Digital trends applied to the
vine and wine sector

A comprehensive study on the digitalisation of the sector

0IV Digital Transformation Observatory Hub

November 2021




This report was prepared for the International Organisation of Vine
and Wine by Minsait Business Consulting in the framework of the
implementation of the OIV Digital Transformation Plan.

Disclaimer: The information and views set out in this publication
are those of the experts and should not be considered as the official
opinions or statements of the OIV or of the OIV Member States. The OIV
does not guarantee the accuracy of the data included in this publication.
Neither the OIV nor any person acting on the OIV’s behalf may be
held responsible for the use which might be made of the information
contained in this publication.

You can copy, download or print OIV content for your own use, and you
can include excerpts from OIV publications, databases and multimedia
products in your own documents, presentations, blogs, websites
and teaching materials, provided that suitable acknowledgment of
OIV as source and copyright owner is given. All requests for public
or commercial use and translation rights should be submitted to
stats@oiv.int.

© OIV publications, 1st Edition: November 2021 (Paris, France)
ISBN 978-2-85038-062-4

OIV - International Organisation of Vine and Wine

35, rue de Monceau

F-75008 Paris - France

E-Mail: stats@oiv.in




Contents

1. Foreword
2. Executive summary
3. Purpose and methodological approach
4. An introduction to the digital revolution
5. Goals of digitalisation
6. Main digital trends in the vine & wine sector
6.1. Internet of Things (IoT) / Sensorisation
6.2. Artificial Intelligence
6.3. Robotics
6.4. Satellite Imagery / Geographical Information Systems (GIS)
6.5. LIDAR (Laser Imaging Detection And Ranging)
6.6. Blockchain
6.7. E-Label
6.8. E-Certificate
6.9. Smart Storing
7. Country insights on vine and wine sector digitalisation
8. Conclusions
Glossary

Bibliography

61

68

7i

g

81

82







Pau Roca

Director General of the International Organisation of Vine and Wine (OIV)
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Fomrd

“The OIV shall be an
intergovernmental organisation of
a scientific and technical nature”

Agreement of 3rd April 2001, establishing the
International Organisation of Vine and Wine,
Article 1.2.

From its foundation in 1924 the scientific and technical
mission of the OIV has always been at the core of its
activity. The research in chemistry and microbiology
in wine, first started by Pasteur, the father of modern
oenology, was continued by his successors, which led
to the creation of its strong foundations. The evolution
of this, lead to a biochemical approach that has been
applied to many of the observations relevant to wine and
plant physiology in vine.

In the second part of the 20th century, new disciplines
of life sciences entered in the scope of knowledge for
the work of the OIV, and genetics took its turn into the
classification of vine varieties and the study of yeasts
and other relevant microbes.

By the end of the nineties, some observations moved
the eye back from the microscope and amplified the
focus to understand the vineyard and oenology in
terms of balance of the systems and self-regulation
which brought to light ecology and economy and the
perspective of sustainability.

The approach of the OIV has always been one of taking
advantage of the most recent evolution of all scientific
knowledge and using the most innovating tools offered by
technology to mankind. As a consequence, this research
leads to the identification of standards or orientations,
when necessary. Science and its implementation being
universal, provide a common language for humanity.

At present, digital tools and data science are driving the
most innovative evolution of our society, in our lives
and the economy. We are at a point in time where man
has created new capacities and has even been able to
transfer these human capacities to machines, thereby
making artificial intelligence possible.



The speed of digital transformation is so high that
disciplines unknown a few years ago have been appearing
and new discoveries may arise.

Vitiviniculture may be adapting at a different rhythm
and at different stages, in some cases the sector may
be subject to profound disruption. In a changing
environment, the reactions of the sector may be fearful
and hence even conservative, but at the same time it is
important to be mindful that these new technologies
and capacities that we obtain, will offer invaluable
opportunities, analytical and prediction tools and will
accelerate all procedures.

If we want to continue being relevant to the producers
and consumers, the OIV needs to expand its influence,
reach new horizons, continue to analyse procedures
and enhance cooperation amongst actors. For this, the
OIV needs to acquire expertise in all relevant digital
sciences and technologies, like we have done in the past,
from our experts and delegates of our Member States.
Creating a paradigm shift through the proposal of digital
innovations in the vine and wine sector shall enable the
OIV to extend its impact and scope to new geographical
territories, such as Asia.

Given the characteristics of the wine sector and the
interest of the consumers on the integrity and choice
of distinctive information, particular attention should
be paid to distributed ledger technologies (DLT). Given
its enormous capacity for traceability and transparency
regarding the origin and processing of wine, this system
can be perceived as truly revolutionary. In theory, if a
digital footprint can be initiated from the vineyard,
consumers would be able to search for all available
information related to the identity of the product and
its processing from “grape to glass”.

New concepts like big data and artificial intelligence
need to be internalized and quickly transferred to a
new generation of OIV experts. To elaborate, one of the
most pressing issues of current times is climate change,
and the challenges it poses can be addressed more
effectively if we incorporate these scientific disciplines
in our attempt to analyse and forecast volatilities and
provide improved services to our Member States.

When new opportunities arise, temptation for new
regulatory interference may appear. In the OIV, we
need to anticipate these situations by increasing our
support in ensuring fluidity in information exchange
and promoting understanding and expert capacity to
attain transformative outcomes from research in this
area of digital knowledge.

With this purpose in mind, we are working as decided
strategic plan 2020-2024, where digital
transformation appears as a catalyst - more properly an

in our

enzyme - to accelerate the kinetics that will allow the
vitivinicultural sector, its producers and consumers, to
adapt to a world threatened by the climate change crisis.



Executive
summary
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The International Organisation of Vine and Wine (OIV)
has launched a new digital observatory hub aimed at
identifying the main trends in digitalisation and how
new technologies can be applied in the vine and wine
sector. The initiative aims to provide updates on the
digital /technological trends taking place in the vine and
wine sector, and seeks to engage scientists by providing
them with more insights. This is aligned with the OIV’s
strategic plan for the period 2020 - 2024, which is built
around six main axes, of which Axis V is “facilitating the
digital transition of the sector”

This report is a study of the current state of development
of new technologies in the vine and wine sector and of
new digital trends. It is based on expert interviews and
on a quantitative survey on digital trends completed by
experts from OIV Member States.

The report analyses different technologies used across
the stages of the value chain: vineyard, winery and
distribution. Artificial intelligence, robotics, satellite
imagery, Internet of Things (IoT) and blockchain are
some of the technologies included.

For each one a definition has been included, as well as

its application in the sector and their future prospects.

From these experts’ interviews and questionnaires, it
can be concluded that digitalisation has already started
transforming the sector, while adoption across all stages
of the value chain is different but continues at high rate.
However, there are a number of challenges to overcome
before reaching a higher maturity level (i.e. lack of public
initiatives support, high implementation costs for small
producers and low end-user commitment).

Digital transformation offers an opportunity for the
sector to gain efficiency, transparency, productivity,
open itself to new business models/value propositions
and improve in sustainability. However, it requires
large investments in terms of skills, capital and time
hence the slow transition. It is yet to be seen how this
transformation will shape the vine and wine sector,
but this report gives an overview on how the main
digital trends throughout the whole value chain are
transforming the status quo.
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This publication provides an overview of the status of a
set of technologies identified by different experts:

Internet of Things, Artificial Intelligence(*), Robotics,
Satellite Imagery, LIDAR(*), Blockchain(*), E-Label,
E-Certificate and Smart Storing.

To this end, research has been carried out to broaden
knowledge on the most advanced digital trends and
technologies(*) in the sector.

This report has been prepared through interviews with
leading experts in each field and a survey on digital
trends that has been completed by the experts from OIV
Member States:

) Glossary

10

1. Expert interviews

A selection of experts on digital trends in the vine and
wine sector were interviewed to find out the maturity
level of their specific technological field of expertise, the
main challenges that the technologies are facing in their
implementation in the vine and wine sector and all the
benefits that they bring today and those that will bring
in the coming years. The information gathered served as
the basis for this comprehensive report.

2. Questionnaire to experts from OIV Member States

A survey was sent to experts belonging to the OIV
Member States to gather first-hand information on
prevalent digital trends in the vine and wine sector in
their country. The results of this questionnaire yielded
interesting conclusions about the benefits, the maturity
level and future of each technology at each stage of
the value chain, and served as the basis for an overall
study of the progress and impact of digital trends and
technologies in the sector.



An introduction
to the digital
revolution
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The XXI century is characterised by the continuous

development of technologies, the emergence of
digitalisation and the definitive take-off of the internet.
All these factors have created a new socio-economic

and business context—the digital revolution.

Digitalisation has been identified as one of the major
trends that will reshape society and the global economic
systeminthenearandlong-term future. Today,economic
growth goes hand-in-hand with the exploitation of
technologies and information, while digitalisation is
increasingly covering more and more fields of business
activities and creating new opportunities for the social
and economic development of organisations.

John Sviokla, a well-known author and US advisory
innovation leader, said: “the Internet is one of the most
complex things ever created. It takes human organisation
to another level. Thus, the digital transformation® will
trigger a completely new revolution that will transform
organisations

" Glossary

and governments, and lead to extraordinary wealth
creation around the world®”

In broad terms, digital transformation is the integration
of digital technology into all areas of an organisation
to add value to society, change the way it operates
and how it delivers value to companies, its products,
supply chain, processes, employees and customers.
It is a cultural change that requires organisations to
continually challenge its status quo and think outside
the box, having the ability to act and react to changing
conditions and strategies in order to evolve and succeed.

Current trends in digitalisation are bringing big
changes that can range from finding new business
models, opportunities and making existing processes
more efficient or affordable, to pursuing disruptive
opportunities to boost the state of an organisation’s
current operations. In other words, digitalisation is not
only about digitalising existing processes, but also about
rethinking current operations in light of the new outlook
brought about by digital technology.

O Kravchenko, O., Leshchenko, M., Marushchak, D., Vdovychenko, Y. and Boguslavska S. (2019). The digitalisation as a global trend and growth factor

of the modern economy. Ukraine: SHS Web of Conferences



Over the last ten years, agricultural technology has

witnessed a dramatic rise in investment, with 6.7 billion

dollars invested in the last 5 years and 1.9 billion in the

last year alone®.

Today’s agriculture is continuously increasing the

standardisation of more sophisticated technologies-

which include satellite imagery, GPS technology, robots,

and temperature, moisture and other sensors.

All these advances are helping agriculture to be more

efficient, safer and more environmentally friendly.
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Goals of
digitalisation




Some of the main objectives behind the drive for

digitalisation are increased efficiency, transparency,
productivity, new business models / value propositions

and sustainability.

Efficiency

The vine and wine sector as a whole can benefit from
advances in technology, but these require significant
investments in time, money and new capabilities. This is
often the main reason behind its slow uptake.

Main objectives behind the drive for digitalisation

Productivity

Transparency

15

Sustainability




1. Efficiency

Increased efficiency has clear benefits, such as
managing and using scarce resources more efficiently,
reducing the wuse of environmentally unfriendly
products (these two also promote sustainability), as well
as improving an organisation’s ability to communicate in
a more agile way, hold meetings or share and download
documents with ease. Digitalising manual processes has
become a key issue for the development and survival of
organisations. Today, artificial intelligence and robotics
are taking over repetitive tasks, helping organisations
reduce operational positions and shifting employees
to more value-adding activities and achieving work
efficiencies.

In the case of the vine and wine sector, this has been
reflected in an improvement in the different stages of
the value chain, such as obtaining data in the vineyard
on the state and quality of the grapes, increasing
production capacity or improving manual distribution
processes through technologies such as smart storing.

2. Productivity

Increasing annual production with the same resources
is one of the main goals of any sector, and today this is
strongly linked to digitalisation. Increasing production
has a direct and positive impact on the performance
of countries, sectors and organisations. Examples of
productivity gains through digitalisation are, the ability
to work across organisations from different countries,
and time savings on import/export issues (due to the
ease of applying for permits and modifying regulations,
etc.).

Another example of these digital improvements is the
high capacity to collect data for further exploitation
leading to improved decision making allowing the vine
and wine sector to improve productivity in the winery
by reducing costs and, thanks to data collection in the
vineyard, to make better decisions when deciding when
to harvest the grapes for the next winemaking process
in the winery.

3. Transparency

Transparency is a major concern for all governments,

organisations and consumers,
greatly to achievement through
technologies that play an essential role in improving

transparency by making information more accessible to

and digitalisation

contributes its

a wider audience. Fraud control can be carried out more
efficiently, for example, through greater control over
paperwork between customs offices.

) Glossary
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End consumers are also able to interact directly with
organisations and have direct information about
production stages (for e.g. through blockchain), which is
a clear benefit for end consumers.

One example of increased transparency for consumers
in the vine and wine sector is the e-label, which thanks
to a QR code allows a greater inclusion of information
that traditional labels allow.

4. Value proposition and new business models

The digital
opportunities for many sectors. New products and uses

transformation has opened up new

emerge every day and technology developments can
accelerate the obsolescence of old business models,
which can be quickly replaced. One such example of
a new business model is digitalisation in retail, where
digital transformation is increasingly focused on the
customer rather than the product and combines
customer experience with operational excellence. To
meet these needs, physical stores must tap into their
strengths while leveraging digital solutions. Operational
excellence is at the core, offering products to customers
at affordable prices, at the right time and using fast and
cost-effective supply chains.

Thanks to the digitalisation of the sales channels (i.e.
online), consumers are now able to buy products
more easily. For example, crates of bottles can now be
delivered directly to their homes without the customer
needing to go to a logistics centre or point of sale.

Finally, another important factor is the improvement
of services. With the implementation of digitalisation,
organisations will be in a position to provide better
services to their members, keeping them better
informed, and allowing them to interact more directly
and efficiently.

5. Sustainability

Sustainability is another goal of digitalisation and they
go hand-to-hand to improve the vine and wine sector.
Some visible examples are regenerative agriculture,
which helps to improve soil quality while contributing
to climate change mitigation, or new water cycles
(colleting, using and regenerating the water).

In addition, the circular economy(*) offers many new
opportunities to help wine companies shift their
sustainability applying
three clear principles: avoid using limited resources
and creating waste and other forms of pollution; keep
products and materials in use for as long as possible and
at their maximum possible value; and regenerate natural

business model towards

systems.



1. Challenges for the sector regarding
sustainability

Promoting local products and the local economy.

Contributing to create economic value in rural areas
by fixing population to the territory.

Guaranteeing rights and good conditions for
employees in the value chain.

Investing in different forms of sustainable mobility in
the distribution process.

Promoting sustainable and efficient production
without pesticides and with the minimum use of
water.

Promoting regenerative agriculture.

Guaranteeing health and value in biodiversity and
terrestrial ecosystems.

Providing new healthy alternatives to the consumers.
New forms of sustainable energy as biofuels.
Reducing waste throughout the value chain.

Considering the climate risk and the impact of rising
temperatures in the production process.

Expert

Adela Conchado

Head of environmental missions at The Overview
Effect (helps companies innovate and create
products and services that generate positive impact
and value for the company at the same time),

with experience in decarbonisation

strategies, active demand management,

and circular economy

innovation.

2. Challenges for the sector regarding
sustainability

* Regenerative agriculture: improving soil quality
and contributing to climate change mitigation.

Maximum use of biological production: winery as
a biorefinery. There is already a tradition of reuse
in the sector that could be largely extended by
identifying high-value applications: natural dyes,
extracts for the food sector, biomaterials including
bioplastics, biofoams or biotextiles, etc.,

Product eco-design and marketing model:

New packaging formats (reusable, returnable,
compostable, recyclable) and new product access
formats that promote circularity: subscription,
“bulk”, “milk-man” model...

Optimising the life cycle of facilities, infrastructure,

machinery and equipment.

Water cycle: collection, use and regeneration of
water.

Minimising energy consumption and renewable

“In the vine and wine sector, we are seeing very interesting lines of
innovation that have to do with regenerative agriculture, which improves
the quality of the soil and therefore the productivity of the vineyard and
in turn helps to mitigate climate change”

Adela Conchado
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6.5. LIDAR (Laser Imaging Detection
And Ranging)

6.6. Blockchain

6.7. E-Label

6.8. E-Certificate

6.9. Smart Storing
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Experts

Daniel Seseina

He leads the Industry 4.0 digital offering at
Minsait from Indra (one of the world’s leading
global technology and consulting companies),
including the development of solutions in this
area. He accrues over 20 years of international
experience in technology, business and operations
consulting, leading digital, strategic and
operational transformation projects, with a focus
on operations, supply chain and processes.



Phases of value chain

VINEYARD

WINERY DISTRIBUTION

oI
02

A. The technology

The Internet of Things (hereinafter, IoT) describes the
network of physical objects (things) that incorporate
sensors, software and other technologies in order to
connect and exchange data with other devices and
systems over the Internet. These devices range from
common household objects to sophisticated industrial
tools®.

In recent years, IoT has become one of the most
important technologies of the 2Ist century. Everyday
objects can now be connected to the Internet using
devices, enabling communication between people,
processes and objects through mobile technologies and
exploit big data aided by low-cost computing, advanced
analytics and cloud. In a hyper-connected world, digital
systems can record, monitor and adjust every interaction
between connected things. The physical and the digital
areas work hand in hand and cooperate with each other.

The development of sensor technology offers the
possibility to a large number of devices to coexist and
work together exchanging information (e.g. soil and
water conditions for efficient use of water, irrigation
management, etc.). However, there is still no automated
control of the entire winemaking process. Today, the
concept of smart vineyards refers to new measurement
tools based on the collection of a multitude of data
by using wireless sensors (eventually combined with
satellite or drone images and powered by Artificial
Intelligence).

Wireless sensors — that are very important for smart
vineyards — are used to collect different measures
within an area. With regard to vineyards and wineries,
they can be implemented directly in the soil, embedded
in vine trunks or placed among leaves, depending on
the data to measure, to help improve productivity and
climate prediction.

The IoT applications can be classified according to their
place in the value chain:

Vineyard

One of the main reasons for using technological
solutions in vineyards is to reduce risks during
harvesting. Most of the sensors and satellite imagery
currently used in vineyards focus on vine quality control
and meteorological aspects: monitoring soil and water
conditions for efficient water use, irrigation management
and weather forecasting. It also allows monitoring key
parameters such as ambient temperature, wind speed,
relative humidity, leaf wetness, soil moisture and rainfall.

There are also many applications thanks to the
combination of technologies such as drones and
infrared and multispectral images for pest control in the
vineyard. For example, many wineries already combine
sensor data (humidity, temperature, soil conductivity
and vine quality) and satellite imagery to monitor key
environmental factors for the harvest in real time.

Another application of the Internet of Things is to
make the sector more sustainable and regenerative
by optimising water use, eliminating pesticides and
measuring soil quality.

All of this technology helps mitigate the adverse impact
that environmental conditions have on plants.

Winery

The main objective of using sensors in the winery is
to control all the relevant parameters for a correct
winemaking process and to guarantee a quality product.
Due to changing weather conditions, each year the
product, even though it is made in the same way, has
certain differences. Sensorisation enables monitoring
the winemaking process in real time. Small modifications
can be made to achieve a product that is as close as
possible to what is desired.

© Oracle (2021). Supply Chain Management / Internet of Things. Spain, Official Oracle Website
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“One Of the use cases Of the ﬁTSt Current methods mostly irllvolve testing in winer.ies
stage Of the value chain would be outdoors. However, what wine makers are demanding
the image recognition technologies,
which have a fundamental role in the
production process to reduce waste.
IoT sensorisation technology plays
an important role in the first stage of
the value chain. It deals with aspects

nowadays are sensor-based online systems to carry
out the evaluation of the fermentation process without
needing laboratory facilities.

There are sensor technologies and methods for
monitoring the process with the potential to improve
wine quality and reduce costs. Machine vision systems
are used in the bottling, capping and labelling process

Of Lt?ater and "Tlg ation emCI?n01?S’ to meet quality standards—as are production order
as it exploits big data and climatic planning systems, systems for integration and control of
variables and their integration in the number of bottles passing through a production line

the production processes to improve and machine error control systems.
water efﬁczency and the promston Of Sensors can be used in wine cellars to monitor the ageing
the nutrients needed by the vney ard. of wine, including the key factors of temperature, light
The idea is that I0T can play a very and humidity. Temperature is particularly important as
important role in ’improving efﬁciency even the slightest fluctuations can alter the oxidation of
and reducing the negative impact on the wine and therefore significantly affect the quality.
the production process. It can enable

the data collection and aggregation ~  Distribution
Of lnf ormation and the development In the distribution phase, IoT also has considerable
Of dashboards fOT lmpTODed decision- advantages when it comes to improving logistics to boost

making. It can impr ove efﬁciency to efficiency and reduce costs. Examples include transport
improve the quahty and regeneration management systems to control and optimise all the
Of the soil and can demonstrate how the <company's logistics flows or computer vision solutions
agricultuml sector has a key role in the to control the incoming flows and in-plant movements

absorption of COZ2 into the soil”

of raw material and finished product transporters.

Nacho Rivera

Nacho Rivera

Co-founder and CEO of The
Overview Effect, a company that
uses technology and innovation
to promote the sustainability

of all types of companies in a
multitude of sectors.




B. Application in the sector

IoT platforms for data collection, monitoring and
analysis in the wine production environment are
digital platforms capable of handling big data in an
agile way to accelerate advanced analytical solutions:

data standardisation

(ontology and semantics), connection of entities

o Integration: massive
with the physical and virtual world, open
publication (via API and OpenData).

o Analytics: definition and execution of advanced
analytics algorithms via notebooks, centralised
data lake to optimise operations and exploitation
among others.

o Visibility: simple and user-friendly generation
dashboards support the
construction of models and the analysis of

of analytical to

results.

IoT platforms can feature dashboards for the
monitoring of harvest and KPIs, the fermentation
process and tanks, and the bottling process. It
also allows the possible development of advanced
analytical models to allow the prediction of the
impact of weather conditions on the harvest,
development of predictive maintenance models
on assets and the analysis of manufacturing data
(pH, alcohol volume, potassium) and thus prevent
quality risks and cost increases.

Full traceability of the value chain: visibility on
processes, generation of early alarms in case of
deviations and traceability of materials (in-process
product traceability within the plant, unit traceability
of the final product by RFID and quality assurance
of wine to customers with blockchain technologies).
Advanced solutions that integrate physical (sensors)
and logical (IT systems) information to improve
the visibility of operations in vineyards and wine
production plants:

24

o Real-time collection and visualisation of key
production process metrics

o Processes.
o Supply chain detail monitoring.

o Warehouses: detection of actual and expected
stock-outs using computer vision and based on
production orders.

o Transportation: status of shipments from
vineyard to winery and from winery to

distribution.

o Dashboards and generation of alarms in case of
deviations.

Some examples of real cases that are being seen in
wineries in Europe are the combination of sensor
data (humidity, temperature, soil conductivity and
quality of the vines) and satellite images to monitor
in real time environmental factors key to harvest.
Another example is the introduction of various
technologies to improve the production cycle in
the field: combine drones and infrared imaging and
multispectral data for information on the maturity
and quality of the grapes and use artificial vision for
the selection process.

C. Technology in the future

The vine and wine sector is looking towards IoT. The

technological revolution is in all sectors and it was not

going to be left out of something as traditional and

avant-garde as the world of wine.

Different wineries are applying new technologies to

improve the quality of their products, creating within
this world smart wine.

Some of the different components, which a few years

ago were too expensive for many small and medium-

sized wineries, have now become more affordable, while

the systems are easier to install, manage and maintain.



This is the perfect combination for sensors and advanced
robotics to be used to control wine quality.

As previously mentioned, sensor systems are already an
important part of the digitalisation process in the vine
and wine sector. They will continue to be important
after the implementation of other new technologies
that rely on collected data—such as artificial intelligence
or robotics— and will make the information gathering
process even more critical. The main question is how to
handle and make all this information useful. Data alone
is worthless, unless it can be properly managed and
interpreted.

“I believe that the adoption of digital technologies will
be asymmetric in the three key areas (field, plant,
distribution) depending on the profile of the company. In
smaller companies focused on the value of the product, the
adoption of digital technologies will focus on those that
favour traceability (guarantee of origin of their product)
or quality (prediction of harvests, time of harvest, etc.).
For their part, larger companies will combine the above
with technologies that make the production process
(maturation and bottling) of their wines more efficient.”
Daniel Sesena.

“Wineries will continue to maintain
their classic appearance (tradition),
but they will implicitly integrate
digitalisation, incorporating advanced
sensory and analytical elements that
will enhance control of the quality and
efficiency of the entire wine process ”

Daniel Sesena

:
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Experts

Dr Karly Burch

She is a Research Fellow at the University of Otago’s
Centre for Sustainability in Dunedin, Aotearoa New
Zealand. She holds an MSc in agroecology from the
Norwegian University of Life Sciences and ISARA-Lyon
(an Erasmus Mundus double degree programme), and a
PhD in sociology from the University of Otago.

José Luis Florez

Al leader at Minsait from Indra (one of the world’s
leading global technology and consulting companies)
and Chairman of Dive, has had a dual career, combining
entrepreneurship and executive roles in big-sized
corporations. In his entrepreneurial activity, he founded
companies such as Neo Metrics, , Dive —formerly
Touchvie or more recently Plaiground, all of them with
significant contributions in the application of Al and
ML to make companies smarter; while at the same time
assuming global advisory and executive roles in Al in
large international corporations such as Accenture and
Minsait.



Ganesh Padmanabhan

He is an accomplished technology and business executive
with a strong track record of bringing disruptive
technologies like cloud, big data & Artificial Intelligence
(AI) in Fortune 500 companies and startups. He is
currently involved with several Al startups and the host
of Stories in Al show, where he interviews 50+ innovators
and practitioners on Al every year.

Dr. Bernard Chen

He is a Professor of Computer Science Department at
the University of Central Arkansas, USA. He received

his PhD. Degree from the Georgia State University in
Computer Science with Bioinformatics concentration in
2008. His research is mainly focused on interdisciplinary
data science projects, such as Bioinformatics and
Wineinformatics. He has authored over 80 peer reviewed
research papers.
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A. The technology

Artificial Intelligence (hereinafter, Al) is a branch of
computer science concerned with building smart
machines capable of performing tasks that typically
require human intelligence. Al is an interdisciplinary
science with a wide range of applications. Through its
use of machine learning and deep learning, Al is creating
paradigm shifts in many sectors of the economy.
Similar to human brains, Al learns from experience by
using advanced algorithms and software to identify
patterns or features contained within large amounts
of data. Al is strongly dependent on sensor technology
as the information used to identify patterns and make
predictions.

Artificial Intelligence (AI) plays a central role in the digital
transformation of society and is now a priority. Its future
applications are expected to involve major changes, but
Al is already used for a number of tasks on vineyards, in
wineries and for distribution.

Vineyard

As far as the application of Al in vineyards is concerned,
Al software provides valuable insights into “quantifiable
aspects (e.g., size, yield) and other conditions on
vineyards. Machine intelligence, along with data received
from sensors and imagery, enables winegrowers to
improve many aspects involved in vineyard management.

For example classifying vineyards according to grape
variety (distinguishing the grape variety by observing the
characteristics of the fruit, the grape. The shape of the
bunch; the stalk; the size, shape and colour of the grape,
the seed, the type of skin, the taste, etc...); the care and
optimisation of crops through sensors and
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images that can provide information to support the
adjustment of treatments by helping winegrowers to
control yield and measure grape type, pinpointing the
optimum time to harvest grapes and guarantee quality.

This technology,
technologies such as sensorization, can bring many

if properly merged with other

benefits. It can gather, interpret and learn from collected
data, helping farmers to make decisions based on facts
and predictions.

Winery

In wineries, Al collects data received from sensors and
uses it to improve production. Having real-time control
of inventory and barrel conditions allows for optimal
production scheduling based on the analysis performed.
This can help wineries to maximise their productivity
and can contribute to more sustainable production.

Thanks to the information received about barrel
conditions, Al is able to determine or predict wine
quality based on the distribution of its components,
track the maturation process in the barrels and perform
a sensory analysis of fermentation products (acids). This
can directly affect the productivity of the winery by

saving time and money.

Distribution

In the last stage of the value chain, wine marketers use Al
to reach the end customer, changing the way consumers
buy wine, understanding product preferences and
generating disintermediated direct channels to the end
customer that will ultimately benefit productivity.

One interesting use in the marketing phase is that of
virtual reality applications and devices. Wine tourism
can be promoted through these applications. Consumers
can participate in virtual reality wine tastings, where,
for example, by wearing virtual reality glasses, they can
be immersed in the vineyard or winery while tasting
different wines in the comfort of their own homes.
This could generate new opportunities for the vine
and wine sector. Potentially, it could attract investors
interested in the development of this technology, as
well as new customers open to having this kind of
experience. Another example of potentially interesting
Al technology is the “virtual sommelier”, which makes
recommendations according to individual consumer
preferences.



“What’s really driving Al to the
forefront today, is an intelligence
revolution we are in. The world has

become far more complex than it was
even a few centuries ago, and making
sense of it, thriving in it, will require

humans to seek ways to expand our

intelligence spectrum to do more with
what we have. We now have the tools

and the infrastructure to codify that

human knowledge and intelligence that

are uniquely human into non-living

things with software and that is what

this is all about”

Ganesh Padmanabhan

B. Application in the sector

Given the many sources and the sheer amount of data

collected through different technologies,

artificial

intelligence is required to manage and process all the

data collected before it is managed and displayed in a
way that is useful for decision making.

Complete crop monitoring and management
application to optimise production and consumption
of resources for wine growing, using various
techniques (computer vision, predictive models) and
data from various sources for: control of the ripening
cycle and harvest planning, pest control, adequacy
of actions and minimisation of their consumption
(irrigation, fertilisation,etc.) with the following
functionalities:

o Crop life cycle management: crop sensing for
monitoring with machine vision (pest detection,
break-ins, fruit ripening, etc.) traceability of
materials and objects using machine vision or
blockchain.
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o Predictive models: results of actions according to
action history and previous context, prediction
of harvest date, prediction of pest spread,
etc. to make decisions on crop care, avoiding
unnecessary consumption, or harvesting.

o Dashboard: control interface with graphics and
alerts, interactive and customisable.

o Data collection: based on IoT (sensor system in
the crop), manual input or by voice with speech
to text technique.

Process monitoring to increase the efficiency of the
company’s own assets and production processes and
the quality, using sensor technology and artificial
intelligence, providing: process visibility, intelligent
alerts for immediate action, traceability of materials
and objects, security, optimised storage:

o Tank control: real-time temperature control with
sensor technology; predictive tank maintenance
and leakage control by using computer vision;
algorithms for real-time alerts and warnings.

o Warehouse and inventory management: storage
optimisation with a variety of techniques:
- Computer vision with alerts in case
of
dimensioning of openings and products,

object label

shortages, space optimisation with

warehouse  security, and

recognition (individual products).

- Alert engine for warehouse or procurement
actions.

- Integration between warehousing systems,
database inventory and purchasing systems.

Traceability of the production process in the wineries
and of products (food health), with global vision for
production and cost efficiency, and anticipation of
incidents:

o Physical security in plants and warehouses with
computer vision: detection of PPE, inclination
of machines and objects, proximity to machines,
smoke, fire, leakages, floods, anomalous behaviour
(aggressions, theft), accidents,...

o Traceability of materials with computer vision,
blockchain or graphs.

o Predictive maintenance with computer vision:
detection of surface defects, uncoupling, changes
of state etc.



Bernard Chen is conducting ongoing research in
the field of viticulture that focuses on using the
computational wine wheel to process wine reviews
in human language format from professional wine
reviewers. Once the reviews are processed into
computer recognizable format, tens of thousands
of wines can be analysed all together by artificial
intelligence algorithms to discover the correlation
of wine sensory components with grade and price;
the difference of soil of wine region or country;
the weather impacts on wine. The future goal of
this research is to combine wine sensory reviews
from different sources with chemical analysis data
on the reviewed wine to discover the connections
between two wine evaluation methods. In this way,
different professional wine reviewers’ review logic
and reasoning can be analysed and summarized
through Al so that the wine review process can
be done automatically through the input of the
chemical analysis of a wine. This would remove all
subjective information and make the wine review
process objective allowing the consumer to have
more objective information about the wine he/she is
going to consume.

“We expect a major change in this
industry. Furthermore, within the

European plans, the agricultural sector

is strategic and we want to make

extensive use of Al. With technological

applications and solid management,
it will be one of the sectors with the
greatest impact in the coming years”

José Luis Florez
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C. Technology in the future

Al is rapidly evolving today and is expected to transform
industrial processes and value chains in ways yet to be
imagined. However, in general, Al is still at an early stage
of development and adoption in many sectors. Thus, it
is not that the vine and wine sector is lagging behind,
but rather that, in general, most industries are in the
embryonic phase of Al. Therefore, the potential for
future growth is high.

“In the future, we will be able to obtain
objective wine reviews and grades from
Al and machine learning”

Dr. Bernard Chen



Karly Burch’s In-Depth
Interview

She is a Research Fellow at the
University of Otago’s Centre for
Sustainability in Dunedin,
Aotearoa New Zealand.

1. What are you currently working on? What are the implications of artificial intelligence technology and
its applications in your research?

I am currently working on the MaaraTech Project—a large-scale, transdisciplinary project collaboratively designing
(co-designing) robotic and human assist technologies with Al capabilities for wine-grape vineyards, apple orchards
and blueberry orchards in Aotearoa New Zealand. The project is based out of the University of Auckland under the
leadership of Professor Bruce MacDonald. It is funded primarily by the New Zealand Ministry of Business, Innovation
and Employment (MBIE), with co-funding from industry partners.

I am currently team co-lead (alongside Professor Hugh Campbell) and research lead of the project's Community
Technology Adoption Team. Our team is responsible for supporting co-design processes and providing critical
sociological and science and technology studies (STS) insights into the drivers and barriers to technology adoption.

Our project is designing technologies to assist with three labour-intensive tasks that include decision-making: wine-
grape vine pruning, apple fruitlet thinning and blueberry harvesting. These technologies include a virtual reality
(VR) training headset (e.g., to train agricultural workers in pruning wine-grape vines and thinning apple fruitlets),
an augmented reality (AR) headset to assist work (e.g., to make pruning decisions on behalf of agricultural workers,
supporting their work out in the field), and fully automated robotic technologies that can complete these tasks
on their own. While the three case studies and tasks help to focus technology development within the project,
the technologies are also being designed to support growers with other tasks of interest (e.g., identifying disease,
estimating yield) which have been identified within co-design workshops with growers and industry partners.

2. What is the state of development/implementation of this technology, especially in the wine sector?

While the fully autonomous robotic technologies are a few years away, the VR training tool our team is developing is
getting close to the stage of commercialization, particularly for use in the wine-grape industry.

3. What are the main benefits that this technology can bring to the sector?

Wine-grape pruning is a hugely laborious task that needs to be completed annually within a particular seasonal
timeframe. Each vineyard may have its own ways of pruning, meaning that training workers on the particular pruning
strategy of a particular vineyard is extremely important. The purpose of the VR headset is to support with training
agricultural workers to complete these tasks. One of the most difficult aspects of training workers is that training
takes place using real wine-grape vines, meaning that mistakes made during the training process have actual material
consequences on vineyards. The VR training tool would allow workers to make mistakes within a virtual world before
making real cuts on vines, something that is very important to growers. We have received a lot of interest from
industry partners, growers and agricultural trainers who would like support with streamlining and standardizing
their training processes and, thus, see value in this technology.

32



4. Do you see any possible /clear drawback to the application of this technology?

At this point, we have yet to conduct usability studies on the VR training tool, but we are hoping that the training
tool will be both usable and useful for all end users, particularly on-the-ground end users who may be using the tool
in their everyday work: agricultural trainers, supervisors and workers. One aspect that we have to keep in mind is
that there can be bias designed into technologies, so we need to use VR headsets that can accommodate all people
without discrimination. For example, some VR headsets are designed particularly for men, and can result in women
suffering higher rates of cybersickness, which would not be ideal for vineyards with a commitment to gender equity.
As cybersickness could result from using VR technologies, our project team members are also thinking of other ways
to conduct the training without the headset (e.g., through a touchscreen device).

As social scientists, our team wants to better understand how the VR training tool might transform everyday work
on vineyards and orchards, and have begun conducting interviews with possible on-the-ground end users of this
technology: agricultural trainers, supervisors and workers (seasonal and regular) involved in wine-grape pruning.
We think these interviews with possible on-the-ground end users are extremely important to better understand
the nuances involved in the everyday use and possible adoption of the VR training tool. In thinking about possible
drawbacks, vineyard managers and trainers will need to train the VR training tool to ensure their desired pruning
techniques are being taught to workers. This may involve a time investment at the outset. These are all things that
we continue to consider and hope to improve as the technologies are being developed with input from industry
partners, growers, trainers, supervisors and workers.

5. What could be the bottlenecks faced in the implementation of this technology in the sector?

Moving from proof of concept to commercialization seems to be a struggle. The desire to capture IP in order to
successfully commercialize a technology can also cause disruptions within co-design processes. For example, if IP
needs to be protected, it is difficult to discuss particular aspects of technologies with possible end users who have
not signed non-disclosure agreements. This can hinder the ability of technology producers to remain responsive to
the needs and desires of possible end users and wider societal actors. Therefore, technology developers engaged
in co-design need to be skilful in how they protect IP, while also remaining responsive to the needs of research
collaborators. I am also personally interested in questions of data governance, and how to ensure new technologies
(particularly those developed with public funding) respect the data sovereignty of possible end users (there is
currently a lot of abuse around data mining and data grabbing in AgTech).

6. Is there a sector in which it has been already successfully implemented? Which one? Why do you think
it has been successful there?

VR has been used for training in fields such as healthcare and construction. These kinds of trainings allow workers
to engage in pre-training before going out and learning /making mistakes in the real world.
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7. What are the main applications of this technology in the vine and wine sector? What tools and resources
would be needed for these applications?

Use case 1: VR training headset

* How does it work?
It is a tool to train agricultural workers on how to prune wine-grape vines according to the specific
style/instructions of the vineyard they will be working on.

* What is the operational model: who uses it and how?
The technology would be used to train agricultural workers who will prune wine-grape vines.

¢ Who would bear the investment and what is the return on investment?

Individual vineyard owners, or agricultural training or recruitment organisations would potentially
purchase these technologies.

Use case 2: AR human assist headset

* How does it work?
It uses machine learning to assist agricultural workers in pruning wine-grape vines: the headset would
determine pruning cut points and let agricultural workers know where to make cuts on a vine.

* What is the operational model: who uses it and how?
It would be used by agricultural workers out in the field.

¢ Who would bear the investment and what is the return on investment?

Individual vineyards owners, or agricultural training or recruitment organisations would potentially
purchase these technologies.

8. To what extent do you think this technology will be implemented and embraced by the wine sector in
the next 5 years?

According to my colleagues, the VR training tool and potentially the AR headset could be commercialized and adopted
within the wine sector in the next five years. The fully autonomous pruning robot will need more time to develop.
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Expert

Albert Strever

He is working as a Senior Lecturer in Viticulture at the
Department of Viticulture and Oenology, Stellenbosch
University. He also coordinates the Agricultural Faculty’s
Innovation and Informatics initiatives and previously did
research in Grapevine Cultivation and Remote Sensing.
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A. The technology

Cambridge defines a robot as a “machine controlled by
a computer that is used to perform jobs automatically”.
Robots are able to assist humans or replicate human
actions. In the beginning, they were used to perform
monotonous tasks, but have evolved to perform more
complicated actions that ease different types of work.
All robots have different levels of autonomy, from
human-controlled bots that carry out routine tasks that
a human has full control over, to fully autonomous bots
that perform tasks without any external influences.

In the wine industry, high-tech robots equipped with
artificial intelligence are becoming an essential part
in minimising, for example, the effects of drought,
fluctuating temperatures and changes in harvest
schedules. They are more precise and quicker than any
human winegrower is.

When talking about the applications and benefits
of robotics in the vine and wine sector, a series of
applications can be developed according to its position
in the value chain:

Vineyard

With regard to planting (traditionally a two-man
process), robots punch a hole in the ground with a hollow
metal tube and deposit the seeds using a compressed
air mechanism. Once planted, robots can monitor
factors such as grape yield, vegetative growth and grape
composition in vineyards.
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By doing this, a map showing the quality of the crop
in specific zones can be created and, when it comes
to increasing yield, preventing disease or controlling
excess growth, vines can be pruned and pesticides
can be applied efficiently using robotics. To perform
these tasks, a 3D image of the plant must be computed,
allowing machines to move along the vines, pruning and
fertilizing.

Just as planting, monitoring, pruning and fertilizing
vines can be automated; the task of harvesting grapes
can be also carried out by robotics, by shaking the vines
and collecting the grapes as they fall from the vine.

The IoT applications can be classified according to their
place in the value chain.

Winery & Distribution

In the final stages of the value chain, the use of robots
is common in many warehouses, and for some logistics
centres, it is necessary to efficiently track inventory
within many warehouses in different locations helping
to increase the productivity of the distribution stage.
Through smart storing—which refers to the automation
of warehouses through robotics and Al, and smart
shops—the final stage of the wine life cycle is considerably
improved. As distribution and commercialisation are
more efficient due to time savings and automation of
operational work making tasks run autonomously due to
the integration with artificial intelligence, increased task
security, control and optimise all the company’s logistics
flows, improved inventory control capability, etc.

“With the latest advancements in
this technology and improved energy
efficiency as well as lowered cost in
recent years, it is believed that in the
next three to five years these systems
will become more viable and will have
a far greater impact on the vine and
wine sector”

Albert Strever



B. Application in the sector

In recent years, the use of drones and robots, two
increasingly common technologies in the vine and
wine sector, have become commonplace. For the past
two years, a Spanish winery has been using drones in
its vineyards to create a vigour map to determine the
maturity and quality of the grapes and identify the
optimal time for harvesting.

Elsewhere, the Polytechnic Unit of Valencia (Spain)
presented an autonomous vineyard-monitoring robot
as part of the Vinescout project. The device is a model
that assists wine producers in measuring key vineyard
parameters such as the water status of the vine, leaf/
canopy temperature and plant vigour. This new robot
combines 3D vision with ultrasound sensors and
artificial intelligence, resulting in more precise driving.

Another example from a winery in southern Europe is
the implementation of transport management systems
to control and optimise all the company’s logistic flows
of the company, also has implemented artificial vision
and robotics solutions to control the incoming flows
and movements in the plant of raw material and finished
product transporters.

Interactive use case

Drones and image recognition technologies to
reduce losses and guarantee the quality of the
product. Example: Ponte da Boga
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C. Technology in the future

In some sectors, such as the automotive industry, this
technology is highly developed and plays a crucial role.
However, this technology is at an early stage in the vine
and wine sector, as until now there have been several
challenges in applying this technology. These include the
high costs, the lack of technological culture in the sector
and a lack of professionals trained in the technology.
Another issue is the high-energy consumption of the
robots, which means they do not have a long autonomy
of use. Also, the practicality of use and maintenance may
favour the use of i.e. autonomous electric tractors, which
may gradually automate more and more to become more
like robots.



Satellite Imagery /
Geographical
Information
Systems (GIS)
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Experts

Benjamin Bois

He is an assistant professor at the University of
Bourgogne-Franche-Comtg, in Dijon, France. He
teaches viticulture, GIS, terroir and climatology at

the Institut Universitaire de la Vigne et du Vin (IUVV).
His research, carried out at the Climate Research
Center (Biogeosciences Laboratory of the University of
Burgundy), focuses on the relationship between climate
and viticulture, with particular interest in climate
change impact on viticulture, climate zoning methods
and the role of climate in the terroir effect.

Julian Chambouleyron

Julian is the President of Gisworking SA Owner of
AMANDES SAS. Master of science (MSc) Geoinformation
systems at Faculty of Geo-Information Science and
Earth Observation (ITC) of the University Twente.
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A. The technology

Images taken by satellites (or satellite imagery) are
used for a wide range of purposes such as cartography,
geo-positioning, studying climate change, geographic
surveys, etc.

In recent years, the use of wide-spectrum satellite
imagery for the benefit of the agricultural sector
has become increasingly widespread. This has been
particularly boosted since the start of the European
Union’s Copernicus Earth observation project- a project
where a series of Sentinel satellites have been launched
into space tasked with generating a vast amount of
information on growing conditions and plant health
used to improve farm efficiency.

Satellite imaging technology has improved significantly.
Radar images of land and sea can now be captured —
day and night, and in all types of weather conditions—
using the new technologies and the various cameras
fitted to these satellites. Thermal images and infrared
images overlaid with the other images can provide a
comprehensive picture that yields a vast amount of
accurate information on the state of the terrain, crops,
etc.

Images obtained from these satellites can be displayed
with combinations of bands or spectral indices. The
most common index is the NDVI, also known as the
green or vigour index. Another lesser known but equally
useful index, especially when the green index is over-
saturated, is the GNDVI (chlorophyll index). These
indices can provide a lot of information about the state
of the crops, how ripe the crops are, and what type of
crops are being grown on each plot of land.
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Satellite imagery in the field of agriculture, and more
specifically in the vineyard and wine, have many
applications and benefits. These benefits are not only
passed on to producers, but also provide great benefits
to governments, consortia, cooperatives and the whole
sector in general.

“Digital cartography, together with
robotics, drones and GNSS (global
navigation satellite systems such

as GPS and Galileo) time and space

precision improvement have opened a
new era for viticulture”

Benjamin Bois

“We are no longer talking about
precision agriculture, we now discuss
digital Agriculture. We believed we
could cope with digital by the extensive
use of satellite imagery at beginning
and drones nowadays...Now we are
adding robotics and even IOT. Still
not enough. My interpretation is that
we are missing something crucial on
adding all those technologies together.
And that is that, we forget to put all
the pieces of data we collect here and
there together into one place, to make
valuable decisions”

Julian Chambouleyron



For producers, having accurate images of the field that
are renewed in a short period of time represents a
considerable advantage, as it allows them to know the
state of their crops, diseases, lack of water, or ripeness
in real time.

“It allows to reduce inputs in the vineyard (pesticides,
fertilizers and herbicides) through an optimized spreading
of products. Combination of these technologies with
the generalization of “easy-to-use” devices such as
smartphones makes it possible for grape growers to set
up traceability systems for following up management
practices, as well as grape quality, grapevine growth
and diseases development. Besides, progress in robotics
together GNSS and digital cartography has led to the
production of autonomous trailers. Theses light machines
limit soil compaction and reduce labour intensive tasks
for vineyard workers.” - Benjamin Bois

The progress in satellite imaging technology now makes
it possible to see what lies beneath the canopy layer,
even the ripeness of the fruit under the leaves, as is the
case with vineyards, coffee or fruit plantations.

When combined with artificial intelligence and the
Internet of Things, this technology can create predictive
models, which farmers can use to predictannual harvests,
anticipate severe weather, quickly and accurately detect
diseases or pests, and learn from the history of previous
years to increase or improve harvests.

For governments and institutions, this technology
facilitates and favours the control and delimitation of
land, and precise and autonomous knowledge of the
type of crops in a given territory. It is a very useful
tool to improve environmental and rural management,
especially if national or state subsidies for agriculture
are available.

Satellite imagery is an established technology that has
significantly evolved and improved over the last few
years, greatly increasing its applications and accuracy.




B. Application in the sector

An example of a real case of the use of satellite imagery
in the agricultural sector is the Corine Land Cover
(Coordination of Information on the Environment or
CLC) project. 39 countries participate in this project as
of today.

Since the mid-1980s, digital satellite images of the
European Union Member States have been collected and
evaluated uniformly according to land use, with special
focus placed on land use changes and environmental
issues.

These images are subsequently made accessible to the
public for use and interpretation in different areas.

However, although it relies on remote sensing imagery as
a data source, it is in fact a photointerpretation project
(i.e. not an automated classification project). Its main
purpose is to facilitate decision-making on territorial
policy within the European Union.

Another example is the case of MED-GOLD. Climate
change is causing new patterns in global meteorological
conditions, which are already greatly affecting
many aspects of our society. Although it is a global
phenomenon, nowhere in the world is climate change
expected to have such dramatic ecological, economic
and social consequences as in the Mediterranean
basin, where climate projection scenarios indicate that
they will be higher than the expected average values,
putting biodiversity and anthropogenic activities such
as agriculture at risk. Against this background, the
agricultural sector in particular is especially vulnerable,
as it is highly dependent on climate and therefore very
sensitive to any variation. The most likely scenario will
increase the risk of crop failure and pest damage, as well
as extreme weather events such as storms, floods or
heat waves. Immediate action is therefore needed to deal
with these uncertain forecasts. MED-GOLD’s challenge
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is to develop tools capable of managing more resilient,
efficient and sustainable agri-food systems. This
requires the development of climate services to support
decision-making and the implementation of good
agricultural practices. MED-GOLD aims to translate
all the accumulated knowledge on climate data and
forecasting - on a seasonal scale and beyond - into
accessible and high added-value information for a wide
range of end-users in the agricultural sector.

A Geographical Information System (GIS) is a very
intuitive tool for modelling digitally agricultural fields.
The fields, crops and plants are defined in a geographic
inventory data model. Then, it can be connected to
external systems by means of WMS -WFS standard
geographic protocols where you can get tons of existing
data from satellite, soils, water, etc. Then watering
systems and meteo stations can be connected by means
of IoT and you can see how your GIS polygons and point’s
KPIs become valuable.

C. Technology in the future

Satellite imaging technology, unlike many of the
technologies mentioned throughout the report, is
a technology that is already at an advanced stage of
maturity.

In the coming years images will be captured with higher
resolution or using technically superior cameras or
different spectrums, and this technology is not expected
to undergo any radical changes in the short/medium
term.

The evolution and development of this technology is
certain to become widespread, as will the integration
with other different technologies (IoT,
intelligence, etc.) and new applications and uses.

artificial



