


A
Tt

Bl
s
k4 Y
s ot
kY
.u

:é
ra:

-

LR
PR Y igat ) gl
. e
sl et e oV landians
3

: e
y
L4 2 -~
b 913 ' : R LR iy
A -

wAA
*.*“‘\

e

-
-
AR
N R LA
.
3

tha s
SEN s AINR G

Pewstasy,

e -

- - \ ; .

PR e
-ty
>

W

[y
2l
S

s
-
Tae

—r
.-

a\Y
<
R

LY

o sL'd.

TR vasTs,

AAT TSN
AN UAR AR v R AR T,
v.v‘o‘iijflv’.rr..v .....'.4 s
wa A WA IANR ST T vt
R I Y T T A b SR LT LIS
crrwis tot AR ARBRETRTG G L
..._4.- AR R RN :...‘rAvJ-Ov-¢
arih _p....:.l.._....-c.
Avant PLES
¥

S

pras

o
MRS TA T
safbayhibin
v (et upfbhert

poarathyBate

be ¥ AR N

:...:.J...“‘:. Tolaambad
ASET L L DAL
aehhvarigve
AR R b
R L

o i pazbis

;‘n‘t-o %
;oup‘ “Z,
P L At 7
£ 2%
B,
Y%

>
=
"
“p®
rie
iZis

e

s,
%
y ! 7

\

%,
T

\\

S

"
2 e evrens
“‘.‘

TIrA ara s
Peinsrrmas
.

Farspdmiavdgdrrpsagn
fetvrieravar

KAl dodntubery

¢ h»\s\'v-\\‘.‘h-!‘.a.n

SER P Aviagdbrdnn Ty o

Yiwss

-s\snc

Jriveasagsath
\‘n“bll\u.h .o. *y b
vepbhasatire !

Zanr
-.\.|.:...:.
cawberas,,

£ty .
A
ey

¢
::uw

itade .W..n ‘wu.v-sn“ ‘N
. ~.Mmr
Vap _.‘b.

\
1‘ .lwaonys
1

y J
(] + “
&N

R

’

4
)
r
-—-

2 It
s Bie'd Rgdg iy
T o ML X NN
LS 2 NS
. Ny Wt
’Qu...-\.\.- r M o-nh»f”” _""

S
SO
0 II;

ligdne
bdoagbr e

U

11
I:.“,‘,' !

1y
'R

"

!

/
‘y
I;‘

1
1y
ty

ly



Dlstr|buted Design is a journey of Iearnlng and unlearnlng -
rethinking not just how we produce and consume products
but how we approach design as a whole. Each year we
~document our failures, challenges, and achievements,
- offering a moment to reflect on the Distributed DeS|gn
practlces in a tlme capsule = a publlcatlon

&
w O M
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While Distributed Design began with a single idea,
the way our practice takes shape today is plural,
multifaceted and complex. We need this complexity
because complex challenges—such as extractivism,
neoliberal doctrines, ecological degradation, mass
extinction, and biodiversity loss—demand equally
complex responses. Our community has grown
from a group of curious individuals to more than 25
member organisations across and beyond Europe.
Through distributing funding, knowledge, and
spaces to explore, members support an ecosystem
of over 2,000 creatives — makers and designers.
From rural Hungary, to the jungles of Mexico, to
bustling streets in Accra Ghana, our community
has flourished like a wildflower field. Each individual
flower, mushroom, insect, grass, stone, and patch
of earth strengthens the whole, contributing to the
diversity of what Distributed Design can be.

This year, our edition goes beyond topics to explore
the systems that drive design: the (re)distribution
of making, knowledge, value, and power. Our
community actively proposes alternatives, exploring
mutable and relational practices of redistribution
based on collaboration and co-creation, as opposed
to hierarchical concepts. We intentionally leave the
interpretation of redistribution open, recognizing
it carries diverse meanings for each community
given their contexts and understandings. Similarly,
contributors were invited to experiment with the
format of their work.

This book is a mushroom in our wildflower field.
This anthology — what is made — is the mushroom
top, the tangible, the “outcome.” A manifestation of
nutrients, decomposition and time, it is a process
not just a product. Within the book, we can find
knowledge shared by our community. Knowledge
shapes this book, asking what information we
use and who produces it. Just like fungal spores
spreading from one spot to the next, adapting to a
new context and influencing this ecosystem. The
stem of the mushroom holds it up. This is value, our
positionality and “how” we practice. Our values --
open, collaborative, regenerative, and ecosystemic
approaches -- shaped each step of the publication
process.

Finally, there is everything we cannot see. Mycelial [+~

networks expand, engaging with the roots of our «.
wildflowers along with billions of other organisms.
Cycling nutrients that allow their fellow organisms
to thrive, facilitating exchange, giving structure
to the soil ecosystem, mushrooms transform :
the very fabric of the earth. Power weaves all of *
these elements together, promoting or restricting
our ability to engage in making, knowledge, and

value. Redistributing power is the reason why this :

book was made: to enable, reflect, and embrace a
plurality of mindsets from across our network.

Over the last eight years, we have had the
opportunity to evolve into a thriving ecosystem
thanks to our network of members, creatives, and the
European Union’s Creative Europe program. While
our funding may be ending, it creates a moment
for us to reflect on and imagine constellations for -
Distribution Design’s continued evolution. With that
in mind, we have taken special care to reflect on *
the Platform’s impact, from those working with our
community daily to global activities. Here, we can |
find collective reflections on the past, present, and *
future(s) of Distributed Design. '

Each exploration begins not with truths but with

questions—questions our community engages with,
contributors pose to readers, and we as curators

have asked ourselves. These questions invite all of = x

us to stay open, challenge our assumptions, and
embrace the ongoing process of unlearning and
relearning what it means to practice Distributed
Design.

Sharing this journey with gratitude,

The Driving Design Editorial Team
Jessica Guy

Julia Bertolaso

Sally Bourdon

Many practitioners and researchers are exploring the redistribution of these structures. In particular, we've drawn
inspiration from explorations by Nat Hunter, Gareth Owen, and James Tooze through conversations and their publication
in Driving Design Vol. I. They have proposed an adaptation of Leyla Acaroglu’s ‘Mushroom Model, melding concepts *
from Kate Raworth’s Distributive by Design concept, as well as work from the fields of Distributed and Systemic Design.

See the reference section for more.
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CHAPTERO1

What is made? Who does - and does not - have access to
making? And whose forms of making are legitimised? When
do we make from scratch and when can we remake, remold
or repair? What tools and materials can be combined when
making? How can we reconnect with heritage or cultural
making practices? How can making be an act of social
regeneration?

Industrial production has long concentrated making in
the hands of the few, prioritizing efficiency, scalability,
and ownership. Mass production and technological
standardization actively displace heritage and community-
based practices while patents and intellectual property laws
reinforce corporate control. Dictating what is made, how,
and by whom, this erasure is not incidental but systemic: it

is a conscientious design to prioritize profit over collective
knowledge and regeneration.

From the few to the many, the maker and Distributed Design
movements were founded on the premise of redistributing
making and the means of production, enabling anyone
anywhere to build (almost) anything. Since its inception, our
embodiment of this mindset has morphed. Our community
recognises making is more than an act of production—it is
both a process and manifestation of broader systems of
knowledge, value, and power.

From Bolivia to Pakistan, Kenya to Hungary, contributors
share diverse approaches embracing the redistribution
of making. Acts of making transcend boundaries, offering
insight into how we begin to challenge, reshape, and reclaim
the ways in which knowledge is shared, value is generated,
and power is held.




THE REDISTRIBUTION OF MAKING

Shaping Future

Agriculture Th rough

Matteo Mojoli, Lorenzo Silvestri,>

Digital Innovation  Greeoses

Leveraging distributed design for sustainable
and inclusive farming practices

Contemporary agriculture stands at
a crucial crossroads, where global
social, economic, and environmental
pressures demand a profound
rethinking of food systems'. The
growing world population, projected
to surpass 10 billion by 20502,
brings with it complex challenges:
meeting rapidly expanding food
demand, ensuring access to food
for all, reducing rural poverty, and
mitigating the environmental impacts
associated with traditional farming
practices®. These objectives are
further complicated by the urgency
of adapting to the effects of climate
change, which is already disrupting
agricultural cycles, reducing water
resource availability, and increasing
crop vulnerability worldwide.

During the first half of the 20th century, agriculture
was mainly tied to methods based on crop sequence
diversity, biological process management, and the
richness of organic matter in the soil. Towards the middle
of the century, a new paradigm took hold, based on
using industrially manufactured fertilisers and pesticides
that replaced diversified rotations to achieve high yields

4. 5.6
P

Towards the middle of the century, a new paradigm
known as Industrial Agriculture or the Green Revolution,
brought significant increases in the productivity of
agricultural crops, contributing to solving the food
security problems of the time while limiting the
transformation of natural ecosystems into agricultural
ones7; &,

The main technologies and resources that enabled
this paradigm shift were the availability of cheap fossil
fuels combined with production factors based on these,
new, more efficient irrigation systems, mechanisation
of agricultural inputs, and the emergence of genetically
modified breeds and cultivars in order to achieve higher
yields®, %, "°. In recent decades industrialization and the
intensification of agriculture have been recognized as
causing significant negative environmental impacts'.

Technological innovation and related
challenges

In this context, agriculture cannot simply focus on
producing more; it must do so in a sustainable, intelligent,
and inclusive manner, addressing social disparities and
fostering the resilience of rural communities. Optimizing
the use of natural resources, preserving biodiversity,
and reducing waste are no longer optional but essential
imperatives. However, achieving these goals requires
more than incremental change: a radical transformation
is needed, supported by technological and organizational
innovations that reimagine the entire agricultural
ecosystem™.

The demand for more sustainable agriculture that meets
the future challenges presented in the previous line,
requires sophisticated and innovative tools to achieve the
subsequent increase in productivity. The introduction of
these has brought agriculture to the threshold of another
revolution, driven mainly by three technological forces:
data analysis, connectivity, and automation.

The introduction of these three driving technologies
into the agricultural sector has allowed innovations
such as artificial intelligence, drones and robotics,
satellite visualisation tools, connected sensors, and
other technologies to change the agri-food landscape™
profoundly. These technologies help in this regard, helping

to increase yields, improve efficiency and implement
greater sustainability and resilience in crops.

Particularly in the field of data analysis, the evolution
of technology has led to a considerable increase in the
availability and quality of data collected on farms. By
tracking, collecting, and analysing different types of data,
farmers can make more informed decisions, improving
decision-making'2.

At the heart of this revolution lies connectivity: wireless
networks allow the transmission of information or data to
participants, enabling a constant flow of data between
different objects and actors and enabling remote sensing
and monitoring, and consequently, more real-time
interaction™.

The final key technological force is automation. Through
the replacement of human labour with computerised
equipment with a form of autonomous control, it can
help lighten the workload of farm operators while
ensuring increased efficiency, management capacity,
and productivity'.

These technologies do not merely represent a technical
and economical advantage: they have the potential
to profoundly transform the social dynamics of rural
communities. They create new opportunities for skilled
employment, improve farmers’ living conditions through
increased productivity, and provide tools to reduce
social inequalities, promoting access to food. They thus
represent the means for the implementation of fair and
resilient communities.

According to the Institute for Agriculture and Trade Policy,
“a Community Food System is one in which sustainable
food production, processing, distribution and consumption
are integrated to enhance the environmental, economic,
and social and nutritional health of a particular place”'s.
Their guidelines place particular emphasis on the
importance of supporting production practices that rely
less on chemicals and energy while prioritizing the use
and optimization of local inputs.

Simultaneously, the emphasis on minimizing agricultural
inputs to increase outputs is a key element among the
four key levers through which digital agriculture can help
reduce farm emissions, as identified by Boston Consulting
Group.

On one hand, the concept of Community Food Systems
offers a localized framework that fosters self-sufficiency
and ecological balance. On the other, digital agriculture
provides tools and strategies to enhance efficiency and
reduce emissions, making these systems sustainable,
scalable, and adaptable to contemporary challenges. By
combining local sustainability principles with advanced
technological innovations, this integration bridges the gap
between tradition and innovation, establishing circular
food systems as a cornerstone of future agricultural
practices. Together, these approaches form a critical

(563)

foundation for transforming agrifood systems into models
that are both environmentally and economically viable
while being socially equitable.

Optimization of agronomic practices

To fully exploit the potential of technological applications
in agriculture, one must begin to consider the
construction of an integrated ecosystem that allows for
the optimization of agricultural practices in their entirety,
providing higher yields for less input. Using fewer
resources to increase food products can lead to other
benefits than those described above, such as higher
plant density, plant cover, and greater biodiversity.

Agricultural decisions are traditionally made on the basis
of the farmer’s experience and critical sense, so choices
such as when to sow, irrigate and distribute fertilisers
may be subject to errors of judgment. In addition to
the aforementioned issues, wrong choices can lead to
inefficient land use and, in the most severe cases, to a
reduction in quality. Through the introduction of smart
farming platforms, farmers can arrive at more informed
decisions. These adopt end-to-end systems that rely on
loT sensors, robots, drones, and Al to lead the farmer to
practice better agronomic practices throughout the crop
cycle. An ecosystem is created in which all hardware
and software devices are integrated and connected to
each other so that large amounts of information can be
monitored and collected. The data collected is analyzed
by software applications and algorithms, which generate
solutions that can help farmers make optimal decisions
to make their operations more efficient.

This platform helps the farmer monitor three main
aspects of the production cycle. The first is the
natural environment, thus tracking parameters such
as temperature, wind, light, humidity, and rainfall. The
second aspect is monitoring farmland conditions, thus
water content, temperature, pH, and fertility. The last
aspect is crop monitoring, collecting and analyzing
data such as height, density, budding, health, and any
diseases or pests. By tracking and analyzing this data,
the platform can provide the farmer with accurate
information on the best time for sowing, watering, and
fertilising. Farmers can control soil degradation and
adopt preventive tillage techniques; they can promote
water storage and increase soil carbon sequestration
capacity by restoring vegetation and reducing soil
disturbance. All this leads to reducing the carbon
footprint of agriculture™.

4 N\

Another revolution, driven mainly
by three technological forces:
data analysis, connectivity, and
automation
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Main technologies involved in digital
agriculture

In this section, the main technologies that enable this
new agricultural revolution, leading to its digitization, will
be identified and briefly presented.

o Biotechnology. Biotechnology involves modifying
living organisms or their parts through genetic
engineering to improve products, plants, animals,
or microorganisms™. In agriculture, it helps enhance
crop yields, reduce environmental vulnerability, and
decrease fertilizer dependence.

o Mobile Phones. Essential for wireless communication,
mobile phones are increasingly used by small farmers
for accessing financial services, weather forecasts,
and real-time market prices, thus improving field
management and connecting remote farming
communities'.

o Connectivity. Connectivity refers to various ways
of linking devices to the Internet, enabling data
exchange. Technologies like 5G, LEO, and LPWAN
provide high bandwidth and low latency, unlocking
digital agriculture’s potential through loT, autonomous
systems, and global coverage, even in remote
areas’,'s.

o Data Analysis. Data analysis involves processing
data to extract insights for decision-making. With
Al and machine learning, it helps farmers make
informed predictions, improving decision-making
and operational efficiency,'.

o Internet of Things (IoT). The loT connects devices
with sensors to monitor and improve agricultural
processes. It enables real-time monitoring of factors
like soil moisture and crop health, automating
responses to environmental changes'.

o Blockchain. Blockchain is a secure, distributed
ledger technology applied to digital transactions
and record-keeping, improving transparency and
traceability in agriculture. It enhances food safety,
reduces inefficiencies, and ensures fairer pricing for
small farmers', V7.

In the next sections, we will explore two case studies that
exemplify innovative approaches to integrating technology
into agriculture: HiveDock and Open Farmer Kit. HiveDock
demonstrates how modular and distributed systems can
support autonomous drone networks for agricultural
applications, emphasizing accessibility and adaptability.
Open Farmer Kit, on the other hand, adapts advanced
agricultural technologies for urban micro-farming,
promoting sustainability and democratizing access to
smart farming tools. These cases highlight how design
and technology can address diverse agricultural challenges
while fostering more inclusive and resilient systems.

“Today the use of UAVs and UGVs
in agriculture allows to improve
agricultural practices, allowing

for the monitoring of crops,
land mapping and resources
optimization.”

Automation and UVs in agriculture

As mentioned in the previous section, one of the most
prominent smart farming technologies that enables
farmers to make more informed decisions and addresses
the growing demand for sustainable agricultural
practices is automation.

Unmanned Vehicles (UV) are among the many platforms
in this category, defined by their ability to operate without
a human onboard. UVs may be remotely controlled by
a human operator or function independently, guided by
pre-programmed instructions, onboard sensors, or Al
systems'®. UVs with pre-defined operational patterns are
referred to as automatic UVs, while those utilizing Al to
make real-time decisions and act autonomously based
on received inputs are classified as autonomous UVs’.

Autonomous UVs open up new opportunities and
scenarios but face significant regulatory constraints,
particularly in Europe. A key concept in the realm of
autonomous drones is collaborative swarms: groups of
UVs that work together to execute complex operations.
UVs are a broad category that includes unmanned aerial
vehicles (UAVs, or drones), as well as other types of
unmanned vehicles, such as unmanned ground vehicles
(UGVs). The miniaturisation of components and the
development of smart technologies led to a parallel
increase in the use of drones for consumer and general
aviation activities in the 2000s2°. Indeed, remotely
piloted platforms, typically affordable, lightweight drones
equipped with cameras and other sensors, have become
increasingly accessible and widespread.

The advantages of the use of UVs in agriculture
Today the use of UAVs and UGVs in agriculture allows to
improve agricultural practices, allowing for the monitoring
of crops, land mapping and resources optimization. For
this reason, both historical manufacturers and new
start-ups are heavily investing both in aerial and ground
platforms.

Indeed, the use of autonomous UVs in agriculture
offers significant advantages and considerable
potential. Robotic platforms reduce the need for human
involvement, cutting costs in the medium to long term
despite their high initial setup expenses.

(54)

These vehicles excel in efficiency, handling tasks more
effectively than human operators and performing actions
that might otherwise be impossible or highly demanding.
For instance, long-term monitoring can be consistently
managed by autonomous systems, eliminating the need
for dedicated personnel.

Operating 24/7, UVs surpass human capabilities
constrained by rest and breaks, covering more ground
faster and boosting overall farm efficiency by automating
repetitive, time-intensive tasks.

Autonomous UVs also present disadvantages. Their
complexity often results in high initial costs and
maintenance expenses, alongside a certain degree of
unreliability. Furthermore, their performance tends to
depend heavily on the degree of control and predictability
within their operating environment. This reliance on
controlled settings is a significant limitation, as real-world
agricultural conditions are often dynamic and variable®'.

Therefore, the benefits offered by using unmanned
platforms relate to various aspects of the agricultural
frame, resulting in positive outcomes and effects across
the entire production chain.

o Accessibility: UVs, particularly UAVs, are often more
cost-effective and accessible than traditional manned
platforms. They enable tasks that are otherwise
challenging or too expensive using conventional
methods. Additionally, most commercial UV platforms
require minimal maintenance, do not demand large
storage spaces, and need fewer supplementary
resources.

°o Increased efficiency: UAVs and UGVs streamline
operations by saving time and reducing labor
costs. They can efficiently cover larger areas faster
than humans or traditional machinery. Tasks like
surveillance and mapping can be performed remotely
with high-quality outputs, effectively replacing teams
of operators.

o Safety: Unmanned platforms reduce the risks faced
by workers in hazardous conditions, such as handling
heavy machinery or operating on difficult terrain. This
minimizes the likelihood of workplace accidents.

o Precision agriculture: UVs play a vital role in precision
agriculture by facilitating data exchange networks
and enabling tasks with exceptional accuracy.
Integration with satellite navigation systems and other
technologies helps optimize resources, reducing
water, chemical, and input use while boosting yields?2.

Tasks and operations

The operations that can be performed by UGVs vary
according to platform design, configuration, equipment,
size and usage. Intuitively, UAVs are primarily employed
in monitoring and mapping roles due to their aerial view,
while UGVs can perform contact tasks.

(55)

o Crop monitoring and classification: UAVs excel in
aerial data collection, delivering rapid and high-
resolution insights, while, UGVs provide valuable
ground-level data, such as soil moisture and nutrient
content, complementing the aerial perspective.
Accurate crop-type classification, essential for
yield estimation and resource optimization, benefits
from the integration of diverse sensors, including
Synthetic Aperture Radar (SAR) and RGB cameras.
These technologies also allow early detection of
health issues or diseases',?3,

o Water monitoring: UVs equipped with thermal
or multispectral cameras and LiDAR detect water
levels and assess irrigation systems. They measure
parameters like temperature, quality, and depth,
creating 3D models of waterways for effective water
management.

o Input release: UVs can ensure precise application
of fertilizers and pesticides, minimizing resource
waste and enhancing plant growth. UAVs and UGVs
carry out this task efficiently, with aerial platforms
suited for wide coverage and terrestrial platforms for
precise applications. The main limitation is container
capacity.

o Soil analysis: UGVs are capable of collecting soil
samples, providing detailed data on composition and
chemical content. This information supports efficient
resource use and improves farm productivity.

o Planting and seeding: UVs can automate planting
processes, enhancing efficiency and precision.
Direct seeding by UGVs uses drills or planters to
place seeds at specific densities and depths. UAVs
perform aerial seeding for large or hard-to-reach
areas, accelerating the process while maintaining
accuracy.

o Harvesting: ground unmanned platforms can assist
in harvesting through mechanical tools or by guiding
operators, increasing efficiency on challenging
terrains. These vehicles can also control weeds by
moving soil around plants to inhibit invasive growth.

Case study: HiveDock

The following section examines HiveDock, a system
developed as a thesis project in Integrated Product
Design at Politecnico di Milano in 2023 by Matteo Mojoli.
HiveDock offers a modular, highly customizable, and
flexible system for agricultural drones, designed to
enhance the efficiency and sustainability of farming
practices. At its core is a docking station network that
enables agricultural enterprises to autonomously perform
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operations using unmanned platforms, addressing both
current and future challenges.

This integrated system automates operational cycles,
optimizes resource consumption, and boosts agricultural
productivity. It is tailored to fit the fragmented agricultural
landscape of Italy, employing a digital fabrication and
distributed production model.

This approach guarantees high levels of adaptability and
scalability, ensuring that the platforms and network can
be customized to meet the specific needs of diverse
agricultural contexts. By incorporating standardized
components and leveraging digital fabrication
techniques, the docking stations can be easily upgraded
or tailored to address local requirements.

The HiveDock system consists of several integrated
elements. The basic element is the functional unit.
The functional unit comprises the minimum functional
components necessary for managing UV operations
autonomously: the docking station, the unmanned
vehicle, and the power source.

Thanks to a modular design, these docking stations can
be assembled differently depending on the type of UV
used either for UAVs or UGVs.

A modular customisation aspect also allows each
station to be equipped with specific subsystems and
components depending on the necessities.

The integration of 2 or more units leads to the definition
of a HiveDock network, within which an exchange of
information, data and commands takes place.

A network is an adaptable system that can be modulated
and parameterized to suit different operational
contexts. The modifiable elements include parameters
like distances, base densities, and mounted modules.
The integration of this network within an agricultural
production environment completes the system.

Therefore, the HiveDock network is part of a broader
ecosystem, interfacing with various elements and actors
that inhabit these contexts. The system operates on
a three-level layering model consisting of hardware
platforms operating in three domains: terrestrial, aerial,
and orbit. The UVs collect data and information that can
be analyzed on a dashboard, allowing more centralized
resource and instrumentation management. This data
can actively be used to manage the irrigation water
network, locate specific interventions, and optimize
processes.

Two HiveDock stations: the one on the left is designed for

aerial platforms, while the one on the right has been adapted
for ground platforms.

(56)

The docking stations’ design was guided by two
main principles: ensuring a high level of flexibility
and modularity, and adopting an open manufacturing
approach. Functionally, the docking stations are built
to fulfill three key roles:

1. Sheltering: The stations feature an internal
compartment primarily designed to house and
protect the UV when it is not in operation or
undergoing recharging.

2. Supportoperations: They are equipped to recharge
vehicles and efficiently manage charging and
operational cycles across all stages.

3. Integration: The stations facilitate data collection,
enable communication, and enhance positioning
accuracy through the use of Real Time Kinematic
(RTK) positioning systems.

Stations can communicate with each other, exchanging
data related to weather or ongoing operations. The data
collected by the stations and UVs can be managed
centrally.

Each docking station is equipped with a single board
computer (SBC) that receives information from four
sources: docking station sensors (rain sensors,
anemometers, thermometers), digital platform (user
interface and direct user inputs), unmanned Vehicles
(though specific sensors and instruments) and other
docking stations.

(57)

UVs and Distributed Design

The development of the Hivedock project is not solely
technical or technology-driven. Instead, it explores the
interplay between design, automation, and people.

The rapid inclusion of unmanned vehicles in civil
contexts brought together two initially distinct realities:
UVs and humans. This relation is embedded within the
framework of human-robot interaction, which can be
defined as a field of study dedicated to understanding,
designing, and evaluating robotic systems for use by
or with humans?4. Comprehending and evaluating UV
systems for use by or with human users is essential for
understanding the role that design can assume in the
field of unmanned platforms.

In the field of human-robot interaction, there is one
concept particularly relevant to this analysis, that of
social drones, autonomous platforms which operate in
close proximity to human users or bystanders?s.

Recently, research on social drones has followed a
trend of rapid growth. Indeed, the spread of UVs and
the emergence of increasingly autonomous platforms
is becoming a significant phenomenon. Typically,
three categories of individuals interact with a robotic
platform: operators, recipients and observers. These
three categories present great differences in needs,
demands and approaches.

Image showing the relationship between a commercial UAV
and an aerial docking station.



Design, therefore, must intervene at various levels,
addressing aspects and factors related to each
category. For example, operators denote a certain
sensitivity to technical aspects such as physical and
digital ergonomics, interface and user-friendliness, while
the recipients focus on the perceptive aspect. Indeed,
these individuals may have different levels of acceptance
towards driverless platforms.

These aspects include the concept of perceived social
role. Studies most commonly suggest that people are
inclined to and comfortable using a “pet” metaphor for
interacting with drones, using gestures and voice-based
interactions?®. Also in this field are several perceptive
factors and elements that influence an individual’s
perception, such as aesthetics, flight patterns or noise.

It is relevant to emphasise that there is a big difference
in the perception of the different types of UGVs. Indeed,
the use of UGVs may be perceived as less intrusive and
more socially acceptable than UAVs, which may be seen
as more invasive and threatening.

Within this framework, two types of design approaches
can be distinguished. The first consists of a targeted and
localised intervention on individual technical or product
solutions, according to a classic technology-driven
design approach. A different approach, which is the
one envisaged within this article, consists of a systemic
approach, where UV becomes a component of an
integrated system in which the individual is positioned at
the centre and in which they are the primary beneficiary.
In this case, the design focuses not only on technology
but also considers the social, environmental, cultural
and regulatory aspects that influence the use of social
drones.

This systemic approach requires a more comprehensive
view of design based on empathising with users and
understanding their needs, desires and expectations.
In this way, design can help create innovative and
sustainable solutions that enhance the user experience
and respond to the needs of the broader context. Design
can contribute to creating solutions that improve people’s
quality of life and promote the sustainable development
of the social drone sector.

Within this framework, an open and distributed design
approach emerges as particularly relevant, especially
given its suitability for the agricultural UV context. Digital
fabrication, along with distributed and open-source
models, enables high levels of adaptability, a critical
feature in fragmented agricultural landscapes, such as
Italy’s.

By leveraging these models, the use of UVs becomes
significantly more accessible at both individual and
consortium levels. The costs and complexities of the
network are distributed across a broader user base,
facilitating adoption and integration.
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This diffusion throughout the territory, combined with
integration with local manufacturers, has encouraged
the adoption of open-source methodologies for several
components of these systems. The ability to produce
and customize parts through distributed manufacturing
models is among the most noteworthy and impactful
aspects of this approach.

Thanks to its modular nature, a network like HiveDock
can undergo continuous improvements and substantial
upgrades. This evolutionary process positions HiveDock
as a ‘primordial’ template, one capable of adapting
to local needs, specific requirements, and technical
advancements. Modularity, customization, and digital
manufacturing capabilities are pivotal elements that
allow the system to evolve and respond effectively to
diverse agricultural contexts.

Case study: Open Farmer Kit

Open Farmer Kit originated as part of an Integrated
Product Design thesis at Politecnico di Milano in 2023,
conducted by Valentino Stella. In 2024, the project
was further developed in collaboration with Davide
Formenti, Matteo Mojoli, and Lorenzo Silvestri as part
of the Distributed Food Factory initiative, supported by
Polifactory and the Distributed Design Platform.

The starting point of the project

The project addresses three key trends. The first
involves the advancements and innovative technical
solutions introduced in contemporary agriculture by
three technological forces covered previously: data
analysis, connectivity, and automation.

The second trend focuses on agricultural models that
leverage biodiversity to develop ecosystem services
while minimizing reliance on mechanical and chemical
interventions. This approach involves increasing species
diversity and using cover crops to enhance ecosystem
resilience and functionality?”. To effectively manage these
systems, among others, three fundamental properties of
agricultural ecosystems must be addressed:

1. Diversity-redundancy: Managing planned
biodiversity within agricultural fields, including
utilizing edge areas for floral strips, can enhance
ecosystem services such as biological control of
weeds and pests?® 10 29 30,

2. Connectivity: Connectivity among biophysical
entities influences the flow of matter, organisms,
and energy, impacting overall system performance.
It facilitates species dispersion, habitat connectivity,
and life cycle completion'.

3. Slow variables: Managing slow variables, such as
soil organic matter and trophic networks, is critical

for influencing associated fast variables like nutrient
and water cycling. Effective management of slow
variables supports short-term dynamics (e.g.,
nutrient availability), medium-term dynamics (e.g.,
soil structure), and long-term system functions (e.g.,
organic matter accumulation and trophic network
dynamics)32.

The third centers on the emerging concept of resourceful
cities, where local food production is increasingly seen
as a critical component of urban sustainability. Cities
are evolving toward more sustainable, efficient, and
integrated models, where incorporating nature and green
spaces into the urban landscape provides opportunities
to address future challenges in urban living®® *4. Food
production in urban areas, particularly horticultural
crops, is increasingly recognized in local, national, and
transnational governance as an important contributor
to food security®2.

However, the benefits produced by the presence
of urban agriculture within cities do not stop only at
contributing to local food security; it provides other
important ecosystem services in other areas. This form
of urban greenery is important in climate and pollution
mitigation and environmental restoration. Cities are
typically simplified ecosystems that are intensively
developed, presenting low rates of native biodiversity.
Dedicated urban agriculture spaces can bring diversified
green infrastructure back into cities®s. They thus
contribute indirectly to the quality of urban life and the
redevelopment of urban spaces through actions such as
regulating the microclimate, regulating the water cycle,
and reducing urban pollution.

However, this integration faces significant obstacles,
as urban environments are often less hospitable to
agriculture compared to rural areas. High levels of
pollution, intensive human activity, and limited available
space complicate agricultural endeavors, potentially
leading to outcomes detrimental to human health and
the environment?e.

Open Farmer Kit seeks to address these challenges
through a dual approach. First, it aims to adapt the
principles and technologies of Agriculture 4.0—typically
designed for large-scale, intensive farming—to the
context of urban micro-farming to reduce chemical
inputs and maximize biodiversity services. By readjusting
advanced technologies from agricultural machinery and
robotic platforms, the project enables the automation of
specific processes and the collection of comprehensive
data on soils and crops. This allows urban agriculture to
achieve similar resource optimization and product quality
improvements as in large-scale agricultural systems.

Second, the project aspires to equip cities with tools
for monitoring the health of their urban ecosystems.
This supports more informed decision-making
regarding urban activities that may negatively impact
public health and environmental quality. By integrating
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tools for environmental monitoring and biodiversity
management, the project promotes a model of urban
agriculture that optimizes the local ecosystem while
minimizing dependency on external inputs. By focusing
on soil biodiversity and the management of long-term
variables, Open Farmer Kit aims to establish a resilient
and sustainable agricultural system within the urban
context.

The structure

Open Farmer Kit is a semi-automated, open-source,
modular station powered by renewable energy sources.
It is designed to operate with flexibility, enabling data
sampling across various areas of interest. Built using
readily available electronic components and technologies
commonly found in maker spaces—such as 3D printing
and laser cutting—it maintains a low production cost of
approximately €1000 per kit. This affordability enhances
its accessibility and adoption by a wide range of end-
users.

Open Farmer Kit consists of five modular components
and an integrated energy harvesting system. Four of
the modules are dedicated to collecting data critical for
urban cultivation and microclimate monitoring, while the
fifth is responsible for data and energy management.

o Air Monitoring Module: Measures parameters such
as temperature, humidity, and levels of atmospheric
particulate matter (PM 2.5 and PM 10).

o Soil Monitoring Module: Deals with the monitoring
of soil health and fertility. It is equipped with the
HI3895 soil test kit from Hanna Instruments. The kit
reliably measures the most important elements for
plant growth, namely pH, nitrogen (N), potassium
(K), and phosphorus (P). The module contains the
essential materials for analysis, such as testers,
pipettes, test tubes and result comparison cards.

o Moisture Monitoring Module: Measures soil moisture.
It is equipped with a moisture sensor, a GPS to
geolocate the measurement, and a LoRa module to
send the data to the Operational module. A slider
allows the farmer to slide the sensor into the ground,
while a stake on the side helps secure the module
and stabilize it during the testing phase.

o Bio Monitoring Module: Observes pollinator activity
and diversity in the surrounding area. It is equipped
with a PIR motion sensor, a camera, and an SD card.
On the front of the module is a flip-top with colored
stickers that act as an attractor for pollinators. When
it detects motion, the PIR sensor gives input to the
camera to take a picture, which is saved on the SD
card. A Velcro strap allows the module to be placed
in different places by attaching it to poles, trees,
branches, or various supports.



These four modules are designed to be mobile and
detachable from the main station, allowing flexible
deployment. The collected data is transmitted to the
Operational Module, which is fixed to the station. This
module is responsible for data storage. It is equipped
with a LoRa module for receiving data, an SD card for
temporary data storage, and a WiFi shield for uploading
data to the server, ensuring centralized and accessible
information management. It also oversees the system'’s
energy management, including charging the mobile
modules and storing energy harvested via the solar
panel. The energy harvesting system supports the
station’s autonomous operation, enabling sustainable
use in urban agricultural contexts. The entire structure is
designed to be compatible with Arduino, as the sensors
chosen can all be operated with Arduino boards.

A distributed approach for democratizing
agricultural innovation

Open Farmer Kit exemplifies how design can serve
as a tool for redistributing knowledge, value, and
technologies. Its development was guided by two central
objectives, both rooted in the principle of redistribution.
First, the kit aims to democratize access to technologies
that have driven the latest agricultural revolution,
particularly connectivity and smart sensing. While these
technologies have shown transformative potential in
large-scale agriculture, they remain challenging to
implement in small-scale contexts due to high costs and
barriers to accessibility. By adapting these innovations
for urban micro-farming, Open Farmer Kit makes
advanced agricultural tools more accessible to a broader
audience.

Second, the project seeks to disseminate critical
information about the health of urban ecosystems.
By providing tools for environmental monitoring, the
kit empowers citizens to make informed decisions,
enables municipalities to design policies that protect
land, biodiversity, and public health, and helps farmers
optimize resource use.

Building on its foundational principles, Open Farmer
Kit adheres to an open-source philosophy in both its
production and distribution. The kit is entirely producible
using 3D printing, laser cutting, and readily available
components (e.g., fasteners and electronic parts)
that can be sourced from the market. Production
files, including 3D models for the modules, Arduino
programming scripts, and electronic connection
diagrams, are freely accessible online, enabling
fabrication in any well-equipped fab lab.

This open-source approach not only fosters a more
equitable and sustainable integration of technology
and knowledge in urban agriculture but also ensures
the project remains adaptable to future advancements.
Potential developments include the integration of more
precise sensors, improved loT communication systems
for greater reliability and efficiency, and PCB-based
electronic systems. These advancements could further
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Open Farmer Kit (2023, Politecnico di Milano, Davide Formenti).

optimize the kit in terms of spatial requirements, cost
efficiency, and energy consumption, enhancing its
usability and impact.

Agriculture is facing immense global challenges, and
meeting them requires a fresh approach that combines
technology, sustainability, and community-driven
solutions. Digital agriculture, powered by tools like
data analysis, connectivity, and automation, has the
potential to completely transform how we grow, share,
and consume food. These innovations can help farmers
work smarter, produce more efficiently, and significantly
cut down on environmental harm, setting the stage
for a future where agriculture is both sustainable and
inclusive.

Projects like HiveDock and Open Farmer Kit show how
technology and design can tackle these challenges in
meaningful ways. HiveDock demonstrates how modular
systems and unmanned vehicles can make farming more
efficient and adaptable, especially in rural areas with
fragmented landscapes. Open Farmer Kit, on the other
hand, aims to adapt the principles and technologies
of Agriculture 4.0 to urban agriculture, helping city
dwellers grow food sustainably while improving their
local ecosystems. Both examples highlight the power
of integrating local needs with advanced technologies
to deliver broad social, environmental, and economic
benefits.

As agriculture evolves, the key lies in striking a balance
between technological innovation, environmental
care, and social fairness. Open-source and distributed
design principles are making advanced tools and
knowledge more accessible, empowering rural and
urban communities alike to actively participate in this
transformation. By fostering collaboration and prioritizing
sustainability, agriculture can become a driving force
for global resilience, feeding people today while
safeguarding the planet for tomorrow.
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Image 4 & 5 ) Moisture module in the foreground with the Air module

attached to the charging station.

Bio module (2023, Politecnico di Milano, Davide Formenti).
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