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Od Prumyslu 4.0 k Zemédélstvi 4.0

* Plan pro Primysl 4.0

* Pohled do sveta

* Podpora v navigaci — GSA

* Kolaborativni robotika

* Decentralizace zdroju

e Zemedeélstvi 4.0 — Swarms of Agribots?
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Source: Ralf Wehrspohn, Fraunhofer Institute
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4. Prumyslova revoluce

Industrie 4.0 - IT merges with manufacturing technology

Cyber Fsingle Source of Truth IT-Globalisation
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*PLM Systems = Data distribution ~—{Ehy
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Source: Ralf Wehrspohn, Fraunhofer Institute
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Fraunhofer - ,Layer Mode

Dimensions of Industrie 4.0: Fraunhofer »Layer Model«

Enterprise Transformation

= Business models
= Management
= Human resources

Information and Communication enabling Technologies
» Standardization

» Data rates and low latency communication

= Data and cyber security

= etc.

Data-driven Production Technologies for Industrie 4.0
» Cyber-Physical-Systems

= Machine Learning in Production Processes

= Autonomous Systems

= etc.

Source: Ralf Wehrspohn, Fraunhofer Institute
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Potencial a vyzvy novych technologii

Global economic potential of the Internet of Things
Size in 2025, $ trillion’

Nine settin h i O Low igh
gs where added value is expected estimate estimate

Factories - eg., operations management, predictive maintenance T 1.2-3.7
Cities - eq., public safety and health, traffic control - 0.9-1.7
Human - eg., monitoring and managing illness, improving wellness i 0.2-1.6
Retail - eg., self-checkout, smart customer-relationship m 0.4-1.2
Logistics — eg., logistics routing, autonomous vehicles, navigation [ 0.6-0.9
Work sites - eg., operations management, equipment maintenance i 0.2-0.9
Vehicles - eq., condition-based maintenance, reduced insurance ] 0.2-0.7
Homes - eg., energy management, safety and security B 0.2-0.3
Offices - eg., augmented reality for training | 0.1-0.2

Total $ 4 trillion - $ 11 trillion

'Adjusted to 2015 dollars, for sized applications only; includes consumer surplus.
Numbers do not sum to total, because of rounding willion 1 000 000 000 000 (= 10'2) bilion

Source: McKinsey Global Institute analysis, June 2015



Potencial a vyzvy novych technolog

Directions for the future of manufacturing
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Player Situation Goals Means
Industrie 4.0 | Germany | Growing Leadership in Integrating
competition Cyber-Physical- ICT into

Systems

manufacturing

Industrial USA, UK |Service-centred |Re-industrialization |Adding
S L2 :

Internet EZ == economy manufacturing

4 B to ICT
Full East Asia |Labour Cheaper, faster, Using robots for
Automaggn @® (o, [shortage, less labour manufacturing

O, N *:i
@%‘ - rising labour
|®| costs

Source: Ralf Wehrspohn, Fraunhofer Institute
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Pozadavky na vyrobu rizenou daty

Requirement: Standardization
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Source: Ralf Wehrspohn, Fraunhofer Institute
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Potencial strojového uceni

Machine Learning for optimized production processes
BIG DATA —> SMART DATA —> KNOWLEDGE —> ADDED VALUE

-3 Industrie 4.0 gﬁ%}

- Deep "
Training Q > Learning %}O

3| Healthcare *
>| Logistics .\gﬁ

fu]

Big Data ElElE 5| Complex
Architectures = Knowledge

Bat ?| Reasoning iék
Resources >
5| Smart )
Enterprise .ll

Raw Data —> Information —> Decision —>  Productivity

Source: Ralf Wehrspohn, Fraunhofer Institute



Ekonomika 4.0

New Business Models Based on Different Data Sources
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Pharma

Automotive

Commerce

Production

= Pharmaceutical
companies

= Pharma. research
= Healthcare Provider
= Physicians

Parties involved

= Diagnostic data,
pathologies

» Therapy
information

Data

Source: Ralf Wehrspohn, Fraunhofer Institute
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» Automotive suppliers
= Traffic control center

= Cities and
municipalities

= Retail

= Consumer industry

= Logistics provider

= Transport vehicle
pools

New Business Models

= Location,
Destination

= \/ehicle data
= Traffic data

= Transport data

= Environmental
data

= Automobile
manufacturers

= Suppliers
» Logistics provider

= Product-,
components data

* Planning data
= Transport status

Agronomicka
fakulta
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Integrace lidi a stroju ’

Developing Industrie 4.0 competencies

Challenges:

Utilization of Industrie 4.0 applications for competence development and real-life
learning environments

Requirements

B Process understanding, integration and real-time synchronization of processes
throughout the product lifecycle

B Transversal skills development and training (IT, electronics, mechanics etc.)
B Generic competences about organization, communication and cooperation
B High flexibility and decision-making capability

Solutions for competence development: Fraunhofer »FUTURE WORK LAB«

Project work, simulations Learning factories 4.0
Hors lm gy o=
v = Shin A Y i |t
-;,.!\?t.\/‘” p ¢
mﬁ-
() —

Source: Ralf Wehrspohn, Fraunhofer Institute



Spolecnost 4.0 - budouchost

Challenges and Chances for Implementation of

Economy and Industry 4.0

Latency Tactile Internet,
Data Rates Intelligent Grids

Trusted
Networks

 Compatibility Standards

Source: Ralf Wehrspohn, Fraunhofer Institute

Industry 4.0

Process Chains

Innovative
Business
Models

Branches

Economy 4.0
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Nutnost celozivotniho vzdélavani lidi ’
Two thirds of people surveyed lack the skills to succeed in technology-rich
environments
-Increasing importance of inter-disciplinary
education and research?
: m very low skills or opted
- out of the test
2 out of m low skills
3
people
lack medium skills
skills
for the
digital m solid skills
A
-But it is not only about balancing skills supply
and demand.
-More interaCtion With induStry as the Source: Andrew W. Wyckoff, Director for Science, Technology

and Innovation at OECD,

knowledge content of production rises?
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Socialni vyzvy — Japonska vize spole¢nosti 5.0

Strongly promoted by Council for Science, Technology and Innovation; Cabinet
Office, Government of Japan

Super smart society

Service platform " The 5 walls to ‘break through’

in moving to Society 5.0

P socal Ministries and Agencies
il implementation ¥
f.Sta'r;ta!zrdlza:‘t:’og b & Utilization of
oring fo s e standard data Leg al system
L peeas -
Strengthening e a;!'d‘ et

development of information Human resource “ {upda:,_: &ﬁy echnologies

communication platforms development

Regulatory and
institutional reform
for new services

Human resources

Social acceptance




Role navigace v hodnotovém Agro-retézci

A Policy
Legisfation and
implementation

Research and
Innovation

Agrifood
Industry

Manufacturing
and Supply

Service
Providers

Role in Agricultural Value Chain

Prime User
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National w °

Governments

National Paying
Agenties Farmers
Organisations -
Mational Contral
Organisations R&D

Organisations
Industry R&D

Traders Food
companies

Dealers and
Distributors

Agricultural
Farm Management Input Suppliers
Solution & Application Tractor and
Providers component
manufacturers

Remiote Sensing
Providers

Advisory
Services
Soil and Cr
e Sampling Labs Livestock

Farm Regional Mational Europe Global

Scale of Operations F

Reference: GSA-MKD-AGR-UREQ-233667, Agri-Report-on-User-Needs-and-Requirements-v1.0
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Pozadavky na presnost GNSS - aplikace a technol.

LER N

Field Delineation
Automatic

Commercial DGNSS

Machinery
: Guidance Soil Sampling -
GNSS —ee — :
in Agriculture : :
Applications : Variable Rate Application — High Livestock Tracking
E Harvest Monitoring Geo-traceability
E : Variable Rate .
Galileo HAS Application— Low .
GNSS : RTK Livestock Tracking Uncorrected GNSS

r

10m

Adapted from UNIFARM

—
3

Tcm 10 cm

Reference: GSA-MKD-AGR-UREQ-233667, Agri-Report-on-User-Needs-and-Requirements-v1.0
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Porovnani satelitnich navigacnich systému

GPS

35 Satellites / 31 Set Healthy

SISE(*) 0.52m (RMS)
(18 Aug 2019 — 15 Aug 2020)

Latest Performance Standard (55 Edition)
published in April 2020

{*) SISE Signal In Space Ranging Error

(ref. ION GNSS+ Sept 2020)

a4

#
.,
8 S K
- ,“n& 2%
8 *
L ! "

I
B A 4 &
-

GLONASS

27 Satellites [ 23 Set Healthy

SISE 1.15m (RMS)
{best week 28/01/2020-05/02/2020)

Latest Performance Standard (Edition 2.2)
published in June 2020

GALILEO

26 Satellites / 22 Set Healthy, all
broadcasting in 3 frequency
bands

SISE 0.15m (RMS)
(0.25m 95%, August 2020)
= BEST ACCURACY
= 2-5times better than other
GNSS

Galileq Service Definition
issued in May 2019,

BeiDou

BD5-2, 15 Set Healthy
BDS-3, 27 Set Healthy

SISE [BlC,fBZa}"ﬂ.lSm (RMS)
{August 2020)

BeiDou 05 Performance Standard wersion 2.0,

December 2018

BD5-3 farmally commissioned on 31/07/2020

Reference: GSA-MKD-AGR-UREQ-233667, Agri-Report-on-User-Needs-and-Requirements-v1.0

QZSss

1GEQ satellite
3 QZ0 satellites (1GSO)

SISE 0.55-0.85m (RMS)
(01/09/2018-18/08/2020)

QZSS Performance Standard rev
002, August 2020
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Swarms of CPS x Large Harvesting machinery
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Precizni zemeédeélstvi z pohledu strojirenstvi

THE BIG PICTURE

* Environmental

Precision Variation

* Analyze &
Ag Compensate -

WHAT COMES NEXT?

(REAL-TIME DATA)

* Repetitive Action

* Flexible Response
to Variation

* Sensor-Driven

Automation

* No baby-
SENSORIZATION Ettlng
Long- Reliability [
Term . Time
Analytics sensitivity

Reference: Machine Design Webinars, Tips to Enhance Motion System Reliability in Precision Agriculture, Bishop-Wisecarver



Precizni zemeédélstvi z pohledu strojirenstvi
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WHERE IS GUIDED MOTION IN AGRICULTURE?

Single Axis (Example: Probing) Multiple Axes (Example: Picking)

One axis of actuation to control the depth Vertical and horizontal guided motion for

of the auger for an autonomous soll the cutting tools on an asparagus

sampler. harvesting robot operating continuously in
the field.

Reference: Machine Design Webinars, Tips to Enhance Motion System Reliability in Precision Agriculture, Bishop-Wisecarver

Cuvrvilinear (Example: Conveyance)

Straight + curved motion path for carrying
product to indexed points in a multi-step
operation (e.g. scanning, trimming,
packaging).
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Precizni zemedeélstvi z pohledu strojirenstvi  °

4

Single Axis (Example: Probing) Multiple Axes (Example: Picking) Curvilinear (Example: Conveyance)

One axis of actuation to control the depth Vertical and horizontal Straight + curved motion path for carrying
of the auger for an autonomous soil guided motion for the cutting product to indexed points in a multi-step
sampler. tools on an asparagus operation (e.g. scanning, trimming,
harvesting robot operating packaging).
continuously in the field. =

© 2020 ALL RIGHTS RESERVED 4
Reference: Machine Design Webinars, Tips to Enhance Motion System Reliability in

py,BISHOP 3,

Precision Agriculture, Bishop-Wisecarver
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Precizni zemedeélstvi z pohledu strojirenstvi  °
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Reference: Machine Design Webinars, Tips to Enhance Motion System Reliability in Precision Agriculture, Bishop-Wisecarver
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Holony a CPS - kyberneticko fyzikalni systémy

* CPS —cybernetics physical systems, digital twins

« Communication of holons, agents straight connected to machinery —
goal orientation

operativni fizeni - Upravana uhli

Control & decision Control & decision

Communication Communication

Super- C
. pe Control Lt
vision ration

Coope- Super-
4 Control . pe
ration vision

Source: RFID International laboratory and ENET Centre, VSB-Technical University of Ostrava
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VR a AR - Virtualni a Rozsirena realita

e CPS —visual models of digital twins

« Communication of agents - straight connected multilevel agents systems
— vizualisation

Source: RFID International laboratory and ENET Centre, VSB-Technical University of Ostrava



Vyzvy 14.0 — Zemédélstvi 4.0

* Dynamic Agriculture 4.0 Control System — Al tools and
principles in Resilient Integration

* New Areas of Al — bottom up process of estimation of
needs from real industrial and business space and
infrastructure

* The smart solutions are not complex — SMEs have
provided partial solutions.

* Al systems are dynamic — depended on LEs
* - knowledge quantity and quality
e - computational technologies
e - existing SW and HW platforms

Source: RFID International laboratory and ENET Centre, VSB-Technical University of Ostrava



Vyzvy 14.0 — Zemeédélstvi 4.0

* Dynamic Agriculture 4.0 Control System — Al tools and
principles in Resilient Integration

* Intelligent network of entities/CPS — autonomous and
parallel activities, virtual twins

e Cutting of the virtual - real border Physical Space
O,

LR

o -~

i =

Materialization by
3D printers

Core Al

gn-making Al ¢ Integration via
% VR and AR
% devices

e

~~_ Cyber Space _.

RS- -

Network-

Source: RFID International laboratory and ENET Centre, VSB-Technical University of Ostrava
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Vyzvy 14.0 — Zemédélstvi 4.0

* Integration of tools and principles of Artificial Intelligence Al
— Cyber Physical Systems — CPS

* New key feature — the CPS has the

* ability of learning — knowledge processing

* Local dimension — machine optimisation

* Global dimension — distributed model of ,World“
e ability of communication

 Knowledge Why? What?

e Coordination of activities — swarm/hord

* Negotiation to global goals

Source: RFID International laboratory and ENET Centre, VSB-Technical University of Ostrava
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Vyzvy 14.0 — Zemédélstvi 4.0
* New key feature — the CPS has the Rl pefomance equcements f gh volume device aplcations

Continuous

Continuous development —

e System ,ls alive” — new features ~ .

* Sharing and creation of knowledge . - T
* Digital twin — creates the Virtual space é ~
 Use of external services ” oo prs

* Total interconnection B

* |oT, loS, lloT, ... loEverything :
. 2

Social dimension — cooperation with people ~ ., o
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Vyzvy 14.0 — Zemédélstvi 4.0

* New key feature — KNOWLEDGE INTEGRATION

Need of global digitalisation - networks
Virtualisation — integration or knowledge resources
Optimisation — knowledge learning — algorithms

Partial algorithms nested in knowledge systems

CPS — autonomous agent
» Sharing of knowledge and goals
* Thinking globally
* Acting locally
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Vyzvy 14.0 — Zemédélstvi 4.0

e What need the Smart Farm?

* Interdisciplinarity — wide platform of researchers, visions
and partial solutions

* Social digital transformation - creation of new ecosystem
for Al

» TestBed — new strategic element within the research
and scientific space

* AAAI: “Al testbeds must strive to balance tractability and
real - world relevance. Many researchers choose to study
simplified tasks in closed domains, rather than open -
ended real - world problems, because toy tasks are more
tractable for today’s methods.”




Vyzvy 14.0 — Zemédélstvi 4.0

* What need the Smart Farm — Agriculture 4.0?

 Resilient digital infrastructure and sustainability

* Mindset to global visions - new economy models

* Information and knowledge resources integration

* Energy management 4.0 — the fundamental structure

 Building of National centres — sharing of Research and
Development - environment and infrastructure — ‘
,Green Deal”

* Motivate the ,,Academic potentia
reality

Il(

- push science to




Principy kolaborativni robotiky

* Sdileni spolecnych cil(

e Koordinace a aktivni kooperace

* Flexibilni planovani

* Komunikace a principy vyjednavani “%—?«/ﬂ
* Delegace uloh a podulohy =
 Sdileni znalosti — okolni svét a kooperujici entita

e Uvazovani v kontextu

* Redistribuce uloh a roli

univerzita




Controller
Controlled output
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Reference: GSA-MKD-AGR-UREQ-233667, Agri-Report-on-User-Needs-and-Requirements-v1.0



Swarms of Agribots x Large Harvesting machinery

https://www.youtube.com/watch?v=xH9sXhYA3nE
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FarmBot — stacionarni portalovy agribot

I

Reference: Laboratof Ustavu zemédélské, potravinaiské a environmentélni techniky, Agronomickd fakulta, Mendelova univerzita v Brné&, https://docs.farm.bot/
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