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Relevant European services are available
for agriculture
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GSA is headquarter in Prague with
Galileo subsidiaries across Europe
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GSA reports the Galileo Constellation
status at the GNSS Service Centre
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Find more available
information at

------------------------------------ ’ ' WWW.8SC-europa.eu
e Occupied slots

GSAT0201 & GSAT0202 satellites
(snapshot — relative location will evolve over time)

GSAT0104 UNAVAILABLE FROM 2014-05-27 &
GSAT0204 REMOVED FROM ACTIVE SERVICE ON 2017-12-08




EGNOS already available serving EU
citizens and industry

 Accuracy ~1m, free : Open Service (0S)

* Accuracy ~“1m, compliant
to aviation standards by
providing correction data
and integrity

Safety of Life Service (Sol)

* Accuracy <1m, : EGNOS Data Access Service
corrections provided via
internet

(EDAS)




Galileo is the European GNSS offering a
wide range of services

Open Service (0S)
OS-Navigation Message

. Freely accessible service for
positioning, timing and navigation message
authentication

2\
; ‘ Authentication (OS-NMA)

. Encrypted service designed for greater Public Regulated
robustness and higher availability Service (PRS)

. Assists locating people in distress and confirms | Search and Rescue
that help is on the way U Service (SAR)

«  Freely accessible high accuracy positioning High Accuracy
service Service (HAS)

. Authentication service based on the E6 signal ' Signal
code encryption and OS-NMA, allowing for Authentication

increased robustness of professional applications | Service (SAS) /
6



EGNOS and Galileo provides advantages

to both farmers and society
% s ™
/ ~

Affordable entry-level solution for services
precision agriculture

More satellites, Galileo signal design and
multi frequency capability contribute to

better operations in harsh environment
Improvement of

“Free’’ Sub-meter accuracy for existing ones The only constellation offering “Free” high
basic-value crop cultivation (e.g. ) accuracy service directly from satellites
cereals) Innovative

without dependency of Internet or
additional communication channels, and
/ Authentication services

applications
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/EGNOS and Galileo provides advantages to both farmers (higher profits \ "
margins) and society (increased food supply and more environmentally

friendly agriculture) ) LW R
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@round 55 % of all new ‘GNSS tractors’ in the EU are Galileo enabled / kTN




Machine guidance receiver testing
campaign to confirm Galileo added
value for precision farming activities

Open call for interest in a testing campaign

Of a g ri C U It U re re Ce ive rs Reference tilling direction

== Actual tilling direction
All top manufacturers expressed their Orthogonalaecory ror
interest

The testing campaign using live signals in
different environment will be conducted at
specialised testing facilities in 2019

The final goal is to properly estimate specific
key Parameters such as Pass-to-Pass
accuracy or Positioning error, but also to
assess the added value of Galileo through
the different configurations and different
environment.




Today's way of life is transforming

agriculture needs

Impact of urbanisation on
rural labour

Eating habits and consumption
patterns are changing

|
-l Shrinking of arable land

|
| Price and availability of energy

;97 | People are “connected” and globally

- 9. networked
Ll s

Precision and Digital Farming help

to cope with the food, agriculture
and climate challenges




Bigger machines are no solution for
today’s challenges

Image courtesy MM Channe 10



GNSS is the core component in the

digital farming ecosystem (Agriculture
4.0)

1.0: Year 1900 2.0: Year 1950 3.0: Year 1990 4.0: Year 2010
Mechanisation Green Revolution | Precision Agriculture Digital Farming
I I I
Introduction of tractors New agronomical practices Guidance Cheap and improved
Increasing efficiency Use of fertilizer and pesticides Sensing and Control sensors and actuators
Manual labour required Improvement of quality seed Telematics Cloud based ICT systems
Low production, family needs Increasing the yield Data Management High bandwidth cellular com

Big Data Analytics

Earth (opemcus EGN@DS

Observation Drones GNSS 0 n
-
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B . GNSS has become one out of
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\ L
\ Connectivity

/ ‘{/

oao‘ D)
Swarm Robotics ."-'.4- ' °/ '\’G
~ar® Advisors @ /"

Farmer

=
=




Today’s precision farming offers more
possibilities with increased efficiency
and sustainability

Cultivation / Seeding Fertilisation

Image courtesy CLAAS
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However, the uptake of Precision
Farming is still very low in Europe and

varies from country to country
e &8 & &

Ageing 8w 6% 15% 23% 25% 31%
'_ H"l Less than 35years 35to 44 years 45to 54 years 55to 64 years 65 years or over
workforce

Smallholder agriculture still dominates EU rural

Farm size " c@m economy as 86% of EU farms are below 20ha and 97%
y L0 | farms below 100ha
|

structure

Machine d—‘ Average age of tractors in some countries more

renewal () . | than 20 years and machine renewal is rather slow
1

As a result, still, less than 25% of EU farmers have access to

Precision Agriculture technologies according to CEMA 13




However, the uptake of Precision
Farming is still very low in Europe and
varies from country to country

Precision agriculture without GNSS

\ 14



Key market and technology trends in
agriculture

Increased connectivity (loT), advanced sensing
capabilities (e.g. via satellites and drones) and
big data

GNSS has become an integral part of smart,
connected and integrated farm management
solutions and a key driver for precision farming
across the whole crop cycle

Precision Farming market is growing at a CAGR
of 14%, driven by increased adoption of GNSS-
enabled telematics solutions

5G: a key to unlock the benefits of digital
farming

Vertical Farming and inter-cropping

15




Precision agriculture solutions registered
growth across applications

Shipments of GNSS devices by application
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Units (Thousands)

ma Tractor Guidance = u Automatic Steering

m = Variable Rate Technologies mm Asset Management
E 1 Forest Management

Tractor Guidance and Automatic Steering continued

to constitute the most spread application

16




Stringent requirements In precision
agriculture are behind the wide
adoption of Galileo key differentiators

Frequency capability of GNSS receivers’ Constellation capability of GNSS receivers®
1004 100%
B0 Blre
B0% B0 t
40% 40%
- 1 - I I
0% | I - [ | 0% ! - [ |
L1/E1 L2 L5/ES E6 & (ﬁpﬂ Eﬁ@""@@" r_?;‘? J,—f»"‘ jSi”
&
' shows the percentage of receivers supporting each frequency band * shows the percentage of receivers capable of tracking
each constellation
Au%‘“e“-tat:o“ w
seN\Ce Majority of RTK providers upgraded or have started to upgrade to Galileo

capabilities and the main PPP or PPP-RTK providers support Galileo corrections 17




A Growing potential for high-precision
solutions delivered through mass market ==
devices | |

Android 7+ access to raw ‘ Dual frequency
GNSS measurements mass market receivers

>N

Democratisation of mapping
and affordable augmentation
services

Over 125 World'’s first two
smartphones models dual-frequency
Galileo enabled GNSS smartphones
hit the market

Smartphones will be the most popular platform for
farmers in getting a real-time data of the farming

Mmanagement system




Dual frequency brings better positioning
performance

* Red: BCM4774 (L1) e
 Green: BCM4775 (L1+L5) — dual frequency

p~1Valon

SUB-METER ACCURACY
-~ ENABLED BY GALILEO

" i Samimermmet) g
............ .l i
E
The new dual-frequency chipsets can achieve z 0 Xiaomi Wis
@ 0.78m (95%)
better accuracy, thanks to
2F
Receiving simultaneously L1/E1 and 8 4} Samaung S8
) : Qg 4.32m Y
L5/ES5, which help correct multipath, Ba o
detect reflected signals and correct e * o w S - : 2 s

ionospheric errors.

Using the carrier’s phases, as opposed to
code measurements only, for the high
accuracy position algorithms

22 operational

Receiving orbital & clock corrections 3 Galileo sat (E1/ES5)
e as from ground stations, for even further Bipoooaganaaot, 8
occ ouorosoorn oy accuracy and faster convergence time
12 operational GPS
....................................... Block IIF sat (L1/L5)
19
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Spoofing, the emerging threats across all
market segments

The importance of protecting against vulnerabilities
was strongly highlighted during the User Consultation
Platform (UCP) as a common theme of user demands
across all market segments

GNSS SPOOFING CAPABLE DEVICES EVOLUTION COST

©%

AT
o ET.7 - - -
ANVVUT -~ — - e

AUSB3 to

First commercial First low cost BladeRF HackRF LimeSDR-mini
GPS simulator: record, replay SDR board able one SDR VGA adapter
STR2740 and GPS to simulate board able to replay
simulator simulation GNSS signal GNSS signal
650 € 300 € 99 € 5€

150,000 € 6,000 €



E-GNSS works in synergy with
Copernicus at the centre of new CAP

Monitoring approach + E-GNSS based tools and Smartphone based
using Sentinel data applications Geo-tagged Photos

Galileo brings unique features to achieve both higher
accuracy (dual-frequency, upcoming high-accuracy
GALILEO services) and robustness (message authentication)

\ 21



GSA is funding an Android APP (based in
EGNSS) for geo-tagged photos

mame Objective

e Open Source Android application using GNSS raw measurements that can be
integrated and customise for end-user solutions.

e To generate input for the Integrated Administrative Control System (IACS) of the
Common Agricultural Policy (CAP).

“USING GNSS
RAW
MEASUREMENT
ON ANDROID
DEVICES”

e Benefits

e All the EU paying agencies will benefit from smoother flow of information into
their systems.

e To enable farmers around EU to digitalize many procedures reducing errors and
duplication and improving efficiency.

e |imeframe

e The outcome shall be available by Q4 2019, in line with the Galileo Open Service
Navigation Message Authentication Signal in Space (OS-NMA SiS testing phase). /

22




Find today a Galileo-enabled device to
use all the advantages

Over 125
smartphone

models are
Galileo enabled

GOING MOBILE ON THE FARM ON THE MAP

4 Galileo dual-frequency smartphones and N
upcoming high-accuracy services will allow
sub-meter accuracy and more robust
positioning which will accelerate innovative

\_ solutions in CAP and Digital Farming Y

DURING AN
EMERGENCY APPLICATIONS

www.usegalileo.eu



Copernicus address 6 main thematic
areas, corresponding to daily needs of
European citizens

p~1Valon

‘ ij‘* Copermicus Climate Change Service (C35)

> Copernicus Marine Environment Monitoring
— Service (CMEMS)

@ Copermicus Security Service

Sentinel-3A

Sentinel-2B Sentinel-1C/D, 2C/D, 3C/D,
Sentinel-1A  Sentinel-2A Sentinel-1B Sentinel-5P Sentinel-3B Sentinel-6A Sentinel-4, Sentinel-5
2014 2015 2016 2017 2018 2020 2022 and beyond

24



The joint use of E-GNSS and Copernicus
unleashes an array of synergies

GALILEO

Synergies

I
Value-Added app ‘

0000

@ Precision farming
5 T Banew ko Air Ozl ol m
© 0000
Natural resources
@ management
Natural Disasters Notral Dsasters 556418

Smart mobility

Urban planning
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GSA has been leveraging two main R&D
programmes as tools to stimulate the
offer and increase E-GNSS adoption

*~4TH HORIZON ZOZO&LEUE-APPLICATIUNS IN SATELLITE NAVIGATION
e

Aims to foster adoption of EGNSS via content and application
development and supports the integration of services provided by
these programmes into devices and their commercialisation

Fundamental Elements projects focus on fostering the development
of innovative Galileo and EGNOS enabled receivers, antennas and

chipsets technologies /
\ 26

Fundamental
Elements




Farming by Satellite contest is fostering
innovation and business ideas

How can we use Satellite

Technologies to Improve
2 _——— e FARMING BY

Epyirdfimental Impact?

A summer project competition
for students and young people across Europe

European

30t CLHAAS  (ocemcs

Teagasc, the Irish Agriculture and Food
8 Development Authority, took the first prize in
el 2018 year’s competition with FODDERAppP, a
mobile app for grass and grazing management

- 3 i . ) A V
- pa - ! i g _- {
. . | 27
http://www.farmingbysatellite.eu/ \




Galileo Masters competition annually
awards the innovative ideas using
satellite navigation in everyday life

Protecting Wild Animals During Harvesting with Galileo-Enabled UAVs

Saving lives of hundreds of thousand wild animals that are
being killed every year by mechanized crop harvesting.

A simple combination of Galileo enabled drones, infra-red

cameras and near real time access to Land Parcel
Information System.

Acrai = Non-Chemical Weed Removal for Agriculture O

A weed removal that can compete with chemical weed Killers.

The solution relies heavily on the use of GNSS to navigate

and relocate robots on the field. >




Interested to know more? Feel free to
download GSA GNSS reports

GNSS market trends & applications GNSS receiver trends & technology

0

: l\i/-lAﬁ KjEiT :E Pﬁ(\) RG?I' . I(SESNUE'.ZS USER TECHNOLOGY REPORT

e
F :,b -fT__i_ ‘ https://www.gsa.europa.eu/system/fi
. -_'-_"=_F! TS ts/gnss_user_tech_report_2018.p




>

Linking space to user needs

How to get in touch: www.GSA.europa.eu

® 2

7 EGNOS-portal.eu IYIMTel GSC-europa.eu G UseGalileo.eu

™

The European GNSS Agency is hiring!

Apply today and help shape the
future of satellite navigation! .
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http://www.gsa.europa.eu/
https://www.gsa.europa.eu/subscribe-gsa-today
https://www.gsa.europa.eu/subscribe-gsa-today
http://www.gsc-europa.eu/
http://www.egnos-portal.eu/
https://www.facebook.com/EuropeanGnssAgency/
https://www.facebook.com/EuropeanGnssAgency/
https://www.linkedin.com/company-beta/1597589/
https://www.linkedin.com/company-beta/1597589/
https://twitter.com/eu_gnss
https://twitter.com/eu_gnss
https://www.youtube.com/user/egnos1
https://www.youtube.com/user/egnos1
https://www.slideshare.net/EU_GNSS
https://www.slideshare.net/EU_GNSS
http://usegalileo.eu/EN/

EC, JRC and GSA are taking concrete
steps for a geo-tagged photo application

GSA is boosting the innovation around the
high-precision and Open Service, Navigation
Message Authentication in the mass market

EC in cooperation with GSA/JRC to build an Open Source Application
which will help to achieve better positioning accuracy and increased
robustness for geo-tagging photo application for post-2020 CAP

GNSS Raw Measurements
Task Force

GSA supports R&D

FLAMINGO PATROL
=
FLAMINGO

Next steps:
2019 Solution implementation
2020 - 2021 Application available for MS

JRC

EUROPEAN COMMISSION

The need for synchronisation with other R&D initiatives,
stakeholders (MoA, Paying agencies), JRC, DG Agri, etc.

31




Agriculture is a strategic sector for the

European society and economy

The increased global food demand and limited natural resources, require increasing the profitability and
production in agriculture and form the main drivers of usage of precision farming techniques.

Estimation of population
evolution, versus years, in
different continents between
1950 and 2050, according to
the United Nations. The
vertical axis is logarithmic and
is in millions of people.
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 GNSSisthe

backbone and
enabler of
precision

¢ farming Yy
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The role of GSA in the EC space
programmes

European

Commission

A

> (opericus

Assistance and

i
1
i
1
: Delegation : Delegation
delegation !
|
1
Eur '
Glot n | ! European i .
Sate Y : 0 o
Age i Commission
|
1
Execution |
I
I
Market Development <«— Development contracts <— E Copernicus Applications <«— Development of space <«—
! Component
Security <— Deployment contracts <+— | Market development <— <—
i Sentinel missions
GSMC operation ¢<— ... «— ! . <« operations <—;
1
1
GNSS exploitation <+— . <
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The timeline is already defined and you
are welcome to follow-up!

DISCOVER WHY Save the dates and
PRAGUE &\ see you in Prague!

N
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Timeline is already defined

Description and design of high
accuracy features

Development of Android open source
application as showcase

State-of-the-artreview &

Galileo positioning Description and design of

authentication features

Review of EGNSS high Recommendation on high Android-based library for
Accuracy features accuracy requirements high accuracy features

Overview of existing and
ongoing studies

Demonstration kit
Comparative analysis of

relevant use cases
Dashboard Demonstration at
MARS conference

Definition of technical

parameters and
requirements

Review of EGNSS Recommendation on
authentication features Authentication requirements

Android-based library for Guidelines
authentication features

Continuous iteration Validation

& completeness check

April 2019

October 2019 ;-




Example 1: GNSS-Copernicus synergies
support optimal application of fertilisers

health of crops, vegetation index

e Differentiated maps of the crops:
(NDVI)

ofl

Location-tagging of soil/plant
samples

Highly accurate positioning of
machinery

~




Example 2: EGNSS-Copernicus synergies

provide enhanced soil monitoring
capabilities

Agriculture: Soil monitoring (humidity, sampling, etc.) r

Synergetic output

(opermious

e Agricultural field’s soil conditions
(humidity, composition) ; P
Evaporation data S

* In-situ measurements of soil parameters
(e.g., moisture by GNSS reflectometry)

* Geo tagging local measurements for

validation and calibration

Metre and sub-meter level
maps of soil parameters
Targeted irrigations and
treatments

Optimised water consumption




H2020 Mistrale project delivers soil moisture
content information

p~1Valon

Providing soil moisture content information
to farmers and water managers.

Besides soil moisture maps, Mistrale can also
produce maps of water logging, flooding
extent and other soil moisture related
information products.




H2020 Greenpatrol robot for Integrated Pest
Management in Greenhouses

Precise localization
enabled by multi
constellation, multi
frequency GNSS

Innovative and efficient robotic solution for
Integrated Pest Management in Greenhouses.

Early Pest
Detection

The robot will use the most sophisticated signals §
of satellites especially the Multiple-frequencies S
El, E5 and E6 by Galileo, the network of . il
European satellites for accurate global positioning. 0




