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ABSTRACT. The present paper describes the main idea of a new information system
architecture dedicated to the animal geolocation acquisitions. It is applied to
traceability of beefsin Brazl. In case of sanitary alerts, the system should be able to
determine the animals which have been in contact with a diseased animal. This
proposal is issued from studies undertaken in the project OTAG" supported by the
European Union. OTAG focuses on improving methods and geotechnologies for
recording reliable and accurate data on beef production. OTAG develops an
operational geo-decisional system to track and trace the mobility, provenance, and
state of beef cattle. The presented method enables the acquisition of animal
geolocations at a large scale. It minimizes the quantity of devices equipped on
animals, and consequently the global economical and energetic costs of the system.
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1. Introduction

The main goal of this application paper is to sunthe first studies undertaken
during a project supported by the European Commualtout geolocation and
agricultural traceability.

The present paper introduces a first proposal ahitacture for animal
geolocation acquisitions at a large scale. It ipliad to traceability of beefs in
Brazil. This proposal is issued from the projectATI (Operational management
and geo-decisional prototype to Track and trace i@@ural production). The
project is a specific support action of th& Buropean Framework Programme. It
concerns the bovine traceability in the contexSofithern Cone Countries and EU
policies. During the project, we proposed a newegation of methods to make the
bovine traceability more reliable. The main ideatld solution is to use the last
technologies of communication in order to memomz@recise history of animal
geolocations. With the proposed system, decidelishave relatively exhaustive
information about contacts between animals. In cdsanitary alerts (e.g. epidemic
disease), they can deduce and delimitate very gagcithe animals and the
geographical areas (farms, pastures, etc.) havipptential risk. A goal of the
solution presented in this paper is to minimizeg¢benomical and energetic costs of
the geolocation acquisition.

In the last years Brazil has become the most imponpbroducer and exporter
country of beefs in the world, with 2 millions toims 2007. However, to maintain
itself on this important economic position, Braa#eds constantly to improve its
production systems as well to invest in aspectatedl to sanitary control. Brazil
must fulfill the new requirements of markets such the ones of European
Community. The Brazilian beef production is develdpall over the territory. It
includes a population of 165 million of animals,daapproximately 225 million
hectares distributed in 2.20 million properties@B, 2007).

The next section presents our analysis of exidtagpability systems, and set the
place of our proposal. Section 3 introduces theesg@rarchitecture of our system
and the main actors we consider; the possible asescof the system has been
studied for each actor. Section 4 describes oun id&ia for acquiring geolocations
of animals. The presented method enables the atoiisf animal geolocations at a
large scale. It minimizes the quantity of deviceguipped on animals, and
consequently the global economical and energetatscof the system. Section 5
explains some models of databases that will be tsstbre animal geolocations.

2. Bovinetraceability: existing systems and new needs

In Brazil there are two information systems relatedbeef cattle production.
SISBOV (traceability service of beef cattle prodaoict chain) contains general
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information about the animal life inside the farfrgm birth to death e.g. date of
birth, vaccinations (SISBOV, 2008). The farms whatend to export their
production must use this system. To control themahimovement, Brazilian
Ministry of Agriculture, Food and Livestock (MAPA)ses GTA system (Animal
Traffic Guide). GTA is used to record places ofgorj as well as farm entry/exit
dates of animals. The information managed by SISB&M GTA systems are
complementary.

In Quebec, the Ministry of Agriculture has entrast&gri-Tracabilité Quebec
(ATQ) with developing and managing livestock id&oéition and traceability
system (AGROTRACABILITE, 2008). Quebec's livestodlentification and
traceability system allow knowing the main locaiasf each animal, its history, its
transit and the animals which have been in contaitt it. There are 3 types of
information stored in the national ATQ database:

- the animal identification (thanks to an RFID ea)ta

- the site identification (an unique seven-digit nemfor each site, like farm,
slaughterhouse and so on),

- the recording of each animal movement (and somgiawial events).

In Europe the regulation for animal identificatiamhich is the responsibility of
the Ministry of Agriculture of each individual EWantry, is based on 4 principles:

- allocation of an unique national number for eadiman

- recording of the information regarding to the idignof every bovine into a
cattle register held (recording made by producergéch livestock),

- communication of this information to a national qarterised database,

- production of an identity document (cattle pas9ptataccompany every
bovine travel.

These rules are the same in all the EU countri¢s soéme local adaptation.
There are official procedures to make the equivadeof the data from different
country.

In France, the Ministry of Agriculture delegate thpractical running of the
identification process to an official regional bo(Btablissement départemental de
I'élevage). The database for the registration efri®in France is the BDNI (Base
de Données Nationale d’ldentification). It was tegain 1999 by the Ministry. In
January 2008, there was around 19,900,000 bovegstered and 246,000 farms.
In France, there is also a project named GIEA wlikHocused on the data
management of the farm (GIEA, 2008; DUFY et al.p20BRUN et al., 2005;
POYET et al., 2003). A goal of this project is tmpose a standard data format to
facilitate information exchanges between agricaltursoftware and French
information systems. Once implemented in the mafiware applications used by
famers, this standard could be employed to enceda blefore their transmission
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between farms and national information systems.UML modelling of the GIEA
data format is available (PINET et al., 2009 ; BQO& al., 1999).

Traditional systems are able to memorize the mainne movements (e.g. from
a farm to another), or to capture the geolocatibaroanimal when a transporter
scans its RFID tag with a specific device (see A3y3tems). Now it should be
possible to envisage a new generation of bovinee#aility systems in which the
different locations are automatically recorded savBmes per day for each animal.
Memorizing the precise history of animal geolocasiovill improve considerably the
traceability especially for countries having veayde pasture areas (such as Brazil).
With these new systems, deciders will have relftiexhaustive information about
contacts between animals. In case of sanitarysalédréy can deduce and delimitate
very precisely the animals and the geographicasatlarms, pastures, etc.) having a
potential risk.

An objective of OTAG is to propose a technologisalution and a global
architecture for a new generation of animal tradiglsystems. For measuring the
animal geolocations in the pastures, the projecp@sed the use of electronic
devices embedded in necklaces carried out by b&éfen these data will be
centralized in databases at different levels. Thieserds will constitute a valuable
information source for providing an efficient tratdity of animals, and as a
consequence, a better sanitary control and a reléimentary security.

3. OTAG solution: architecture layersand identified actors

The OTAG architecture is organized in four layesssahematized in Figure 1.
The layer 1 concerns the acquisition of georefardndata in the agricultural
pastures; the data are captured thanks to embedeeidonic devices carried out by
the animals. The layer 2 is responsible for stodallected data at the farm level in
using local information systems and databaseshdnayer 3 the information of all
the farms supporting our system are centralisedsame transactional database. The
layer 4 is dedicated to the geo-decisional anglysismain goal is to help public
authorities make decisions (for instance in cassawiitary alerts). This last layer
could be supported by different geo-decisionalg¢auid a data warehouse that will
integrate the database presented in layer 3 witbrabexternal sources of data e.qg.
information about ground, pastures, climate, etc.

We propose bellow the use cases of the possiblagwnists involved in the
system.

Government. Data about animal geolocations can be analysedubljcpauthorities
in order to make decisions in different situatiartgen a sanitary alert occurs.
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Consumers. The consumers are the domestic market of bovindg.na system
could give information for those actors about piiaun system practices and about
the animal life and its origin. Those data contrébior increasing product quality.

Researchers. The researchers could get many information from shstem, to
compare the results of different production systesesd in farms, to analyse data
from different sources in order to study the rempéact of grounds, pastures and
climate in the bovine production systems and tdyaeain a more realistic way the
relation between animal movement and illness agecce.

Farmers. Farmers are the most important actors in the sysfeme quality of
information depends directly on the benefits thatytcould get by using the system.

Layers Actors

Geodecisional
Tool |

Government
Eesearchers
Consumers
Farmers

DB for
Geodecisional
Bystems

=
=

Geodecisional
Tool 2

Conbial Central Government
DB System Eesearchers

Local
System

Other databases

4

Local
System

Farmers

Farm 2

Figure 1: Layers of the traceability architecture

4. New principles of data acquisition

An innovative mechanism has been proposed to azgeiolocations of animals.
In the proposed system, geolocations of animalksh&ilmeasured periodically, by
the use of specific electronic necklaces on themalsi, and by considering the
concept of “master” and “slave” animals.
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In a herd, several animals follow the same leadana. In fact, there are groups
of animals and all the animals inside the groupgoflthe same leader. In the
proposed system the leader animal will have a 8péanaster” necklace and will

capture periodically the identification of the “gtd necklaces of all animals close to
it.

undetected
animal

' ! UHF detection range of master necklace

animal with master necklace (GPS, UHF, data storage capacity)

permanent data collector station of the farm

wireless transmission of the animal identification code

O animal with slave necklace (UHF only)
9
—

wireless transmission of the history of all the data recorded by a
master necklace

Figure 2. New principles for the acquisition ofraal geolocations
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The animals that are used to be leader must bedtwfod identified in the herd
by the farmer and they will be fitted out with aesfic “master” necklace. This type
of electronic necklace includes a GPS module, a daitrage capacity, and a UHF
(wireless) communication module. The other aninzals equipped with a “slave”
necklace that includes only a UHF system that élue signal their presence to the
master animal. The master animals are able to d#tegresence of neighbours in
using their UHF modules. The test of detectionrelSpnce is initiated every hour by
the master necklace; indeed, every hour, it sendgalke up call to the slave
necklaces close to it. Once they received thisasighe slave necklaces send their
identification code the master necklace. At thatrmant, the master necklace records
all the identification codes it received, as walits GPS position and the current
time. This method allow recording inside masterkiages, the rough geolocations
of the slaves necklace. Only the position of thesteranecklace is acquired by the
GPS module, but one can consider that the reatiposiof the slave necklaces are
not very different from the one of the master. &b data recorded by master
necklaces are transferred automatically to a peemtadata collector station when
the master animals pass it. With this new methioel ,nhajority of animals have only
a UHF module. This technique enables the acquisitioanimal geolocations, and
minimizes the quantity of devices equipped on atsmend consequently the global
economical and energetic costs of the system (inaduthe maintenance costs).
Figure 2 sums up the proposed architecture. Astiited in the Figure, while some
isolated animals can remain undetected, some ottaersbe detected twice. The
collected geolocation data will be centralized ifoeal database at the farm level,
together with the traceability of different othefdrmation concerning the health of
animals (weight, vaccination, body temperature,) etc

5. Design of local systems

The model that describes data of local systemsi(layin Figure 1) has been
formalized with UML. This type of representationtiee better means to describe
precisely data handled by local systems. The mbaglbeen built iteratively thanks
to meetings and discussions between the diffeemgarchers involved in the project.
Local systems are based on concepts like farm,efqroattle area, paddock, animal,
sanitary event and geolocations. These concept® dmom practices of Brazilian
beef cattle production systems.

The diagrams of Figure 3 and 4 are subparts gbthposed conceptual model of
the local database; they sum up the main data. famm is an agricultural
establishment that belongs to one owner. Eactecattla is under the responsibility
of a farmer, that can be the owner or a leaseholthrh cattle area corresponds to a
geographical zone with one specific production eysiextensive, semi-intensive
and intensive), that can change periodically. Hnesa is divided into paddocks; the
paddock is associated with a feeding system, thatbe modified throughout the
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time. A group of animals can be moved from a paéldoanother one. The animals
periodically receive vaccines. Their weight and irthbody temperatures are
periodically observed. Moreover, different fundata¢revents are recorded: birth,
death, entrance and exit of the farm. The positigrof the animals is measured

periodically thanks to necklaces.
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Figure 3. Main concepts of the local databaseg (Bar
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Figure 4. Main concepts of the local databases Bar

6. Conclusion

OTAG focuses on an important target that involvelarge number of actors
around an proprietary subject for the human healthe development of the
operational prototype is a very important requiratrte move towards an efficient
system for the bovine traceability. The system khdae useful by governmental
institutions in real situations.

Currently, the main architecture of the system haen proposed. The first
version of the model of the database of local systeas been built, and an hardware
prototype of necklace has been setting up (OTAG ®ER, 2008). A specific code
has also been implemented to simulate the movirggaips of animals; it could be
used to estimate the evolution of the number ofdetected animals depending on
the number of animal fitted out with a master nackl The next steps concern
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mainly the development of real experiments with esalv necklaces, and the
specification of geo-decisional analyses.

At the level of layers 3-4 (Figure 1), in orderdget an acceptable response time
for answering user queries, it will be necessanpoiganize the great amount of
collected data. The possibility of integration wékternal databases is studied. This
can contribute for a better analysis aiming theisi@ec making about the farm
production. For instance, the integration of OTAtptype with databases about
ground, pastures and climate can increase thetgudlinformation concerning to
beef cattle production.
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