. 5 The various spraying systems used. (Top left: the electrostatic and conventional back pack
gas operated blower. Top right: the two commercial electrostatic and conventional large size blower
sprayers-2000 L tank. Middle left: the spraying UAV 16 L tank. Middle right: the 16 L tank back-
pack electrostatic. Bottom left: the 16 L battery operated back pack and Bottom right: the 1000 L
tank conventional mixed spraying system)
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Io ¼ C � 30ð Þ= 100� 30ð Þ,

where Io is the overspray index and C is the spray coverage on WSP (%). The values
of Io range from 0 to 1, with 0 representing no coverage and 1 representing saturated
spray (100%) coverage. However, this index has not been substantiated by any field
evidence data and therefore it may represent their own “personal proposal”. Also, the
calculations on the above formula are not valid for any spray percentage less than

y = 1.4291x - 4.553

r = 0.97
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Fig. 6 Comparison
between coverage (%) data
obtained by DepositScan
and SnapCard. A strong
correlation (r ¼ 0.978)
exists between the two
data sets

Table 3 The mean Percent Coverage (PC%) and statistical differences of each spraying system and
means comparisons using Student’s t test

Spraying system PC%

Commercial—electrostatic boom sprayer �1000 lph used A 28.1

Electrostatic gas operated blower—back pack A B 26.4

Commercial—electrostatic—mixed boom sprayer (air blast) A B 26.3

Commercial—Conventional boom (air blast) sprayer B 20.1

Back pack sprayer—battery operated (1 hose used) C 10.1

Back pack blower type sprayer—gas operated—slow walk C D 8.7

Commercial electrostatic boom sprayer (air blast) �200 lph used C D E 7.5

Back pack blower type sprayer—gas operated—fast walk C D E 6.1

UAV with electrostatic nozzles—flight between the rows D E 2.46

UAV with electrostatic nozzles—flight over the row D E 1.83

UAV with conventional nozzles—flight between the rows E 1.39

UAV with conventional nozzles—flight over the row E 0.69

Note: Spaying systems not connected by same letter are significantly different (Student’s t-test,
a ¼ 0.95)
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30%. It can be logically argued that the “30% coverage” or practically any percent
coverage can be differently translated for different plant species (such as field crops
or tree production systems), planting or seeding densities and, most importantly, for
different type of chemicals used, i.e., contact type vs. systemic pesticides for which
the mode of action significantly differs. In our study, no system exceeded the above
“overspray index”, since the highest percentage was 28.2%.

The amount of water used by the different systems (Table 4) ranged from
c.a. 32–40 L for the large commercial blower (blat air) sprayers, c.a. 3–5 L used
by the back-pack systems to less than 2 L used by the UAV system, while the time of
operations are between c.a. 1–6 min among the various systems. This information
should be also considered when evaluating the efficiency of spraying systems along
with the higher flexibility of UAV flight [5]. The advantages of spraying UAVs are
expected to be higher in farm specific situations where the large tractor operated
systems may not be able to enter in the field, due to excessive soil moisture, sloppy
parts of the field, or other unusual soil-weather conditions. The significant amount of
water used by the large ground systems does not result necessarily in significantly
higher coverage.

Comparison of an independent trial for the two UAVs with conventional and
electrostatic nozzles and in two directions (Table 5) has shown that the electrostatic
nozzle drones had significantly higher PC% over the conventional nozzles. This
finding is also in line with the ground systems equipped with electrostatic nozzles
and can be used by farmers as a tool to further increase their pesticide application

Table 4 The amount of spraying and time of operation for the various spraying systems used

Spraying system

Water
amount
(L)

Operation
time (s)

1. Commercial—electrostatic boom sprayer �1000 lph used (2000 L
tank)

36.5 68 s

2. Electrostatic boom sprayer �200 lph used (2000 L tank) 8.6 62 s

3. Electrostatic gas operated blower back-pack (16 L tank) 3.5 205 s

4. Commercial electrostatic—mixed—boom sprayer (1500 L tank) 40.2 137 ss

5. Commercial conventional—mixed—boom sprayer 1500 L tank 32.7 64 s

6. Back-pack sprayer—battery operated (1 hose used-16 L tank) 2.6 272 s

7. Back-pack blower/mist type sprayer—gas operated—slow walk
(16 L tank)

4.8 312 s

8. Back-pack blower type sprayer—gas operated—fast walk (16 L
tank)

2.6 190 s

9. UAV with electrostatic nozzles—flight between the rows (16 L tank) 2.15 78 s

10.UAV with electrostatic nozzles—flight over the row (16 L tank) 1.0 51 s

11. UAV with conventional nozzles—flight over the row (16 L tank) 1.1 55 s

12. UAV with conventional nozzles—flight between the rows (16 L
tank)

1.9 105 s
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efficiency and reduce environmental issues related to agrochemical use and appli-
cation methodologies. The cost of centrifugal-electrostatic nozzles in drones is not
prohibiting. However, there is a significant difference in the cost of round equipment
using electrostatic sprayers. It is expected that new system, developed or under
development, will reduce this cost [10].

The possible effects on PC% from the WSP position and tree Number (possible
tree characteristics) was assessed and are presented in Tables 6 and 7 for the new
trials of drones only and Tables 8 and 9 from all the systems evaluated. In the case of
the two nozzle type drones, there was no difference either in Tree no or in WSP
position, indicating a very uniform distribution of spraying droplets, in all directions

Table 5 Comparison of two systems in the whole olive grove (0.3 ha)

Spraying system
Solution used
(L)

Operation time
(min)

Commercial conventional tractor boom sprayer 165 14.5

UAV with electrostatic nozzles—flight between the
rows

10 5.5

Table 6 Comparison of an independent trial for the two drones with conventional and electrostatic
nozzles and in two directions

Type of UAV and flying pattern Mean PC%

UAV with electrostatic nozzle (between the rows) A 2.46

UAV with electrostatic nozzle (over the row) A 1.83

UAV with conventional (between the rows) B 1.39

UAV with conventional (over the row) B 0.69

Table 7 Results for the effect
of WSP position in all trees for
the Table 5

Position of WSP in the trees Mean PC%

2 A 0.61

5 A 0.60

1 A 0.58

6 A 0.45

4 A 0.44

3 A 0.36

7 A 0.28

Table 8 Results for the effect
of replicated trees for the
Table 5

Tree number Mean PC%

2 A 0.56

30 A 0.54

9 A 0.53

23 A 0.42
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in the olive canopy. In the case of all systems, there was no difference among the
trees, but significant differences were shown among the positions. Position #1
(Fig. 4) has shown the lowest PC% while position # 5 had significantly higher PC
% from #1. These finding suggest a variable spraying coverage by the ground
systems mainly, resulting to not so uniform droplet distribution all around the tree.
Therefore, these findings support the hypothesis that drones result in more uniform
all around coverage then the ground systems. Also, the superiority of electrostatic
nozzles over the conventional ones is evident.

The results from the possible effects of the trees (Table 10) indicated no signif-
icant differences; therefore, we accepted that the four replicated trees were uniform
in the distribution of applied liquid and had not effect on the percent coverage
comprehensive results.

The extrapolation of spraying results from one line in the whole olive grove—15
lines—outlined in Table 5, indicated that the amount of chemical solution used by
the major ground system was significantly higher than the amount used by the drone,
and it was about 17.5 times higher. Extrapolated to cost reduction for the farmer and
effect to environment it can be the major factor in the future for decision making in
term of equipment used for spraying and ROI. This difference provides concrete
evidence of the higher efficiency of the drone over the most common ground systems
in medium to large groves. However, the efficacy of the spraying over insects and
disease control remains to be evaluated in separate studies, which are under progress
for the coming growing season 2020. A preliminary study in Greece has provided
initial and very encouraging results using conventional and drone spraying systems
for the control of the olive fruit fly (Bactroceraoleae, Dacusoleae), representing the
most important problem in olive production systems [14]. Their preliminary results
showed that using bait spaying for this insect was proven very effective as compared
to backpack sprayers used in nearby located sloppy olive groves.

Table 9 Results for the effect
of WSP position in all trees for
the Table 2

WSP position in the trees Mean PC%

5 A 18.85

4 A B 16.59

6 A B C 15.28

7 A B C 14.86

2 A B C 13.34

3 B C 10.87

1 C 7.82

Table 10 Results for the
effect of replicated trees for
the Table 2

Tree no. Mean

9 A 15.79

2 A 14.59

30 A 13.26

23 A 11.60
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4 Conclusions

Spraying with various agrochemicals and other substances represent a major cost for
the farmer and impact the entire eco-agro system and the environment. Spraying
time and timing are crucially important for efficient application of agrochemicals.
The efficiency and efficacy of each spraying is not well understood and has not been
evaluated, due to miscellaneous factors, including very specific conditions of crops,
machinery and type of agrochemical used. Therefore, this study contributes signif-
icantly to this specific area and fills some gaps, to provide information available for
further research and for farmers use. A first approach study reported here, aiming to
evaluate typical ground sprayers used by farmers and aerial spraying by drones, for a
high density olive grove, indicated a variety of PC% and mainly a large discrepan-
cies of amount of water solution used, which can lead to over-spraying with all
consequent effects to the environment.

The quantities used by the conventional ground systems were up to 45 times more
than the drone’s, while the operation time for ground systems was up to 6 times more
than the drone’s. In addition to ground sprayers, the first effort to evaluate aerial
means in the form of drone (UAV) was presented with satisfactory results and quite
comparable in their PC% with most of the ground systems used. In addition, the
potential for spraying systems equipped with electrostatic nozzles was shown to be
superior in coverage and uniformity/droplet dispersion than the conventional nozzles
used. This study will be continued in the next years with new UAS models, to further
evaluate other aspects of spraying characteristics and chermical use efficacy. An
important issue, however, remains the need for an update of the EU Directive 2006/
42/EC. Any legislative adjustment to facilitate use of drones for spaying, under
controlled conditions and with all necessary prerequisites, will open a new world in
spraying systems and provide more and efficient tools to EU farmers, environmen-
talists and all other users in small and large scale applications.
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Predictive Model for Estimating the Impact
of Technical Issues on Consumers
Interaction in Agri-Logistics Websites

Damianos P. Sakas and Dimitrios P. Reklitis

1 Introduction

The modern digital revolution has altered the competitive structure of the commer-
cial industry and increasingly requires marketers to switch their efforts from the real
market to the digital one. This digital transition has occurred in light of the growing
consumer focus on digital services. Several scientific works contribute to the exam-
ination of this phenomenon by analyzing evolving digital marketing tactics. Existing
literature on the topic has extensively examined the logistics industry and social
analysis data sets with the view to inform marketer’s decision-making processes [1].
Indeed, existing literature has examined and proposed various approaches which can
be used as marketing strategies to increase consumer interaction with a company’s
digital platform; ultimately providing a company with a competitive digital edge [2].

Despite the existing body of literature, there is limited research which examines
the current limitations of marketing tactics employed by the niche agri-logistics
companies which are attempting to adapt to the increasing digital market. In turn,
this has led to the emergence of a problem within agricultural websites, as they
contain little consumer interaction. Similarly to the existing literature which focuses
on the wider logistics sector, extensive research regarding digital marketing optimi-
zation strategies must be carried within the agri-logistics industry. This research
should seek to begin filling the existing gap by prognosticating digital marketing
strategies which can be utilized within the agri-logistics sector to increase digital
consumer interaction.
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By taking into account existing theories on logistic website’s digital marketing
strategies, it is anticipated that the various variables of a website interact with each
other in a manner which either positively or negatively impacts the efficiency of an
agri-logistic digital marketing strategy. For instance, it is suspected that the time it
takes for a web page to load impacts the web page’s ranking on digital servers.

This Chapter seeks to identify the various correlations which exist between the
variables which affect the efficiency of the digital marketing strategy. Based on
existing literature, the present work sets as a hypothesis that the existing correlations
between different web-variables have a direct impact on the efficiency of an agri-
logistic digital marketing strategy. Within the scope of this research, this hypothesis
is considered with a view to, firstly, prognosticate the most efficient digital market-
ing strategies that can be employed by agri-logistic websites and to, secondly, enable
the long-term forecast of digital marketing within the agri-logistic sector.

In order to address the above question, namely, how to increase consumer
interaction with agri-logistics websites, this Chapter adopts the following structure.
The first section carries out a literature review on existing digital marketing theory,
search engine optimization (SEO) theory, Big Data theory, and web analytics theory.
The second section sets out the predicted hypotheses, while the third section sets out
the adopted three-stage methodology process. The fourth section carries out a
verification of the output in terms of the statistical analysis. The fifth section utilizes
the results of the statistical analysis to generate a Fuzzy Cognitive Map (FCM)
approach in order to assist in the creation of a predictive model. Finally, the creation
of the predictive agent-based simulation model will inform the later discussion on
strategies which can be employed by agri-logistic websites to optimize consumer
interaction. The Chapter concludes with a wider consideration of existing literature
and opportunities for further research in the field.

2 Background

2.1 Digital Marketing

The most crucial piece of information which a company must acquire is a compet-
itive advantage [3]. Nowadays, a competitive edge is not only crucial for the
development of the company but for its survival in this free jungle market. This is
especially true for logistics companies which operate in a highly competitive market
[4]. Information Technology has great impact on business advantage [5, 36].
According to Lai et al. [5], a competitive advantage could be achieved by focusing
on IT. IT capability is achieved through the connection of IT strategy with IΤ
management skills. Third Party Logistics (3PL) managers can acquire advantages
from their investments in IT only if the execution of IT strategy is higher than that of
their competitors. This is the reason why Digital Marketing is crucial. The results of
Digital Marketing are more measurable than the results of controversial marketing
[6, 7, 38]. According to Chaffey and Ellis-Chadwick [8], the definition of “Digital
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Marketing” is “achieving marketing objectives through applying digital technolo-
gies and media”. Digital Marketing is different than the controversial and obsolete
Marketing because it has introduced new ways of interaction. According to
McDonald and Wilson [9], the benefits of Digital Marketing as opposed to contro-
versial Marketing are listed in Table 1.

2.2 Search Engine Optimization

According to Chaffey and Ellis-Chadwick [8], search engine optimization (SEO) is
the technique which is used in order to maximize the quantity and quality of traffic in
a website. Businesses have realized that twenty-first century marketing is being
indexed on the Internet. More specifically, the goal of a business is to appear at
the top of search engines. In order to achieve this, technical variables must be taken
into account in order to optimize the ranking of these machines. The so-called
optimization process and the techniques and strategies used to raise the page at the
top of the rankings are called SEO [14].

Table 1 The advantages of digital Marketing, as opposed to controversial Marketing

Interactivity With digital marketing there is a possibility of higher interaction between
the corporation and the customer which leads to higher sales and close rates
[10]

Intelligence Digital Marketing cost is significantly lower than the Controversial cost.
Researchers can gather great amounts of information by sending to cus-
tomers for example Google Forms [8]

Individualization With digital marketing the information gathering is easier and cheaper.
With this gathered information, which are gathered using techniques and
procedures that are aligned with the rules of General Data Protection
Regulation (GDPR) [39] Regulation of the European Parliament and the
European Council (2016), digital marketers can suggest the right product to
the right customer to fulfill the required need [11]

Integration Digital marketing covers both the outbound and inbound Internet-based
communications. The effective and beneficial communication from the
company to the customer and vice versa. Therefore, there is a need to
identify and analyze the web analytics that will be explained later on [8]

Industry
restructuring

One of the key elements of restructuring is the reintermediation that should
be examined by any organization developing their Digital Marketing
strategy [12]

Independence of
location

The organization can supply products to the global market without having a
local store [13]
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2.3 Big Data

According to Thucydides [41] (404 b.c.) information leads to power. In ancient
Greek, the word King refers to the one that holds the information. Today, the need to
acquire a relative advantage over competitors can be achieved by using and struc-
turing Big Data [15]. According to SAS Institute Inc. [16], “Big Data refers to the
ever-increasing volume, velocity, variety, variability, and complexity of informa-
tion”. The term “Big Data” was introduced in order to describe the vast and ever-
increasing amount of data that corporations store and analyze in light of their
enormous data resources. The volume of data is expanding as it takes in a greater
range of sources, of which the vast majority are in an unstructured form. Companies
need to extract value from the extraction of the data but also need to employ the
results to resolve their security problems [17, 40]. According to Chaffey and Ellis-
Chadwick [8], “Big Data” is a term used to describe the analysis techniques and
systems that “can be used to make use of the large volumes of data that are available
for marketers”. According to Soubra [18], the opportunity which is now available to
marketers can be classified in three dimensions (Table 2):

All businesses operating in this sector strive to improve, distinguish and refine
their websites as these represent a key marketing tool for a business. The enhance-
ment of a website is achieved by utilizing all accessible metrics through web
analytics. The management of Big Data is a crucial element for the achievement of
this goal. Properly handled, it enables the adoption of precise, easy and efficient
decision-making strategies.

By treating a website, not only as an online store, but also as a core tool which
strategically advertises a business’ aims, the need for its continuous improvement
becomes apparent. A business’ ulterior motive in relying on websites is to not only
confront existing industry competitors but to also create a competitive advantage for
the business. To achieve this, two actions must be carried out simultaneously.
Namely, all the information which exists by virtue of the business’ physical presence
must be gathered and harmonized with the information arising from the web
analytics and the Big Data [19, 20].

Table 2 Big data properties

Data
volume

Relates to the increasing size of the data which is disposable for online interactions
between Digital media platforms. In the past the creation of the data was up to
employees, nowadays everyone generate data for the company including
employees, clients, other companies and even machines

Data
velocity

The data are streaming into the company’s computers in real time so, the marketing
professionals have the opportunity to take it in consideration

Data
variety

Represents the potential that provide the unstructured data as texts, photos, videos,
sensors, CRM etc. This also provides the possibility of unifying alternative sources
of data to get more client insight

272 D. P. Sakas and D. P. Reklitis



This research gathers data from GTMetrix and presents the extracted data from
the leading agri-logistic companies. For the purpose of this Chapter, the selected
leading companies will be taken to represent the entire industry.

2.4 Web Analytics and Metrics

One of the core benefits that Digital Marketing provides to organizations, is the
ability to fully or partially understand consumer behavior through the utilization of
web data analytics, while simultaneously placing a plurality of quantitative metrics
[21]. According to Chaffey and Ellis-Chadwick [8], web analytics (WA) are tech-
niques used to gather data, evaluate and optimize the contribution of Digital Mar-
keting to a company, including clickstreams, online reach data customer satisfaction
surveys, leads and sales. In light of this research, the analytics of multiple logistics
websites were gathered through the use of the descriptive web mining analytics tool
GTMetrix. GTMetrix is a website that scores a website’s performance and speed.
GTMetrix examines the Page Speed Score, YSlow score, Fully Loaded Time, Total
Page Size and the number of the Requests of the website that are provided by the
URL. GTMetrix proposes solutions on how to make the given website more efficient
and faster. This website provides the complete structure of the elements that con-
tribute to the total size of the site [22]. WA is used by more than 66% of all websites
globally [23].

In spite of the fact that there is a relatively good adoption rate, the available
research on WA is insufficient. Furthermore, according to Järvinen et al. [24], the
data extracted fromWA are only used to solve specific problems and are not adopted
as a part of the company’s wider strategy; such use could allow a business to acquire
a competitive advantage. In addition, according to Germann et al. [25], many
marketing managers are reluctant to take into consideration extracted data from
WA platforms in their decision-making processes and prefer to make decisions
according to their experience and intuition. Also, the SEO analysis tool can be
used for the recognition rectifications that need to be carried out to enable the growth
of the website’s visibility [26, 27].

The research of Järvinen and Karjaluoto [21] emphasized the managerial incapa-
bility to understand, define and use WA metrics. In light of these findings, this paper
goes on to consider the description and explanation of the five-web analytics metrics;
namely, the Fully Loaded Time, Page Speed Score, Requests, Total Page Size and
YSlow Score, as described in Table 3 [22]. This will benefit digital marketing
managers and practitioners by informing their decision-making processes through
WA with the purpose of understanding these WA metrics and their effect. A further
benefit of these findings is setting a strategic modus operandi of gathering objective
web analytics data of users’ behavior in websites and to understand the interrelation-
ships and interconnections that these web analytic metrics might have. As a final
benefit, these findings may serve to improve managers’ and practitioners’ analytics
skills by utilizing the gathered web behavioral data. In turn, these can be used to
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design, implement, evaluate and potentially optimize a performance measurement
system [21].

The investigation of the probable interrelationships and interconnections between
the five Web Analytic metrics, establishes a significant step for marketers to realize
how the Fully Loaded Time, YSlow Score and the Total Page Size of their website
influences the average time users spend on the marketer’s website. For example, the
Fully Loaded Time could be a critical component affecting the time spent on the site
and page views per visitor. The lower the Fully Loaded Time is, the higher the time
that is spent and the page views that are recorded on the websites. Contrastingly, the
lower the Fully Loaded Time, the lesser the time users spend and the pages they view
within the site. It is still unknown if and how the level of Fully Loaded Time impacts
the overall traffic of the website. In other words, it is unknown whether the lower
the Fully Loaded Time of a website is the higher the website traffic will be, or if, the
higher the Fully Loaded Time, the fewer the number of visitors that will access the
website. The following section presents the research hypotheses of the study and the
implementation of a descriptive modeling technique as a precondition of the con-
struction of the predictive agent-based model. Finally, the Simulation Modeling
process is used to represent and estimate all the scenarios in a graphical way [30].

Table 3 Description of the examined Web Analytics Metrics

Web analytics
metrics Description of the WA metrics

Page Speed
Score

According to Google Developers [37], “Page Speed Score reports on the
performance of a page on both mobile and desktop devices, and provides
suggestions on how that page may be improved”

YSlow Score According to Duran [28], the tool:
“Grades web page based on one of three predefined ruleset or a user-defined
ruleset; it offers suggestions for improving the page’s performance;
Summarizes the page’s components;
Displays statistics about the page;
Provides tools for performance analysis”

Fully Loaded
Time

Fully Loaded Time is the point after the Onload event fires and there has been
no network activity for 2 s [22]

Total Page Size “The term page size in the SEO world refers to the downloaded file size of a
given web page” [29]

Requests “Decreasing the number of components on a page reduces the number of
HTTP requests required to render the page, resulting in faster page loads”
[22]
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3 Descriptive Modeling Process and Research Hypotheses

First, the initial method of generating a prediction model illustrates the creation of a
descriptive model that defines the relationships between the variables [31]. This
book chapter shows the possible relationships among the WA metric of the exam-
ined sites within the transport sector. To create descriptive modeling, this research
applies the Fuzzy Cognitive Mapping (FCM) approach to illustrate the relationships
between WA metrics. FCM is used to describe the relationships between factors and
also, to demonstrate the importance of each problem.

For this reason, in this study, WA metrics are recorded through a comprehensible
representation of these correlations, while defining numerically weighted weights
[0, 1] or [+1,�1] for each relation of the described descriptive model [32, 33]. A
benefit of relying on the adopted prediction model is that it illustrates, in a visual
manner, the correlation and causal relationship between the various entities [34]. Its
main advantages are the flexibility of visualization of a model and the ease of
understanding even by those who do not know [35]. Figures 1 and 2 show the
FCM and then the Research Cases.

Fig. 1 Fuzzy cognitive representation of possible relationships between theWAmetrics via Mental
Modeler software as a FCM builder

Fig. 2 Fuzzy cognitive representation of possible relationships between theWAmetrics via Mental
Modeler software as a FCM builder
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Based on Figs. 1 and 2, the possible relationships between these WAmetrics were
evaluated. Figures 1 and 2 were designed on the online editor “Mental Modeler”.
The formulation of the research questions was completed by taking into account two
parameters. On the one hand, the potential benefit that agri-logistics companies will
obtain from the answers to these questions. On the other hand, the function they have
with each other and the function they have with SEO. With that being said, as far as
all research questions are concerned, similar research has been conducted in other
research fields. For example, it is widely known that there is a function between
Total Page Size and Rankings. Is this function also available in agri-logistics
businesses? Hence, all the research questions posed took into account which vari-
ables may or may not be related to the rankings and the SEO and even between them.

The research hypotheses set out in the present book chapter, serve to clarify and
analyze the factors which are necessary for the improvement of corporate websites
within the agri-logistics sector. These research hypotheses are formulated in the
following manner under five hypotheses:

• H1: The Fully Loaded Time of the page affects the score rendered by YSlow
Score and Page Speed Score Rakings;

• H2: The Total Page Size affects the score rendered by YSlow Score and Page
Speed Score Rakings;

• H3: Requests affect the score rendered by YSlow Score and Page Speed Score
Rakings;

• H4: Is there a correlation between Requests and Total Page Size for YSlow and
Page Speed Score Rakings?

• H5: Is there a correlation between Requests with Fully Loaded Time?

4 Methodology

SEMRush APIs were used to collect website usage data for measurements over a
period of 100 days from seven different websites of leading companies in the agri-
logistics industry. The process of mining and collecting data on the Internet of
transport websites for Page Speed Score, Fully Loaded Time, Total Page Size,
Requests, and YSlow Score was carried out on a daily basis in order to have a
deeper understanding of the range of variations that occurred in each website
throughout the 100-day period. The Spearman factor was used to estimate the
possible relationships based on the five hypotheses. This method allows for the
calculation of r the possible linear correlations between the WA data over a time
period of 100 days. The closer the r is to 1 or�1, the greater the correlation between
the measurements. The positive linear r correlation suggests that when a variable yis
increased, the variable y also increases. The negative linear correlation r shows that
when the variable yy changes, the variable x increases.
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5 Hypotheses Testing and Results

Table 4 represents the Spearman correlations ρ in relation to the examined logistics
websites. Table 4 further presents descriptive statistics that could be useful for the
ABM modeling process (Table 5).

For the H1, the Fully Loaded Time impacts positively the Page Speed Score with
ρ ¼ 0.204 and the Fully Loaded Time impacts negatively to the YSlow Score with
ρ ¼ � 0.267. This practically means to the analysts that when the Fully Loaded
Time level of a website is increased, the Page Speed Score is increased as well, and
the YSlow Score is decreased.

Table 4 Spearman coefficient of correlations between the WA metrics of logistics website.
Abbreviations PSS, YS, FLT, TPS, CC and SIG correspond to Page_speed_score, Yslow_score,
Fully_Loaded_Time, Total_page_size, Correlation Coefficient and Sig (two-tailed) respectively

Correlations

Page
Speed
Score

Yslow
Score

Fully
Loaded
Time

Total
Page
Size Requests

Spearman’s
rho

Page
Speed
Score

Correlation
coefficient

1000a .488a .204a �.165a �.661a

Sig.
(two-tailed)

. .000 .000 .000 .000

N 840 840 840 840 840

Yslow
Score

Correlation
coefficient

.488a 1000 �.267a �.223a �.683a

Sig.
(two-tailed)

.000 . .000 .000 .000

N 840 840 840 840 840

Fully
Loaded
Time

Correlation
coefficient

.204a �.267a 1000 �.025 �.132a

Sig.
(two-tailed)

.000 .000 . .000 .000

N 840 840 840 840 840

Total
Page Size

Correlation
coefficient

�.165a �.223a �.025 1000 .527a

Sig.
(two-tailed)

.000 .000 .000 . .000

N 840 840 840 840 840

Requests Correlation
coefficient

�.661a �.683a �.132a .527a 1000

Sig.
(two-tailed)

.000 .000 .000 .000 .

N 840 840 840 840 840
aCorrelation is significant at the 0.01 level (two-tailed)
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In H2, there is a negative correlation between the Total Page Size with the Page
Speed Score and the YSlow Score with ρ ¼ � 0.165 and ρ ¼ � 0.223. This means
that when the Total Page Size is increased, the Page Speed Score and the YSlow
Score are increased as well.

For the H3, there is a negative correlation between the Requests with the Page
Speed Score and YSlow Score, with ρ¼ � 0.661 and ρ¼ � 0.683. This practically
means that when the Requests are increased, the Page Speed Score and the YSlow
Score are decreased.

In H4, the results showed that there is a positive correlation between the Requests
and the Total Page Size that the websites receive with ρ ¼ 0.527. That is, the more
the Requests on the examined websites, the better the Total Page Size will be.

Lastly, for the H5, there is a negative correlation between the Requests and the
Fully Loaded Time with ρ ¼ � 0.132. This means that when the Requests are
increased the Fully Loaded Time is decreased.

5.1 Predictive Modeling

The latest research approach is the use of Anylogic in order to simulate the process to
make a prediction of the system. Unlike the Anylogic system, the use of statistics
represents a mere juncture of time without capturing the entire image of the issue.
The present findings confirm the statistical analysis. Following the presentation of
the model, this work analyzes the fluctuations occurring over a period of 100 days.
Agent based model (ABM) enables marketers to perceive and use all the data they
have from their customers and also enables them to better understand their business
by analyzing this data for the benefit of both businesses and customers. This will
allow researchers to anticipate all those variables that affect the SEO up to a number
of important elements of the website. Finally, in contrast to previous studies which
used social analysis data sets, the present aggregate quantitative behavioral data was
suitable for visualizing real situations and, as such, ABM was adopted [1]. To start,
the user (visitor) is encouraged to enter the website through affiliate marketing. This
process, which is portrayed as an abscess in an unconditional form because it has not

Table 5 Spearman coefficient of correlations between the WA metrics of logistics websites

Mean Mode Std. Deviation Median

Page Speed Score 64.35 36 14.621 70.00

YSlow Score 61.20 58 6.059 60.00

Fully Loaded Time 4.256 4.2 3.1848 4.000

Total Page Size 1.85855 1.810 1.066318 1.71000

Requests 89.90 153 35.774 75.00

N ¼ 100 days Correlation is significant
at the 0.01 level (two-tailed)
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been studied in the present work, which applied communication strategy persuaded
him to enter the website (accidental click, information, order). Requests are gener-
ated as soon as the visitor enters the page. The model confirms that there is a negative
correlation between Requests and Fully Loaded Time. Figure 3 below shows the
exact values. Secondly, the Total Page Size, which is made up of the data gathered
from the variable triangular model, is presented. Finally, the final rankings are
produced through the Fully Loaded Time in the variable rate with triangular
model, as shown in Fig. 3 below.

During the 100-day period in which web analytics data was gathered, a plurality
of fluctuations in the agents’ populations, of the seven (7) agri-logistics websites,
was noticed (Fig. 4). As the agents’ distributions were examined, it was observed
that specific dates showed higher or lower values than others. These are the discrep-
ancies of highest and lowest values in the graph composed by the highest values and
lowest values of Requests, Total Page Size, Fully Loaded Time, Page Speed Score
and YSlow Score. Tables 6 and 7 indicate the lowest and the highest values of Page
Speed Score and YSlow Score because there are the final scoring metrics. The above

Potential_users

Click

Entry

Affiliate_Marketing

Requests

Visitor

Total_Page_Size

Fully_Loadded_Time

Page_Speed_Score YSlow_Score

Customer

Time

Fig. 3 Agent based modeling elements

Predictive Model for Estimating the Impact of Technical Issues on. . . 279



statistical analysis is confirmed in all variables. More specifically, as for the H1,
Fully Loaded Time has a positive effect on Page Speed Score and Fully Loaded
Time has a negative effect on YSlow Score. In H2, there is a negative correlation
between Total Page Size with Page Speed Score and YSlow Score. As for H3, there
is a negative correlation between Requests and Page Speed Score and YSlow Score.
In H4, there is a positive correlation between Requests and Total Page Size. And
finally, for the H5, there is a negative correlation between Requests and Fully
Loaded Time.

In Tables 6 and 7, these days show the highest and lowest prices of the two
metrics that provide the score of the websites. In practice, developers and marketers
can have a competitive advantage by analyzing these variables.

150

100

50

0
20

Requests

40 60 80 100

Total_Page_Size Fully_Loadded_Time
Page_Speed_Score Yslow_Score

Fig. 4 Range of metrics

Table 6 Specific days of the overall data range and the lowest and highest values of Page Speed
Score

Specific
days

Lowest values of Page Speed
Score

Specific
days

Highest values of Page Speed
Score

37 25 18 71

58 24 81 71

97 24 98 70

Table 7 Specific days of the overall data range and the lowest and highest values of YSlow Score

Specific days Lowest value of YSlow Score Specific days Highest value of YSlow Score

32 51 7 74

87 52 34 76

100 52 80 76

280 D. P. Sakas and D. P. Reklitis



6 Discussion

This chapter attempted to highlight the potential influences and interactions of
Requests, Total Page Size, Fully Loaded Time, Page Speed Score and YSlow
Score of agri-logistics websites. Both statistical correlations and modeling and
simulation results produced useful suggestions specifically for marketers and devel-
opers who manage agri-logistics websites. In this case, statistical analysis and the
simulation model had similar results. In addition, developers have the ability to
compare all the prices produced as well as the application and their effects. This
paper is useful as it combines two fields of research that have not yet been explored.

A difficulty that was often encountered within previous research was an abun-
dance of WA which in turn posed a difficulty in determining which of the presented
information was more important [21]. In light of this obstacle, the present work has
presented a methodology that first explains and analyzes the metrics of agri-logistics
companies in order to reduce misunderstandings about their usefulness. In addition,
it has listed a descriptive modeling approach through the Fuzzy Cognitive Mapping
in order to understand the dynamics and influences that metrics have on each other.
Furthermore, the adopted approach allows developers and marketers to further
expand their mapping needs [32].

As a next step, the statistical analysis of web analytics measurements was carried
out using the Spearman method. By relying on this method, marketers can better
understand which variables are really affecting their system and what the correla-
tions are between these variables.

Finally, previous studies had indicated that ABM was suitable for the social
analysis of data sets [1]. In light of these findings, this paper adopted ABM as its
aggregate quantitative behavioral data was suitable for showing the real situation. By
relying on ABM, it is possible to combine previous experience and knowledge using
useful information from the generated data.

This research contributes to the modeling construction based on agent-based
model and more specifically to the quantitative approach using the metrics drawn.
It emphasized the production of correlations between the variables that contributed
to the behavior of agents [2]. Finally, when the model was tested, the above
statistical analysis was confirmed in all variables. Furthermore, this paper sets out
the largest and lowest prices of metrics that provide a score in order to assists
marketers and developers within their decision-making process. By relying on
these types of agent-based models, marketers and developers are able to better
analyze obscure and complex data.

This research, through the extraction and management of consumer behavior
data, is part of the research project in digital marketing and optimization strategy.
The branch of application is in agri-logistics companies. Further research is needed
in the field of agri-logistics with the help of FCM based models because it will lead
to the long-term forecasts for the studied industry.
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The authors of this study have already begun examining the entire range of web
analytics in agri-logistics companies, including measurements of paid advertising,
social media loyalty measurements and measurements that may affect the presenta-
tion of websites and the ranking of search engines.
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