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1 EXECUTIVE SUMMARY

In the FieldFact Promotion Plan articles are mentioned as one of the means to create awareness.
Articles published in professional magazines, on websites and in congress proceedings have a
good penetration in the target groups and it is expected that it is an effective means for
disseminating information about the use of GNSS in agriculture.

Professional agricultural magazines have a very high penetration among the target group Farmers
within the user community. The target groups agro industries also takes notice of the contents of
agricultural magazines. The target groups science and government can best be addressed by
publications in conference proceedings.

FieldFact has participated in two leading congresses, one in the field of precision agriculture,
(ECPA 2007, Skiatos Greece) and one in the field of IT in agriculture (EFITA 2007 Glasgow UK).
The FieldFact papers held at both congresses are presented in the congress proceedings and in
chapter 4 of this report. The papers can be referred to so experience and knowledge gained in the
framework of the project is accessible and available for further use.

The FieldFact consortium planned three demonstration events dedicated to GNSS use. In the
promotion plans for these events, communication via professional magazines prior to the event
played an important role. For the precies 2007 event in Lelystad Stakeholders were asked to write
contributions on GNSS in agriculture from the company’s point of view.

The writing plan for Precies 2007 is presented in this report and so are the lists of publications in
relation to the event.

1.1 Purpose and scope

Publishing articles in professional journals, on websites and congress proceedings is a strategic
activity in the promotion campaign. In the promotion plan (1) During the FieldFact promotion
campaign articles have been written by members of the project team or by stakeholders in the field
of precision agriculture. The articles present background information to the different target groups
within the agriculture User Community. This report presents the aim of the articles and describes
how they fit into the total promotion campaign.

1.2 Intended audience / Classification

The report describes the role of publications in the FieldFact promotion campaign and the vision of
the impact on different target groups. At the same time it describes how stakeholders were
involved. The publications were meant to disseminate project information and create awareness.

This report is intended to serve the interest of four target groups:
GSA

The report on publications serves as an example for the use of articles in future campaigns to raise
awareness and promote innovations in user communities. GSA will be able to assess the
campaign and learn about the approach.

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT
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Other FieldFact work packages

The work packages, WP1 (Stakeholders network), WP2 (Studies and assessments), WP3
(Demonstrator and spatial information), WP4 (Testing and training) have resulted in contacts,
information, vision and products. These results all contribute to the project goal of creating
awareness. Disseminating results through articles were an important strategy to reach this goal.

Agro industry stakeholders

Many of the articles have been written and published in close cooperation with stakeholders. In
WP6, promotion, Stakeholder participation is important. Awareness in the field of GNSS
innovations can not be realised without full support of agro industries and Agro business.

Governments

GNSS innovations are important for the viability of agricultural production and offer possibilities to
monitor agricultural production process. The way Information innovations can be promoted among
target groups using articles is relevant to governmental organisations. Integration of GNSS tools to
monitor land use (LPIS) is a good example of innovative application by governmental
organisations.

The document is intended for use outside the project. It is classified PUBLIC.
1.3 Associated documentation
1. Introduction and promotion of GNSS use in Agriculture, FieldFact proposal, financial,

management and administrative tender

2. Introduction and promotion of GNSS use in Agriculture, FieldFact proposal Technical
tender

3. Ciritical Analyses Report, the state and future of GNSS in Agriculture, Europe 2007, version
1.0, May 2007. Reference FIELDFACT-WP2-EKO-DEL-2.1

D.6.1 Draft Promotion Plan. Reference FIELDFACT-WP6-PPO-DEL-6.1

5. D.6.2 — 6.6 Production and dissemination of promotion materials. Reference FIELDFACT-
WP6-PPO-DEL-6.2-6.6

+ D.6.3 - 6.5 Report on Events on GNSS in agriculture Reference FIELDFACT-WP6-PPO-
DEL-6.3-6.5

7. D.7.1 Result Analyses FIELDFACT-WP7-DEL-7 1

1.4 Abbreviations and Acronyms

CAR Critical Analyses Report

ECPA European Conference on Precision Agriculture
GIS Geographic Information System

GNSS Global Navigation Satellite System

GSA European GNSS Supervisory Authority

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT



FieldFact | s

EVENTS ON GNSS IN AGRICULTURE

Ref: FIELDFACT-WP6-PPO-DEL-6.4-6.7

Issue: 1.1

Date: 10-APR-2009

Class: PUBLIC

Page 8/42

HED High-End Demonstrator
LED Low-End Demonstrator
PDA Personal Digital Assistant
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2 USE OF ARTICLES IN PROMOTION CAMPAIGN

In the technical tender (2) and the promotion plan (4) the importance of Publication of FieldFact
results is emphasized. The promotion campaign is based on three main instruments: Publications,
Demonstrations and participation in Events. The promotion strategy was based on publications in
the agricultural press in order to obtain exposure during events and demonstrations.

The FieldFact promotion campaign focused on three target groups within the Agricultural User
Community: Government, Agro industry and Farmers. To address each target group, relevant
events have been selected. In report FIELDFACT-WP6-PPO-DEL-6.3-6.5 (6) there is a description
of the events. The target group government was addressed through conferences. The target group
agro industries through conferences and fairs and the target group farmers were addressed during
fairs, field days and demonstrations.

During the campaign FieldFact concentrated efforts on and two events focussing on government
and agro industries and three events focussing on farmers and agro industries.

Government and agro industries exchange perspectives of innovative technology during
congresses and conferences. In the promotion Plan two important conferences are mentioned for
the dissemination of the results of Field Fact studies. Publication of project results in the
conference proceedings ensures a world wide dissemination of project results. In 2007 the two
biannual conferences relevant to GNSS innovation took place: The European Conference on
Precision Agriculture (ECPA) held in Skiatos Greece June 2007 and in July 2007 the congress of
the European Federation of Information Technology in Agriculture. In Chapter 3 paragraphs 3.1
and 3.2 the abstracts of papers presented during these conferences are included. Annex 1 and
Annex 2 contain the full text of the papers.

For farmers and agro industries FieldFact participated in the organisation of three main GNSS in
agriculture events. These events were a combination of a fair with information, a workshop or mini
conference and field demonstrations of the FieldFact LED and HED. Also Stakeholders showed
and demonstrated commercial applications of GNSS in machines or handheld devices.

The target group farmers within the Agricultural User Community have a network of suppliers of
machinery, seeds, fertilizers and pesticides and services. The farmer integrates all commodities
from their suppliers into their farming system. Integrating GNSS into the farming system of an
individual farmer will affect the whole of farm management. GNSS does not only require technical
knowledge about the operation of the system but then user must be aware of the possibilities it
offers for his farming system. The farmer must be aware of the advantages of the investment
before he considers the innovation. This means that stakeholder suppliers must offer a broad view
of perspectives of GNSS.

The communication plan for the GNSS events included a publication plan. The aim of the plan was
to communicate perspectives of GNSS innovation to the farmer and agro industry in the
professional agricultural press. The aim of the publication plan was to get press focus on GNSS
use in agriculture by supplying articles to agricultural magazines or to motivate journalists to write
about it the weeks prior to the main GNSS in agriculture events. In Chapter 3 planning and result of
FieldFact publications are described for the events in Lelystad in 2007, Senice na Hane and
Olsztyn in 2008.

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT
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3 PUBLISHED ARTICLES

In the paragraphs 3.1 and 3.2 there is a description of the two conferences where FieldFact results
were presented and included in the proceedings. Also the Abstract of the paper is included in this
chapter. In paragraph 3.3 the publication plan and list of publications focussing on the target
groups farmers and agro industry is presented. Most of the publications were published in the
framework of the promotion campaign prior to three GNSS in agriculture events.

3.1 ECPA conference 2007

ECPA is the largest conference on precision agriculture in Europe. Over 500 representatives from
science, agriculture industries and governments participate in the conference. More than 100
papers are presented. The ECPA conferences have gained a good reputation because of the
standard of the proceedings. There is a strict approach maintained to paper acceptance. Each
draft paper has been assessed by two members of the scientific panel and by the editor of the
proceedings, John V. Stafford. Revised papers have been subjected to rigorous editing so that the
papers presented approach the quality of papers in refereed journals.

Participation in the 6™ ECPA which took place in Skiatos Greece was a great opportunity to
disseminate FieldFact project results. The paper was accepted in march 2007 and published in the
proceedings. In this paragraph the abstract of the article is included as well as the reference to the
official publication. The paper was submitted at the 6" European Conference on Precision
Agriculture under theme: Engineering technology.

The title of the paper was: How GALILEO improves Agriculture, with the sub title Assessment of
existing and near future GNSS applications and services in agriculture. The authors were all
members of the FieldFact consortium.

Tamme van der Wal?, David van der Schans®, Karin Molenaar®, Pavel Troja ek®
Karin Molenaar presented the paper at SKIATOS during the conference.

The basis for the paper was information on GALILEO satellite system and the findings from the
Critical Analyses Report concerning applications in agriculture:

Full text of the paper is in Annex 1 the abstract is presented in this paragraph.
Abstract

Europe is building up Galileo, a new global satellite navigation system (GNSS) to be operational
after 2010. Galileo is set up as a business; delivering services to different categories of user
segments. With the development of Galileo, the European Commission and the European Space
Agency, partners in the Galileo Joint Undertaking (GJU), aim to move Europe forward in the
location based technology and stimulate innovation and new business. Even though it is European,
Galileo is a world-wide system, interoperable with GPS and GLONASS.

Market analysis shows that the global annual turnover for satellite navigation services and
equipment in 2025 will reach at least €400 billion. In order to prepare the potential sectors for
applications using the infrastructure and services GJU has initiated projects to address each user
community. The FieldFact project addresses agriculture and aims at the introduction and
promotion of GNSS use to the agricultural user community. In FieldFact the benefits and added

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT
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values to the agricultural sector of Galileo and EGNOS in addition to the current GNSS solutions
are investigated and communicated.

Although GNSS is gaining interest, it is still not widely used in the agricultural sector. It requires
large investments in know-how (even at user level), equipment, spatial reference data, software,
and third party services. Another important introduction threshold is the lack of beneficiary
applications for the farmers. The opinion of the user community on the possible benefits is
changing, influenced by a number of external and internal factors. Important external drivers are
formed by the production chain and the government, demanding accurate documentation on the
agricultural production process, the production site, and the agricultural products and half-
fabricates. On the technical side, equipment is getting cheaper, more accurate, and readily
available to the user community.

In the FieldFact project a critical analysis was performed on a number of categorized GNSS
applications and services for agriculture. In this analysis products were compared and judged on
their practicality, accuracy, added value to agricultural practice, and innovativeness. A stakeholder
platform consisting of representatives from the main actors was consulted in the critical analysis.
From the analyzed GNSS applications two “priority applications” have been selected for further
development in the FieldFact project: one low-end and one high-end application. The low-end
application is a cheap and easy to use tool for farmers that enhances the user to store data like
parcel dimensions and crop monitoring results. This application will help farmers to cross the
threshold to the use of GNSS/GIS. The high-end application is a platform where data is integrated
with farming advisory tools and where machines are operated according to site specific conditions.
The results of the critical analysis and the developed priority applications will be communicated
and demonstrated to the user community by means of specifically organized ‘GNSS in agriculture’
events, by press publication, and by other promotional activities.

3.2 EFITA conference 2007

The European Federation of Information Technology in Agriculture (EFITA) is a federation of 15
national organisations from different European countries. AITICA (Italy), GIL (Germany), HAAI
(Hungary), DSIJ (Denmark),HAICTA (Greece), GAIAFE (Georgia), BAITA (great Britain), APDTICA
(Portugal), AIFA (France), ISITA (Ireland), SETIAM (Spain), VIAS (Netherlands), POLSITA
(Poland), LANTNET (Sweden) and CSITA (Czech Republic) being member organisations. EFITA
organises a conference every two years. The conference attracts a growing group of participants
and it is the largest conference of its kind in Europe. 150 papers were presented together with 20
posters. The papers were presented in 20 sub sessions. The presentations are accessible via
http://www.efita.net/. The authors of the FieldFact presentation titled “Galileo Improves Farming”
were Rob Lokers, Tamme van der Wal and Tom&$ Turecki. The paper was presented in the
conference subsection “DSS applications”. Rob Lokers presented the paper.

Abstract

Galileo, the new European global satellite navigation system (GNSS), is likely to enhance adoption
of precision agriculture since improved accuracy, availability, reliability and continuity of the Signal
in Space (SIS) will take away some of the current introduction thresholds. Besides technology
advancements Galileo brings new business concepts due to its civil and commercial focus. This
brings improvements in the use of satellite based positioning and location based services. These
differentiating features of Galileo are important for the development of most agriculture applications

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT
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that use geo information. In this paper the applications on location specific farm documentation and
registration are discussed within the framework of the agricultural user community’s motives for
adopting GNSS. The current state of these applications is outlined as well as prospects for future
development.

Key words: GNSS, Galileo, agricultural user community, geo-information, architecture.
3.3 Publications prior to events

FieldFact participated in the organization of the Precies 2007 event held in July 2007 in Lelystad,
the Netherlands. In December 2006 a publication plan was made to “prepare” the target group for
the event. The publication plan resulted in the publication schedule presented in table 1. The
publication plan was aiming at the publication of at least one article about GNSS and precision
agriculture applications in the main agricultural magazines every week for a period three month. To
achieve this goal PPO coordinated publications and motivated the editorial staff of the main
agricultural magazines to cooperate by either publishing articles or do interviews with farmers or
other stakeholders in the field of GNSS applications for agricultural User Community..
Stakeholders were asked to bring forward subjects concerning precision agriculture.

This resulted in three month full scope on GNSS in agriculture. Besides the articles delivered to the
press via the publication plan most of the editors of the magazines acquired more subjects. GNSS
and sensing innovations in agriculture were the main items in agricultural press during three
months prior to the event. In annex 4 the list of publications is presented. The editorial staff of the
magazines Boerderij, Nieuwe Oogst and Loonwerker decided to publish a special edition
completely dedicated to GNSS and Precision Agriculture focussing on the demonstrations and
workshops during the Precies 2007 event.

For the GNSS events in Senice na Hane and Olsztyn consortium members wrote an article on
GNSS in agriculture and Precision agriculture. The article was originally written in English and it
was translated in Dutch, Czech and Polish language. For each country the article was adapted to
fit specific national situation.

The article was accepted by four agricultural magazines and three websites in Czech Republic.
Prior to the event in Olsztyn the Polish version of the article was published in two agricultural
magazines in Poland. The full English text of this article is included in this report in Annex 3

In Annex 4 all 28 articles written by the FieldFact consortium members are listed. In the same
Annex there is a list of the most important publications and special editions published in the scope
of the GNSS event PRECIES 2007 in Lelystad.

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT
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Table 1 Writing plan for Precies2007 resulted in intensive coverage of GNSS and Precision
Agriculture topics in the Agricultural press in the Netherlands from week 12 till week 25 when the

event took place (authors not only from FieldFact consortium).

SUBJECT author B NO NOM LM AD AM PP AG WEEK
N-sensor an N fertilization JNJ X 12
Variable NPK fertilizing PwW X 13
GEO-tool for sampling B X 14
Haulm killing CK X 15
Crop growth monitoring PwW X 16
Opticrop geo farm LS X 16
management
Agrovision geo farm ™ X 16
management
Review of handheld GPS KM X X 16
Precision in animal husbandry GH X 17
System integration JvB X 20
PPO-precision Farming DvdS X 18
PRI special CK X 19
Fine tuning N fertilization by PvdVv/P X 22
RS information wW
Latest precision techniques DvdS X 23
Farming with satellites PvdVv X 24
Variable soil sampling B X 25
Galileo system DvdS 27
Announcement of event with DvdS X X X X X X X X 26
program
Precision agriculture special B, NO X X 22 & 17
editors
Steering systems DvdS X 18
Traffic line planning SdB X 25

Pres:

B Boerderij, NO Nieuwe Oogst, NOM Nieuwe Oogst Magazine Gewas, Ag Agri-monitor

LM Landbouwmechanisatie, AD Agrarisch Dagblad, AM Akker magazine, PP Plattelands Post

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT
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4 CONCLUSIONS

The project stimulated the press to pay attention to GNSS and precision agriculture in the three
target regions by:

O Writing articles and offering them to agricultural magazines;

O Stimulating journalists to focus on relevant subjects;

O Stimulating stakeholders to present the possibilities of innovative GNSS products in
articles.

The total of 28 articles written by consortium members and 15 articles including three special
editions of agricultural magazines between March 2007 and July 2008 shows that the agricultural
press is a good channel to communicate innovations to the agricultural User Community.

The editors of agricultural magazines were very cooperative concerning the publication of articles
about GNSS in agriculture. The main motivation to cooperate was that the technology is not
common yet. Publications about new technology strengthen the image of the magazine.

The role of publications in the promotion campaign was very important. It made the readers curious
about new technology, which resulted in a lager number of visitors to the events. It prepared the
visitors on technical innovations they could expect at the events. It showed the relevance of GNSS
technology for the agricultural sector.

The papers presented at ECPA and EFITA conferences guaranteed the dissemination of project
results to professionals all over the world. Both conferences take place once every two years. The
time between the start of the FieldFact project and the admission of the papers, September 2006
till January 2007, was short. In 2008 there were no such important conferences so the project team
put big effort to get the maximum result out of these unique occasions for FieldFact

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT




“ieldFact | Sd=m

Ref: FIELDFACT-WP6-PPO-DEL-6.4-6.7

EVENTS ON GNSS IN AGRICULTURE Issue: 1.1 Date: 10-APR-2009

Class: PUBLIC Page 15/ 42

ANNEX 1 HOW GALILEO IMPROVES FARMING

How Galileo improves farming. Assessment of existin g and near future GNSS
applications and services in agriculture

K. Molenaar', D.A. van der Schans®, T. van der Wal?, T. Turecki® and P. Troja ek®
! Applied Plant Research, P.O. Box 430, 8200 AK Lelystad, the Netherlands

2 Alterra, P.O. Box 47, 6700 AA Wageningen, the Netherlands

% Exotoxa Opava Ltd., Horni Namésti 2, 746 01 Opava, Czech Republic

Keywords: GNSS, Galileo, agricultural user community, GNSS applications

Introduction

Galileo, the European global satellite navigation system (GNSS"), is to be operational after 2010.
Galileo will be a world-wide system, interoperable with GPS and GLONASS. With the development
of Galileo, the European Commission and the European Space Agency, partners in the Galileo
Joint Undertaking (GJU?), aim to move Europe forward in the location based technology and
stimulate innovation and new business. In order to prepare the potential users for applications
using the Galileo infrastructure and services GJU has initiated projects to address each user
community, the FieldFact project addresses the agricultural user community.

Although it is gaining interest, GNSS is not yet widely used in the agricultural sector. It requires
investments in equipment, but also in specialized inputs, services and skills (Swinton, 2001).
Another important introduction threshold is the occasional inadequate accuracy, availability,
reliability and continuity of the Signal in Space (SIS) of current GNSS and a lack of beneficiary
applications. The opinion of the user community on the possible benefits of GNSS is changing
however, influenced by a number of external and internal factors. Production chain and
government demand more and accurate documentation including spatial data on the agricultural
production process, the production site, and the agricultural products. On the technical side,
equipment is getting cheaper, more energy efficient, more advanced, and readily available to the
user community. The GNSS as a whole becomes more accurate. In this paper the Galileo satellite
constellation and the European agricultural user community are described. Subsequently an
outline of the current state of development of a selected number of GNSS applications and of the
possible influence of Galileo on broad adaptation of the applications is presented.

Analysis framework

Adoption of new technologies in a user community is driven by motives of users to achieve certain
objectives. When the objective is likely to benefit from the new technology, then the user is likely to
adopt the technology. In the case GNSS, there is a range of applications that can serve a range of

! Current systems GPS and GLONASS are referred to as GNSS-1. Galileo is referred to as a GNSS-2.

2 GJU disbanded at December 31% 2006. Since 2007, Galileo is the responsibility of the GNSS Supervisory Authority
(GSA). (GJU, 2006).

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT
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objectives in the agricultural user community. The arrival of Galileo, introducing GNSS-2 instead of
the current GNSS-1, will have added value for many of these applications and thereby the chance
that an application avails a user’s objective increases. Consequently, adoption of GNSS in the user
community is likely to increase (figure 1). The extent, in which the adoption increases, depends on
the extent in which the application is improved by Galileo.

GNSS-1 GNSS-2
2 2 o
(@)
z b e ®
U] O] 0]
ko) G| @
S ® S
2l o & ® 8
O %) o
© ©
< <
Objectives Objectives

@ Specific GNSS application

Figure 1. Adoption of GNSS depends on the extent to which GNSS applications avail the user’s
objectives.

Galileo satellite constellation

GPS, GLONASS and Galileo satellite navigation systems are based on determining the distance
between satellites and a receiver. This is achieved by measuring the propagation time of radio
signals broadcasted by the satellites. The intersection of distances to three satellites will leave only
two possible locations for the receiver, one in space and one near the earth surface (Académie de
Marine, 2005). The Galileo system consists of 27 satellites plus 3 spare satellites orbiting the earth
in 3 planes assuring at least 4 satellites to be in the field-of-view of any place on earth (figure 2).
Four satellites is the absolute minimum to produce a reliable position and the accuracy increases
with the number of satellites in sight. Galileo signals are interoperable with GPS, thus allowing
using signals from both satellite constellations. This will allow users to ‘see’ 14 to 25 satellites. The
integrity of the Galileo satellite constellation will be monitored and maintained through a worldwide
network of control stations. The accuracy of a satellite based position measurement is subject to
different sources of error. First, the accuracy of the on-board atomic clocks as well as the
synchronization of clocks between satellites is a main source of error. Second, the determination of
the exact position of the satellite is a source of error and third, the time signal can be delayed due
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Figure 2. Galileo Constellation provides global coverage through 27 operational and 3 in-orbit
spare satellites in 3 orbital planes. Image: ESA.

to ionospheric irregularities. The performance of Galileo stand-alone receivers is between 1 and 2
meter accuracy. Using GPS/Galileo combined capability the stand-alone autonomous performance
increases to between 0.6 and 1.4 meter (McDonald, 2002). Satellite signals can be improved using
data from reference stations and control points. The European Geostationary Navigation Overlay
Service (EGNOS) compares the position provided by satellite with the known position of the
receiver. The difference between the two positions is used to augment the signal. Another method
to improve the positional accuracy is using two receivers, of which one has a fixed known location.
The measured error is used to improve the position of the roving receiver. This is commonly called
Differential GPS (DGPS). In agriculture several well known DGPS services are available, such as
Omnistar and Starfire.

The European Galileo system is in essence not different from GPS or GLONASS, nevertheless it
uses state of the art technological improvements in atomic clocks as well as better configured
satellite constellation. Due to this Galileo will improve the accuracy and availability of a space-
based positioning. Another important difference of Galileo compared to GPS and GLONASS is the
fact that Galileo is a civil based system and not a military based system. The civil and commercial
focus of Galileo brings forward new business models and opportunities. The basis for these
opportunities is the guarantee of services, which encompasses a guaranteed of level of continuity,
accuracy and availability. An important feature in this is the Galileo integrity message. Based on
continuous monitoring satellite failures (orbit or clock) can be detected and alerts can be
disseminated to the user (Oehler, 2006). Based on the type of application, the user can get a
message like “don’t use” or “OK” with corresponding error estimates of between 30 and 520 cm.
Another innovation of the Galileo system is the provision of a signal authentication. GPS simulators
are now readily available allowing the creation of false positioning data (Pozzobon, 2004). The
Galileo system is designed to include signal authentication through encryption and is thereby be
protected against jamming and spoofing.
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Agricultural GNSS user community

The agricultural user community can be represented as a two-dimensional information flow
between stakeholders in the community (figure 3). In the horizontal axis farmers are part of the
agribusiness chain encompassing suppliers of inputs and services, food industry, retail, and
consumers. Typical spatial information concerns logistics, geo-traceability (place of origin), and
accounting purposes (e.g. size of harvested area). The vertical axis represents the regulations
chain with the relation between the same farmer and regional, national and EU government.
Typical spatial information concerns the location and size of a field in the EU income aid
application, the transport of animals or manure and the distance of agricultural fields to e.g.
vulnerable water bodies, nature or urban areas. With regard to GNSS use three distinct groups of
actors can be identified: farmers, professional service providers, and public administration.

In 2003 there were approximately 15 million farms in the EU-27 (EC, 2006a). The average EU-27
farm size in 2003 was 11.5 ha with national averages ranging from 1.0 ha (Malta) to 79.4 ha
(Czech Republic). While total numbers of farms have been declining in the EU, average farm size
and the number of large farms have been on the rise. In EU-27 there are approximately 690.000
(5%) farms farming at least 50 ha each (EC, 2006a). We assume that the adoption of GNSS is
higher among the larger farms since it often requires the acquisition of whole systems that are not
easily subdivided (Swinton, 2001). However, all farmers subject to EU regulations will benefit from
GNSS since they need to establish the location and size of their parcels.

Professional service providers encompass a relatively wide group of actors operating around the
farm, e.g. contractors, providers of farm advisory systems, accountants, and animal transporters.
This group can play a major role in the dissemination of recent scientific knowledge and new
technologies with respect to GNSS within the agricultural
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Figure 3. The farm as a central entity in the agricultural sector at the intersection of two
dimensions: the agribusiness chain and the regulations chain.

community (Griffin et al., 2004). The role of most professional service providers in relation to GNSS
applications is to facilitate farmers or to use specific GNSS applications themselves. An example is
animal transporters, who will soon be required in the EU to use satellite navigation systems in road
vehicles used to transport livestock over long journeys.

The public administration is responsible for the Common Agricultural Policy (CAP), which has a
major bearing on farmers’ incomes. The majority of aid granted to farmers has the form of direct
aid payments related to the eligible agricultural area. In 2004, close to 5 million area aid
applications were submitted covering a total of almost 128 million hectares. In order to verify the
data in farmers’ area aid applications, applicable EC legislation requires the member states to
check on-the-spot at least 5% of submitted applications for direct payments (Kay, 2004). As a
component of these on-the-spot checks agricultural parcels are measured, often using GNSS
devices.

Results
Motives for adopting GNSS

After examining the major actors within the agricultural user community, their motives for adopting
GNSS can be classified and accordingly current and near future GNSS applications can be
categorized. Motives for using GNSS applications seem to come from three directions:

1. Efforts to improve production efficiency: In an increasingly competitive and globalizing
market farmers have been confronted with a downward pressure on their products’ prices.
In order to cope with this pressure they are looking for ways to reduce their costs and
optimize the use of resources. One of the tools to achieve higher production efficiency is
site specific management using GNSS.

2. Efforts to improve automated documentation: Actors in the agribusiness chain are
motivated to maintain or improve consumers’ confidence in agricultural production and the
distribution process. It includes applications which could help producers to distinguish their
products by highlighting the products’ specific qualities resulting from their geographical
origin or method of production. The applications identified in this group therefore include
those designed to support traceability or to facilitate the enforcement of animal welfare
rules.

3. Efforts to improve the control on public aid use: From 2001 to 2005, annual direct aid
payments in the EU ranged from 27.430 M€ to 33.701 M€ accounting for approximately
30% of total EU budget and about two thirds of EU agricultural expenditure (EC, 2006Db).
Therefore, improvement of the control on public aid use is an important issue. GNSS
applications should help farmers to declare their areas correctly and help inspectors to
check the correctness of farmers’ claims.

The correspondence between the motives for adopting GNSS and the main agricultural GNSS
applications is summarized in table 1. Galileo will improve the accuracy, availability, reliability, and
continuity of the position information and will provide a certification of that information. GNSS
applications that in our view have great potential for inducing broad GNSS adaptation in agriculture
and for which these Galileo differentiating features are particularly important, are: harvest and
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biomass monitoring, variable rate application, guidance of farm machinery, and positioning and
measurement of areas. These applications are already commercially available or in advanced
testing stages, and they are well-known precision agriculture applications.

Table 1. Correspondence between the main motives within the agricultural user community for
implementing GNSS and existing and future GNSS applications.
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Harvest and biomass monitoring

Site specific monitoring of harvest and biomass provides the agricultural entrepreneur with quick
and detailed insight into spatial variation of the crop. In site specific harvest monitoring the output
of a yield sensor is combined with the geographic position of the harvester derived from a GNSS
receiver. Yield monitoring systems used in the EU can be subdivided into systems for combine
harvested crops (cereals, soybeans), forage crops (corn, grass), and conveyor harvested crops
(potato, sugar beet, union, flower bulb). Monitoring of cereal harvest is currently readily available in
combine harvesters from nearly all producers. The outputs are site and time specific data of yield
and moisture content of the cereal. Methods for monitoring protein content are currently developed
and tested (e.g. Taylor et al, 2005; Long and Rosenthal, 2005). Harvest monitoring systems for
conveyor-harvested crop are commercially available. Current developments focus on distinction
between product and soil tare, and on recording size distribution. Harvest monitoring systems for
forage maize are commercially available and systems for site specific grass yield monitoring are in
advanced testing stage. Surcharge for adjustment of existing harvest systems to site specific
harvest monitoring systems is 5.000 to 10.000 €. Crop reflection during the growing season can be
monitored using near-ground sensors, airborne sensors, or satellites and the reflection information
can be transformed into biomass or leaf area index (LAIl) maps. The costs of LAl maps are about 2
€ ha™. Constraints in optimizing the added value of harvest and biomass monitoring are the lack of
methods to generate site specific management advice from the data, and the limited accuracy and
availability of GPS signals to apply the site specific management exactly where needed. Galileo
will bring major improvements on the second drawback; the first issue needs to be addressed by
research. It is expected that in the future biomass and harvest monitoring will also be used by food
processing industries for accurate supply estimations of the primary products.
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Variable Rate Application

The basis of variable rate application (VRA) is to identify areas with similar levels of yield limiting
properties in a field, and subsequently to treat these areas site specifically. VRA is valuable when
the most important yield limiting factor is tackled by the application. Variable rate technologies
(VRT) are either map-based or sensor-based (Srinivasan, 2006), meaning that input information
about the crop or the solil is either derived from a map or from real-time sensing. The economic
need to reduce input costs and the social concern regarding the environmental impacts of farming
operations are the main drivers of the development of variable rate technology (Srinivasan, 2006).
The main variable rate technologies are summarized below and an overview of surcharges and
development stages of the technologies is presented in table 2.

Variable rate seeding and planting. Seeding or planting density can be varied dependant on
soil characteristics. Tests in the Netherlands show preliminary results of potato yield
increase of 5 to 10% after variable rate planting.

Variable rate granule application. Granular products like artificial fertilizers and lime can be
applied using variable rate spinner disc spreaders. This application is widespread in
precision agriculture although technically systems still can be improved (Schumann, 2006;
Fulton, 2003).

Variable rate spraying. Herbicides and pesticides are sprayed only where needed and in
site specifically adjusted amounts. Tests in the Netherlands showed that varying the
application rate of herbicides in potato haulm killing can reduce herbicide use by 30 to 60%
(Schans, 2006).

Variable tillage depth. The tillage depth is adjusted according to soil texture. Research has
shown that variable tillage depth can lead to energy savings of 50% and fuel savings of
30% (Abbaspour-Gilandeh, 2005).

Variable rate irrigation involves the delivery of irrigation water site specifically over an entire
field, based on soil characteristics like texture, water-holding capacity, infiltration rates, and
drainage rates. Sprinklers on the pivot arm are controlled to deliver a predefined amount of
irrigation water (Dukes, 2006).

Table 2. Overview of surcharge and development stage of variable rate technologies.

Application Approximate Development stage
surcharge
(€ ha)
Variable rate seeding and planting 502 Commercially available
Variable rate granule application Kh Advanced testing stage
Variable rate spraying 10° Advanced testing stage
Variable tillage depth 5% Commercially available
Variable rate irrigation 22° Commercially available
a Fouw, 2006.

b Yao Chi Lu, 2005.
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Guidance of agricultural machinery

The general aims of machine guidance are improving field efficiency by reducing skip and overlap
in field operations, increasing the potential number of working hours and workable area, and soil
conservation by using controlled traffic patterns on the field. GNSS guidance of agricultural
machinery first developed on large scale farms in North America and Australia, from 2000 onwards
European farmers with relatively small acreage started adopting GNSS guidance on agricultural
machinery. The application involves a RTK Differential GNSS receiver connected to a light bar
steering aid or to the steering hydraulics of the tractor or implement. Information relevant for
guiding the machine, like the working width of the implement, is added by the operator through a
processor with display or automatically through hardware/software connections. Technically the
application and the required components are ready for introduction at farm level. However, the
variation among suppliers of technical performance and price of auto guidance systems is
considerable. The cost of a straight forward light bar guidance system with Differential GNSS is
approximately 5.000 €. Advanced RTK Differential GNSS with automatic guidance of tractors and
machinery require a minimum investment of 25.000 €. Economic evaluation by (Griffin et al., 2005)
suggests that the application is promising for farmers. For relatively small scale European
agriculture the application can be profitable in high value crops aiming to improve product quality
and maintaining soil quality. Some companies develop high precision auto-guidance of machinery
for high value crops. High accuracy, availability, reliability, and continuity of the GNSS signal are
required. The development of autonomous vehicles for field operations like weeding and patch
spraying has not yet resulted in a commercially available field robot but seems to be a realistic
perspective (Goense, 2005; Pederson, 2005).

Positioning and measurement

In the process of administration and control of EU area related aid, farmers need to declare the
location and area of parcels eligible for that aid and national administrations need to administer the
farmers’ claims and check their correctness. Hence, the application concerns using GNSS
receivers to determine the area and perimeter of a parcel. The GNSS units are mostly handheld
devices, based currently on GPS signal augmented by EGNOS system or Differential GPS with
corrections transmission via GSM/GPRS or classical radio modem. The cost of handheld devices
range from 300-600 € for simple navigational handhelds to 5.000 € for sophisticated GIS receivers
with software. A new generation of dual (GPS/Galileo) or triple (GPS/Galileo/GLONASS) receivers
is expected as soon as the Galileo system starts transmission of positioning signals. Future
innovation concentrates mainly on Galileo development which will provide improved accuracy and
availability of the position information also without local DGPS correction. The future development
should further focus on simplification of software and equipment and on reduction of the price of
devices.

Conclusion

GNSS applications are well on the way to become part of ubiquitous computing. Spatial
information becomes more and more integrated in agricultural practice, inherently precision
agriculture is steadily becoming better adopted. In basically all GNSS applications the accuracy,
availability, reliability and continuity of the Signal in Space (SIS) are important boundary conditions
for successful implementation of the technologies. Although there are other thresholds that need to
be overcome as well, Galileo will diminish the difficulties that are related to satellite derived
positioning and thereby bring the broad implementation of precision agriculture a step closer.
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A number of important other things that need to be established that will enhance adoption of GNSS
use in agriculture are:

- Translation of site specifically monitored parameters like harvest and biomass into site
specific management advice. Existing knowledge should become practice-applicable and
knowledge gaps should be filled by research.

- Standardisation of technology and data exchange so that different systems can be linked
and the information flow is smoothed. This will enhance the interoperability and the user
friendliness of GNSS applications.

- Attractive pricing of GNSS technologies. More competition amongst precision equipment
manufacturers would help to bring down the prices.
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ANNEX 2 GALILEO IMPROVES FARMING
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1 Introduction

Galileo, the European global satellite navigation system (GNSS1), is to be operational after 2010.
Galileo will be a world-wide system, designed to be interoperable with GPS and GLONASS. With
the development of Galileo, the European Commission and the European Space Agency, partners
in the Galileo Joint Undertaking (GJU2), aim to move Europe forward in the location based
technology and stimulate innovation and new business. The introduction of Galileo will bring
improved accuracy, availability, reliability and continuity of the Signal in Space (SIS). Thus, it will
take away some of the current introduction thresholds for the use of GNSS in the agricultural
community. The Galileo system and the mayor discriminators of Galileo in comparison with current
GNSS services like GPS and GLONASS are discussed. It is explained how these discriminators
benefit the application of GNSS in the agricultural community in various application areas, with a
focus on applications in the area of location specific farm documentation and registration.

The main objective of the FieldFact project is to introduce and promote the use of the Galileo
GNSS system in the agricultural community. This will be performed by means of the development
of demonstrator applications that will be used in an intensive training and promotion campaign. A
generic architecture for GNSS based applications is presented, that can be used as a blueprint for
building GNSS based applications in agriculture.

1 Current systems GPS and GLONASS are referred to as GNSS-1. Galileo is referred to as a
GNSS-2.

2 GJU disbanded at December 31st 2006. Since 2007, Galileo is the responsibility of the GNSS
Supervisory Authority (GSA).

2 The Galileo GNSS

GALILEO comprises a constellation of 30 satellites - 27 satellites with 3 operational in-orbit spares
— in medium-height circular orbits. The satellites orbit the earth in 3 planes, thus providing a
worldwide availability of a minimum of four ‘in-sight’ satellites, the minimum necessary to determine
a reliable position. This space segment is supported by a network of ground stations providing
system and satellite monitoring functions and control centers, the so-called ground segment.
Within the ground segment supplementary information is collected and broadcasted in real-time via
the navigation messages from the satellites to advise users about the performance of the
navigation signals and to advice about any malfunctions and degradations (European Commission,
2003). Galileo is designed to satisfy the requirements of a wide range of users. Table 1 displays
the services that will be provided by Galileo. The Open Service (OS) provides timing and
positioning signals free of charge and offers a basic service level dedicated to consumer
applications and general interest navigation for mass-market use. The Safety-of-Life (SoL) service
offers similar accuracy in position and timing to the Open Service, complemented by a worldwide
high integrity level, which is of importance for safety critical applications like transport and aviation.
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The Commercial Service (CS) is a restricted access service level aiming at market applications
that require higher performance than the Open Service. It provides signal encryption and a service
guarantee. The Public Regulated Service (PRS) is a restricted service for governmental
applications. The service will provide high continuity and the signal will be encrypted. Finally, the
Search and Rescue Service (SAR) facilitates important improvements in the current search and
rescue system, among others by strong improvement of the precision of the location of received
alerts.

Table 1 The Galileo Services (ESA, 2005)

Service Characteristics Free of charge for mass-market use

Safety-Of-Life (SoL) Open service + high integrity level and authentication
signal

Commercial Service (CS) Encrypted; high accuracy and guaranteed service

Public Regulated Service (PRS) Encrypted; continuous availability

Search and Rescue (SAR) Near real-time reception of distress messages, precise location
of alerts

The discriminators of Galileo compared with current GNSS services will be described shortly here,
because they explain how existing and new applications that utilize GNSS positioning data might
benefit from the innovations of the Galileo system. First of all Galileo promises to deliver increased
accuracy compared with traditional GPS services. Although the Galileo system does not
conceptually differ from GPS or GLONASS, it uses state of the art technological improvements in
atomic clocks as well as a better configured satellite constellation, thus improving the accuracy and
availability of space-based positioning. Obviously, a better accuracy of the signal will lead to a
better performance of the supported locative services and could thus lead to a potentially better
performance GNSS based applications. Increased continuity and availability of the SIS are
important characteristics of the Galileo services. This also includes a better worldwide coverage
compared with GPS. Especially areas at the northern latitudes, where GPS coverage traditionally
is poor or even unavailable, will benefit from this improvement. Another differentiating
characteristic of the Galileo system is the reliability of the signal. Galileo will provide a real-time
integrity message as part of the signal. In this way, users will be immediately notified on the quality
of the signal and possible errors. Moreover, the integrity message might be used as an authentic
hallmark for the correctness of the measured location. In the light of integrity and security, the
provision of signal authentication through encryption is another important innovation. According to
Pozzobon et al. (2004), GPS simulators are now readily available allowing the creation of false
positioning data. Evidently, protection of the signal against jamming and spoofing is of major
interest for applications that need to be legally ‘trusted’. The Galileo system will be compatible and
interoperable with the existing GPS system. Even though Galileo is designed to be an independent
system, using a combined GPS and Galileo receiver will enable a user to use both systems
together to increase positioning accuracy, availability and reliability. Using Galileo together with
GPS has shown in simulations to improve availability and accuracy of positioning information, and
also the statistical reliability, the ability of the system to identify and control large measurement
errors, is greatly increased (O’Keefe et al., 2006). Using GPS/Galileo combined capability the
stand-alone autonomous performance increases to between 0.6 and 1.3 m (McDonald, 2002). The
Performance of Galileo only is comparable to GPS only, but using the two systems combined leads
to an improvement of basically all navigational features.
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3 Added value of using Galileo in agriculture

On the modern farm gathering data regarding the production process to improve farm
management has become more and more important. Integration of spatial data in farm
management systems and in the execution of automated processes on the field, aided among
other things by using GNSS, has literally introduced new dimensions in agricultural applications.
The differentiators of the Galileo system will be the main drivers to improve the performance as
well as the profitability and economic viability of existing GNSS applications used in agriculture.
Applications that are currently only effective when using high cost technologies like Real Time
Kinematic (RTK) receivers will become available at lower cost and will thus come within reach of
the majority of the agricultural community. Furthermore, the innovations introduced by Galileo will
enable new areas of application of GNSS in the agricultural community. The three main drivers that
motivate the use of GNSS in the agricultural community (Molenaar, 2007) are: (1) Efforts to
improve production efficiency, (2) Efforts to improve authenticated documentation and (3) Efforts to
improve the control on public aid use. Production efficiency will definitely be increased if the
discriminators of Galileo can be exploited. Technical innovations on the area of for instance farm
machinery and information technology, as well as the improvement of knowledge regarding the
production process and the availability of agronomical models require more and better quality data
as input for the production process. Site-specific farm management using GNSS is already an
important tool for farmers in order to reduce costs, optimize the use of resources and optimize
yields. Galileo will refine this information to a higher resolution and provide more accurate location
based data. Assuming that agronomic models and available equipment are able to translate this
information back to the field, this will further optimize farm management. Evidently, the demand for
reliable information from the primary process has become higher in the light of for instance the
requirements for traceability in general, an increased consumers’ demand for product information
and stricter guidelines for food safety. Actors in the agribusiness chain are motivated to maintain or
improve consumers’ confidence in the agricultural production chain. A consequence of this
tendency is that the need for authenticated documentation is growing rapidly. GNSS applications
can be used to maintain or improve consumers’ confidence in agricultural production and
distribution process, for instance by facilitating the enforcement of animal welfare rules in road
transport. Precise position and area measurements can be used to generate unigque area codes
that can be used in traceability systems. Last but not least, some of the precision agriculture
techniques can facilitate compliance with the rules of various quality label schemes (Turecki,
2007). Current GNSS already facilitates the registration of the link between the product and the
location and time of production processes applied on this product. Through exploitation of the
stated Galileo innovations in the field of reliability, it will become an option to add integrity data to
this information set. With the aid of authenticated satellite signals it will become possible to provide
parties with ‘prove of evidence’ that the information was indeed collected at the specified time and
location. In this way stakeholders in for instance the logistic chain (retailers, consumers etc.) or
governmental and private authorities controlling guidelines for food safety can be served with
reliable product information. Last but not least, government and other public parties require farmers
to deliver data concerning the application of public aid, for instance related to the Common
Agricultural Policy (CAP) legislation. From 2001 to 2005, annual direct aid payments in the EU
ranged from 27.430 M€ to 33.701 M€ accounting for approximately 30% of total EU budget and
about two thirds of EU agricultural expenditure (European Commission, 2006). Thus, improvement
of the application process and of the control on public aid applications is of great economic
importance. By its improved accuracy Galileo can improve the quality of declarations of farmers
using GNSS supported devices. Applicants will be able to submit more accurate information on the
size of their subsidized parcels. Besides, like in the case of authenticated documentation, the
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addition of integrity information and the use of authentication might offer a generally accepted
certification of the submitted data. This will most probably lead to a decrease of invalid or
conflicting applications and consequently to a diminishing amount of administrative overhead.
Apart from being used by farmers, these devices can also assist inspectors in checking the
correctness of farmers’ claims. Current and future developments in local, national and European
legislation will probably further increase the demand for certified location based data. Turecki et al.
(2007) state that besides the classical EU CAP also the need to comply with agri-environmental
measures at European, national and local level and the cross-compliance legislation introduced
with the 2003 CAP reform will demand for improvements in the field of data collection.

4 The FieldFact project

Recent studies on the adoption and profitability of precision agriculture concluded that many
reasons for non-adoption of precision agriculture are present (Kitchen et al., 2002; Wiebold, 1998).
Among those reasons are the cost of technology adoption, lack of knowledge and training
opportunities and lack of data and model quality. It was also concluded that these barriers to
adoption are an opportunity for extension farm management to provide beneficial educational
programming to farmers and industry (Griffin et al., 2004). The main objective of the FieldFact
project is to introduce and promote the use of the Galileo GNSS in the agricultural community. This
is done by offering training in the use of GNSS supported applications and by organizing
educational and promotional events where the application of GNSS in the area of agriculture and
the advantages of the Galileo system are presented. The main promotional goals are to create
awareness about the circumstances and conditions under which GNSS can be used and to create
acceptance for the new technology among the European farmers. The training and promotion
campaign will be built around a series of demonstrator applications showing the advantages of
integration of GNSS in the context of farm management. In order to reach an as broad as possible
audience, two demonstrators will be developed. A ‘low-end’” demonstrator will be based on low-
cost, mass-market hand-held GNSS receivers integrated in a programmable environment (e.g.
PDA or Smartphone). This application will assist farmers in using location based information on the
farm and field level. On the other hand, a ‘high-end’ demonstrator will be implemented. This
application will be an integrated system, where time and place is added to all kinds of on-farm and
off-farm data. Integration of GNSS, GIS functionality, and agronomic models into farm
management systems will be the main focus. To get insight in the current status and the needs and
requirements for the use of GNSS in the agricultural community we have consulted representatives
of various stakeholder groups in the agricultural community. Moreover, a Critical Analysis was
carried out. In the Critical Analysis Report (Turecki, 2007) an inventory has been made of the
GNSS based applications currently in use in the agricultural sector. Subsequently a set of selection
criteria has been composed in order to be able to score the identified application areas. The
combined outcomes of the stakeholder consultations and the Critical Analysis have lead to a
shortlist of priority applications that meet the FieldFact requirements for both the low-end and the
high-end demonstrator.

5 An architecture for GNSS applications

5.1 The 3M cycle

Basically, all GNSS aided applications in agriculture seem to be characterized by the following 3M
cycle (Measure, Manipulate, Map): First of all, location based datasets are collected (Measure) in
the field. The GNSS based datasets are then combined and integrated with other existing spatial
and non spatial information sources. Subsequently, the data is processed (Manipulate) using
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specific knowledge, like for instance agronomic models, economic models etc. As a result
applications will deliver new, enriched spatial information sets (Map). Assuming that virtually all
GNSS supported applications in agriculture follow the described 3M cycle, we presume that these
applications can all be built around a generic infrastructure that supports this process. Fig. 1
portrays the components of such an infrastructure. A GNSS system provides the SIS for the
positioning component of the GNSS application. The positioning component is attached to a local
data collection subsystem, thus enabling the coupling of the current position and time with datasets
that are either collected real-time or available from reference datasets and site specific datasets
collected in the past. In order to be utilized in the production process on the farm, these datasets
need to be processed to information that is valuable for the specific application. Through spatial
data processing, typically supported by a GIS system, data can be scaled and aggregated to the
required spatial scale level. Objects originating from different datasets might simultaneously be
linked together by spatially overlaying these datasets. Finally, agronomic knowledge rules and
models will translate and enrich the combined information to the level required for the application.
This level can vary from generation of the control commands for precision agriculture machinery to
delivery of parcel information to the government in the framework of farm aid application or to the
logistic chain supporting authentic documentation.

%government

interface

Spatial

Positioning )
processing

(i
[E‘f
- -]

GNSS J

Local data |Agronomic
collection models

~
production chain

Reference sets

Spatial data sets
Location specific data

Fig. 1 Architecture for GNSS applications in agriculture

It is evident that local farm management cannot be seen as an isolated business area. It operates
in the framework of a large agricultural community comprised of different stakeholders. This
community can be represented by a two-dimensional information flow between stakeholders in the
community. Farmers are part of the agribusiness chain encompassing suppliers of inputs and
services, food industry, retail and consumers. On the other hand the farm is included in the
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regulations chain with the relation between the same farmer and regional, national and EU
government.

5.2 Open interfaces

In order to provide the required information to the outside world, local farm management systems
must be equipped with interfaces. In order to be able to meet current and future needs for
information exchange to third parties, it is of utmost importance that interfaces of farm
management systems are interoperable and standardized. A first step towards standardized
communication and seamless data exchange is for interfaces to be compliant with common open
standards. A generic architecture for GNSS applications in agriculture should thus be based on
such open standards. Among the open standards to be used in the architecture for GNSS
applications are:

Open GIS: The Open GIS specifications developed by the Open Geospatial (OGC) Consortium
support interoperable solutions that ‘geo-enable’ the Web, wireless and location-based services
and mainstream IT. A basis for these specifications is the Geography Mark-up Language (GML).
GML is an extension of XML, offering capability of encoding spatial datasets in XML. Specifications
like Web Map Service (WMS) for publishing of geographical maps and Web Feature Service
(WFES) for exchange of spatial data encoded in GML are widely accepted as the de facto standard
for spatial applications. GPX — The GPX standard (the GPS Exchange Format) is a light-weight
XML data format for the interchange of GPS data (waypoints, routes, and tracks) between
applications and web services on the Internet.

ISOBUS - ISOBUS is a specification of the electrical communication system between tractor and
implement machinery based on the 1ISO 11783 standard. The ISO 11783 standard has the majority
of its parts completed for use by the agriculture industry (Benneweis, 2005) and is becoming a
world wide standard for inter-machine communication in agriculture.

5.3 Quality aspects

It should be emphasized that the quality of collected data is an important measure for the
performance of applications that use GNSS data. In order to determine the value of the delivered
GNSS location based data, it is necessary to be able to relate the data to the quality requirements
of the receiving application or organisation. It should be clear that it is essential for e.g. a
governmental body assessing public aid applications by farmers to be able to determine the
accuracy and reliability of submitted parcel areas. Quality attributes like for instance the accuracy
and related uncertainty indicators should thus be integrated in the described cycle of measuring,
manipulating and mapping. As a consequence, it is a requirement for every GNSS application
architecture to implement quality of location based data. This implies that, besides the usual
attributes, every spatial object should implement the dimensions of location, time and quality.

6 Conclusions

The introduction of the Galileo GNSS, offering technological innovations and new business
concepts compared to traditional GNSS, will benefit the application of GNSS in the agricultural
community in various application areas. From the perspective of the increasing demand for
authenticated documentation, the improved integrity and authentication of the signal will be an
important driver for existing and new applications. The development of GNSS based applications
for the agricultural community should be founded upon a generic architecture. To be able to fully
exploit the advantages of GNSS and the Galileo discriminators, this architecture should support the
described 3M cycle (Measure, Manipulate, Map) and the concept of data quality should be

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT




“ieldFact | Sd=m

Ref: FIELDFACT-WP6-PPO-DEL-6.4-6.7

EVENTS ON GNSS IN AGRICULTURE Issue: 1.1 Date: 10-APR-2009

Class: PUBLIC Page 31/42

integrated. In order to facilitate interoperability and information exchange with external parties, the
architecture should be equipped with interfaces based on open standards.
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ANNEX 3 SATELITE POSITIONING OFFERS NEW PROSPECTS TO
AGRICULTURE

By: David van der Schans (Applied Plant Research), Tamme van der Wal (Portolis), Pavla
Sokolovska and Pavel Trojacek (Ekotoxa;) Prof . Dr Stanislaw Oszczak, Dr Adam Ciecko(UWM)

March 2008

(This article has been written in English and translated in Czech and Polish language and
disseminated among agricultural press in Netherlands, Poland and Czech Republic in 2008)

GPS receivers become common commodities for many user groups. Car navigation with GPS has
found its way to many consumers. Use of satellite positioning in agriculture is still under
development but offers great opportunities. The FieldFact project aims at creating awareness
among the agricultural sector about possibilities and advantages of satellite navigation in
agriculture. Many tractor manufacturers offer systems for guidance during farm operations. Simple
steering aids and automatic guidance simplify farm work.

Today satellite positioning makes use of the American GPS system and the Russian GLONASS
satellite system. In the near future quality of satellite positioning will be improved by the European
Galileo satellite system. Satellite positioning makes use of the so called free signals. Reception of
the signals is free of charge. But accuracy is not very high, about 5 meters. When European
systems Galileo and EGNOS are fully operational the accuracy will be better than 1 meter. In
addition better continuity and availability of the signal is expected. It is also planned that the system
will include an integrity message that will immediately inform users of possible errors.

Guidance systems

Simple steering aids are rather cheep devices, € 2.000 per tractor, that enable tractor drivers to
drive in straight parallel tracks on a farm field. Automatic guidance of tractors demands higher
investment (€15.000 - €25.000), but is more accurate, within 0.10 meter. These systems make use
of signal correction data and more complex receivers.

Simple guidance systems make work easier and save time and fuel cost. With GPS guidance
overlap of work tracks is minimized. At night or limited sight conditions like mist the operations like
fertilizer application, seeding or spraying pesticide can be continued. Especially for large farms this
can improve the profitability of expensive farm machinery.

The free GPS-signal is however not accurate enough for automatic guidance. Subscription to a
commercially available signal correction data can offer accuracy of 10 cm or even 2 cm. This is
called (differential) DGPS or (Real-Time-Kinematic GPS) RTK-GPS. Very accurate determination
and connection of tracks is only necessary in high value crops like potatoes, onions and other
horticulture crops.

Parcel measurement and monitoring

GPS location does not only help in navigation but can also be a handy tool to measure parcel
areas and distances. Devices that are in use for mobile applications are Pocket PCs, mobile
phones equipped with or connected to a GPS receiver and special software as well as rugged
professional devices for surveyors.
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To measure the area of a parcel the handheld device with GPS receiver is carried around the
parcel. The shape and dimensions of the parcel are logged by measuring GPS location of points
along the perimeter. The software calculates area of the parcel.

Knowing exact area of parcels and parts of parcels is important for parcel declaration by farmers to
get agricultural subsidies paid by European Union in the frame of Common Agriculture Policy
(CAP). This information is then reviewed by governmental inspectors/surveyors on a case-by-case
basis which selects a sample for on-the-spot checks. The exact area of agriculture parcels can be
also used for settlement of bills with contractors for their field work and determining the amount of
fertilizer, seed or pesticide needed.

(Work out this part for relevant local circumstances: e.g. in the Czech Republic LPIS farmer blocks
are declared under Single Area Payment Scheme or area-related measures of Rural Development
Plan),

While monitoring crops the location of areas with water logging, erosion, diseases and weeds can
be stored on the device and the spot can be located easily to take appropriate measures like
repairing drainage system, taking erosion control measures, spraying etc.

Satellite images

The satellites used for imaging are different from the ones that produce pictures of the earth. The
sensors in satellites capture the reflectance of the earth surface in different light spectra. Green,
red and infra red light reflectance is important parameters to determine crop status. Differences in
crop canopy can be calculated by using infra red and red light intensity. On the satellite images we
can discover differences in crop growth, but the conditions that cause the differences are not
shown on the image. The digital images can be displayed on the parcel map on a PC or the display
of a handheld GPS receiver. With the handheld GPS receiver one can take the satellite image to
the field and scout spots where differences occur on the satellite image.

By thorough study the farmer or a crop adviser can interpret the causes of the variation. Soil or
crop sampling or field and crop monitoring can help to find out how farm operations can be
adapted to differences in crop growth.

Satellite images are the first step towards site specific management of zones within a parcel.

Site specific management can increase average production, reduce fertilizer and pesticide input
and reduce environmental impact of farm operation.

There are several suppliers offering satellite images to farmers.

Differences in crop growth can be a basis for variable application of fertilizer, pesticides, seeds and
planting material. But they can also be a reason for site specific improvements of drainage and soil
cultivation to break soil layers that hinder root penetration. To practice site specific management,
mapping of parcel features and a database to store parcel data are an essential link in the
precision agriculture chain. Some farm management systems have integrated a geo database to
store and view parcel features.

Profitability of investments in satellite navigation and variable rate application depend on
possibilities to economize inputs like fertilizer, pesticides, labour, fuel and increase yield and quality
of the harvested products.

Sensors on farm machinery
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Sensing crops can also be done from tractors. Yara has developed the “N sensor” and N tech
industries developed the Greenseeker sensor. The investment in these types of sensors is rather
costly. But there are advantages to use sensors on farm equipment. Satellite images can not be
obtained when there are clouds, while sensors on tractors can be used under daylight conditions.

Besides sensing crop reflectance, yield measurement during harvest is a good way to get a picture
of production differences within a parcel. For combine harvesters and chop forage harvesters
sensors have been developed to measure yield, dry matter and protein content on the run. With a
thorough calibration for crop conditions at harvest stage they measure yield and quality rather
accurately. For crops that are not harvested with a combine harvester, yield measurement systems
are under development. The results are less accurate and there are no sensors for quality
parameters yet.

Processing and interpretation of sensing data from farm machinery sensors require special
software and a database to store the results. It is a rather complicated process that needs
specialists. In the near future these services are to be developed by agriculture extension officers.

Precision Farming

The introduction of GPS/GNSS (Global Navigation Satellite Systems) receivers in agriculture
brings about many new developments in agricultural production. The use of sensors in combination
with GNSS location offers new possibilities to optimize inputs like seeds, fertilizer and pesticides
and will improve crop quality, increase yield and quality of the harvested product. At the same time
it can be used to certify good agricultural and environmental practice. This helps the farmers and
other parties in the agricultural production chain to ensure quality and income.

Implementation of government regulations concerning land use and the use of fertilizer and
pesticides in conservation areas can also benefit from integration of satellite navigation in
agriculture.

For farmers it gets time to inform themselves about the meaning of satellite navigation and about
expected benefits of Galileo for their situation.

More information and practical demonstration will be organized by the FieldFact project during the
High End Demonstration at University of Warmia and Mazury in Olsztyn, PL on May 16" 2008 and
Bayer Crop Science Field Days in Senice na Hané, CZ, June 11" and 12" 2008.

This Project information in separate frame onthet  ext page Layout

The FieldFact project investigates the benefits and opportunities of Galileo in agriculture. The
project increases the awareness of the sector in the potentials of Galileo and promotes the
platform and associated services in agriculture. FieldFact consists of a promotion and training
campaign around demonstrators showing the integration of satellite navigation and geographic
data in farm management systems context. The FieldFact consortium is composed of six partners
(Alterra, PPO and TerraSphere, Netherlands, Joint Research Centre of the European Commission,
Italy, Ekotoxa, Czech Republic, University of Warmia and Mazury, Poland), brought together by
their long-term strategic interest and proven experience in the application of satellite based
positioning and navigation in agriculture. The project is co-financed by the European GNSS
Supervisory Authority (GSA).

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT




FieldFact | e

EVENTS ON GNSS IN AGRICULTURE

Ref: FIELDFACT-WP6-PPO-DEL-6.4-6.7

Issue: 1.1

Date: 10-APR-2009

Class: PUBLIC

Page 35/42

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT




ANNEX 4 ARTICLES IN AGRICULTURAL PRESS

nr reference target group (s) target region
(s)

1 Molenaar, K.; D.A.. van der Schans; T. van der Wal, T. Turecki and P. Troja ek (2007) How | government Europe
Galileo improves farming: effects on existing and near future GNSS applications and services in - :
agriculture in Precision agriculture edited J.V. Stafford pp. 449 — 456 agro-industries World

2 Molenaar, K (2007) Zakcomputer mist DGPS correctiesignaal. Boerderij/ Akkerbouw 92 No 12 (12 | Farmers Netherlands
June 2007) pp. 92, 93

3 Oszczak S., Ciecko A., (2006) — Analiza dokfadnosci pomiaru dziatek rolnych technikg GPS dla | Surveyors, inspectors, | Poland
celéw kontroli obszarowych w systemie IACS; Geodezja, tom 12, zeszyt 2/1, 2006 farmers

4 Oszczak S., Ciecko A., (2006) - Proposed Procedure of Validation and Certification of GNSS | Government, Europe
Instruments and Observers, 12th MARS-PAC Conference ,Geographical information in support of aaro-industries World
the CAP”, Toulouse (France) , 27-29 Nov 2006, JRC Scientific and Technical Reports — EUR 22160 9
EN — 2007, pp. 13-15

5 Oszczak S., Ciecko A., Jarmolowski W., (2007) - Certification of GPS measurements: tests in | Government, Europe
Poland, 7th G_PS Workshop, World Trade Centre in Rotterdam, Netherlands, 25-27 April 2007 — CD agro-industries
ROM proceedings

6 Ciecko A., Oszczak S., (2007) — Zastosowanie technologii satelitarnych w nowoczesnym rolnictwie | Surveyors, inspectors, | Poland
oraz walidacja i certyfikacja sprzetu pomiarowego GNSS i obserwatoréw w systemie IACS, XX | farmers
Jubileuszowa Jesienna Szkota Geodezji Imienia Jacka Rejmana, "Wspoélczesne Metody
Pozyskiwania i Modelowania Geodanych”, Polanica Zdrdj, 16-18 wrze nia 2007 (in print)

7 Oszczak S., Ciecko A., (2007) - Zastosowanie metod satelitarnych w nowoczesnym rolnictwie, ABC | Farmers Poland
Rolnicze, wrzesie 2007, pp. 9-10

8 Trojacek, P., Turecki, T., Molenaar, K., Wal van de r, T. (2007) Global Navigation Satellite | public administration, Europe

Systems: Critical Analysis of Existing and Potential Use in Agriculture. In Proceedings of the XIII.
European Conference on Information Systems in Agriculture and Forestry. ISBN 978 80 213 1643 0

academic and research
sector, service

Project funded by the Galileo Joint Undertaking
6FP 2" Call. Area 1A: User Segment, User Community
Contract: GJU/06/2412/CTR/FIELDFACT




~ijeld~act

sy

Ref: FIELDFACT-WP6-PPO-DEL-6.4-6.7

EVENTS ON GNSS IN AGRICULTURE Issue: 1.1 Date: 10-APR-2009
Class: PUBLIC Page 37/ 42
providers
9 Janssen, H.; Lokers, R.M.; Wal, T. van der (2006) Galileo zorgt voor nauwkeurige plaatsbepaling | Researchers Netherlands
en tijdsmeting; 15e VIAS-symposium, "Living labs; lerende netwerken in de landbouw, voeding en Agro-industr
groene ruimte, Wageningen, 30 November 2006. - Agro-informaticareeks 15. - p. 153 - 158. 9 y
Government
10 | Lokers, R.M., van der Wal, T., Turecki, T., (2007) . Galileo improves farming. In: proceedings of the | Research Europe
6th Conference of the European Federation for Information Technology in Agriculture, Food and Agro-industr
Environment (EFITA), July 2-5, 2007, Glasgow, UK. 9 y
Government
11 | Ciecko A., Oszczak S., Jarmolowski W., (2008) - Official Voluntary Certification of GNSS | Government, USA,
Instruments and Observers for IACS On-the-Spot Checks — ION NTM, San Diego, CA, USA, aaro-industries Europe,
January 28-30 2008 (in print) 9 World
12 | Oszczak S., Ciecko A., (2007) - Zastosowanie metod satelitarnych w nowoczesnym rolnictwie, ABC | Farmers Poland
Rolnicze, wrzesie 2007, pp. 8-10
13 | Ciecko A., Oszczak S., Jarmolowski W., (2008) - Official Voluntary Certification of GNSS | Government, USA,
Instruments and Observers for IACS On-the-Spot Checks — ION NTM, San Diego, CA, USA, agro-industries Europe,
January 28-30 2008, CD ROM proceedings, pp. 614-619 9 World
14 | Grzebellus M., Oszczak S., Ciecko A., Jarmolowski W ., (2008) — New GPS based satellite | Certification bodies Europe

methods for area measurements approved by EU — International Symposium on Certification of
GNSS Systems & Services CERGAL, Braunschweig, Germany, 2-3 April 2008 — CD ROM
proceedings, paper 30a and 30b

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT




ieldFact

e,

Ref: FIELDFACT-WP6-PPO-DEL-6.4-6.7

EVENTS ON GNSS IN AGRICULTURE Issue: 1.1 Date: 10-APR-2009
Class: PUBLIC Page 38/42
15 | Oszczak S., Ciecko A., Jarmolowski W., (2008) - Testing and Validation of GNSS Instruments | Government, Europe
and Services for Agriculture — CAPIGI 2008, Dublin, Ireland, 8-9 April 2008 — CD ROM proceedings agro-industries
16 | Oszczak S., Ciecko A., (2008) - Satelitarne systemy GNSS w rolnictwie precyzyjnym — Rolnicze | Farmers Poland
ABC, nr 6 (213), czerwiec 2008, pp. 8-11
17 | Bérawski P., Brodzi ski Z., Cie ko A., (2008) — MoZliwosci wykorzystania technik satelitarnych w | Farmers, agro- | Poland
rolnictwie — Wie Jutra, nr 8-9 (121-122) 2008, pp. 29-32 industries
18 | Oszczak S., Ciecko A., (2008) — Technologie informatyczne w nowoczesnym gospodarstwie rolnym | Farmers, agro- | Poland
— V Rolniczy Festiwal Nauki, Konferencja ,Informatyka dla rolnika” Warszawa — Brwinéw, 10-11 | industries
wrze nia 2008 - CD ROM Proceedings
20 | Troja ek, P., Smr ek, L., Sokolovska, P.,|Zem d lec 23/2008, 2 June 2008, page 20 17.000 farmers Czech
Sch'ans van der, D.: NO\{e perspektivy drl_J2|cove (agricultural weekly magazine) Republic
51 | havigace v zem d Istvi (New perspectives of 1,000 farmers Siovakia
satellite navigation in agriculture) (the published article title: Druzicova navigace v | ~ vaki
zemedelstvi (Satellite Navigation in Agriculture))
22 Agrarni obzor No 6, 11 June 2008, page 6 7. 000 farmers Czech
(agricultural monthly magazine) Republic
(the published article title: Nove perspektivy v
druzicove navigaci (New perspectives of satellite
navigation))
23 Agromanual No 6/2008, June 2008 2.000 farmers Czech'
republic

FIELDFACT Contract Number: GJU/06/2412/CTR/FIELDFACT




~ield~act

e

Ref: FIELDFACT-WP6-PPO-DEL-6.4-6.7

EVENTS ON GNSS IN AGRICULTURE Issue: 1.1 Date: 10-APR-2009
Class: PUBLIC Page 39/ 42
24 (monthly magazine on plant protection) 600 farmers Slovakia
25 Association of Private Farming of the Czech | N/A farmers Czech
Republic (Asociace soukromého zem d Istvi Republic
R)
WWW.asz.cz
26 Young Agrarians Society of the Czech Republic | N/A young Czech
(Spole nost mladych agrarnik  R) farmers Republic
WWW.Smacr.cz
27 Agrarian Chamber of Olomouc Region N/A farmers Czech
(Agrérni komora Olomouckého kraje) Republic,
Olomouc
www.Kkis-olomoucky.cz region
28 | Invitation for the FieldFact project demonstration | Czech Space Office N/A general Czech
event in Senice na Hané 11.-12.6.2008 (eska kosmické kancela ) _pubhc Republic
interested
www.czechspace.cz in space
activities
incl.
GNSS
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Articles written for GNSS in Agriculture promotion campaign by editors or stakeholders
nr | Author ftitle Magazine edition pages/ Nr of Target Target
website readers group region
(est.)
1 Hekkert, G. Dankzij stuurhulp relaxed rijden Boerderij 93 no 3, 16 oktober 2007 page 5 10.000 farmers NI
2 Interview, Gebrek aan kennis remt ontwikkeling | Landbouwmechanisatie, no 3, 01-03-2007, | 5.000 farmers NI
precisielandbouw pages agromech
3 editorial team Akkerbouw special Boeren met | Boerderij nr 13 26-06-2007 special 10.000 farmers NI
hulp van Boven
Precisie landbouw op één plek
Nieuwe sensoren push voor precisieboeren
rendement GPS moet nog blijken
Zo werken zijn met GPS stuurhulp
Nooit meer kromme rijen
4 Schel, Jasper 2007 er verdwijnt nog te veel | Nieuwe oogst 12 mei 2007 special 8.000 farmers, NI
kennis in de la contractors
advisers

Jukema, JN Laat het gewas spreken, een plant
ligt niet

editorial, sensoren optimaliseren beregening en
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bemesting
schans, d van der Spuiten met satelliet en
sleepdoek
interview, Cropview brengt biomassa in beeld
interview, sensoren zien aardappelopslag
5 editorial, Akkerbouwer zoekt bewijs voor effect | Agrarisch dagblad, 14-07-2007 5.000 farmers NI
vast rijpaden
6 Cropview brengt biomassa van het gewas in | Oosterbeek, 2 mei 2007 10.000 press NI
beeld. press release by stakeholder soil and plant farmers
laboratory.
7 Ruimteblijk op het gewas. Tarwe plaatselijk extra | Boerderij nr 13 26-06-2007 page 25 10.000 farmers NI
bemest
8 Stok, Toon van der Precis 2007 orientatie voor | Loonbedrijf 7, 2007 pp. 46,47 2.500 contractors | NI
gebruik GPS-systemen.
9 vliet, Petra van, Blgg brengt met Cropview | www.Agriholland.nl 03-05-2007 farmers, NI
verschillen in biomassa van gewassen in beeld advisors
10 | teeltadvies op maat www.ziezo.biz, 07-03-2007 farmers, NI
agro
industries
11 | Ruimteblik op het gewas, beregende tarwe veert | Boerderij nr 10 29 mei 2007 10.000 farmers NI

op
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12 | Drenth, Harma (2007) Nooit meer het spoor | Akkermagazin, nr 12, 20 juni 2007 p12,13 5.000 farmers NI
bijster
13 | Planten van aardbeien met GPS biedt extra | Agrarisch dagblad 20 juni 2007 5.000 farmers NI
zekerheid agro
industries
14 | Overzicht stuursystemen Demonstraties Precies | Loonbedrijf 1 juli 2007 Special 2.500 contractors | NI
2007 farmers
Echte precisie heb je niet voor een paar duizend agro
euro mechanisa
zorgvuldig graven aantoonbaar gemaakt tion
pracht techniek te weinig gevraagd
kwestie van tijd
maaien op het randje
alles in de hand
15 | Verstegen, S.(2007) Precisie landbouw zal zich | Groenten en Fruit (31) june 2007 P 30,31 5.000 vegetable | NL
ontwikkelen als een mobieltje producers
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