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Abstract. Since the application of information and communications
technologies (ICT) to agriculture is far from the potential, we investi-
gate how to systematize the process of transformation. In this article,
we propose a new approach to design intelligent systems for the man-
agement and supervision of smart agriculture, as well as an example of
its application in the beekeeping sector. It consists of the analysis of all
the decisions that can be made using a spatio-temporal matrix that cou-
ples the time horizons to the modeling approaches. The final goal is to
develop a reusable architecture for smart agriculture.

Keywords: Intelligent system - architecture - smart agriculture - smart
Beekeeping.

1 Introduction

Many applications in manufacturing systems require a combination of new tech-
nologies, which is giving rise to the emergence of Industry 4.0. The main tech-
nologies used by Industry 4.0 are Cyber-Physical Systems (CPS), IoT, Big Data,
Cloud Computing. ..

CPS is mechanisms that allow monitoring using communication, data storage
and computational capabilities directly incorporated into objects [3]. In fact,
embedded software in CPS uses sensors and actuators, connect with each other
and with humans communicating via standard interfaces, and have abilities of
storage and processing of data coming from sensors or from the network.

* The authors gratefully acknowledge the ministry of agriculture and food which is
financing PNAPI through CASDAR (the special appropriation account “Agriculture
and Rural Development”) under the project number 18 ART 1831 as well as the
support and help of Alexandre Dangléant, ITSAP (Technical and Scientific Institute
of Beekeeping and Pollination).
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The main issues that impact agriculture systems are similar to those pre-
sented in manufacturing systems and are primarily related to their sizing, to
the understanding of their mechanisms, to the improvement of their productiv-
ity and to their performances evaluation. These studies are undertaken by using
various techniques of modelling and performances evaluation. In order to be able
to implement them, and because of their complexity, it is necessary to use a mod-
elling methodology. This paper presents the first step to analyse and list all the
model approaches in function of the time horizons. The proposition is illustrated
with a use case on the beekeeping domain. The beekeeping industry faces many
problems related to the health of bee colonies concomitant with a general decline
in production. Scientific work focused on understanding these phenomena has
allowed identifying several causes and establishing concrete elements to guide
the decisions of beekeepers [10].

The paper is structured as follows: Section 2 presents a synthetic review of
work about smart agriculture and more specifically on beekeeping. Section 3 de-
picts the approach used to analyse an Agriculture 4.0 system with an application
to beekeeping. Finally, Section 4 presents conclusions and perspectives.

2 Related work

2.1 Digital agriculture

The agriculture will be a very interesting area to exploit the concept of CPS
[1]. Indeed, following on from the industrial revolution, the agricultural sector
moved from traditional agriculture to the implementation of a full range of mod-
ern systems. These systems allow data management of production experiments,
fundamental geographic information of farmland, micro-climate information and
other data. The same kind of implementation can be used for beekeeping data
management.

IoT is another very important paradigm used in agro-industrial and environ-
mental field [14,15]. The authors in [14] explain that one of the main require-
ments for devices used in IoT projects is that they must be energy-efficient. It
is a main point on the project, to be able to evaluate the energy impact of the
proposed architecture. The authors also explain the interest of Edge Computing
in the future of agriculture. The IoT driven by Al-based recommendation model
is one of the greatest promise of development [15].

2.2 Beekeeping and IoT

To the best of our knowledge, only few papers speak about connected beekeep-
ing. A guideline to move from primitive beekeeping to CPS one is explained in
[17]. They converged with the work of [1] which deal with the agriculture area
generally.

Some authors proposed architectures with sensors for connected beekeeping.
In [7], authors proposed easily replicable technical solutions, based on accurate
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and affordable sensors and a cloud architecture to monitor and follow bees’
behavior. For its part, Dogan et al. [9] explain how to build a hive with different
sensors and proposed an architecture to exploit them. The figure 1 shows this
architecture. They planned to implement an application that allows users to
monitor collected data. The information is received by the server in XML or
JSON format and visualized and reported by the user application. Users can be
notified in real time as well as in the past for specific time period information.
They planned to develop a notification mechanism about threatening conditions
of bee security or at a time interval determined by the user. A simpler case
is shown in [16] with basic Hardware and Software to measure humidity and
temperature in a hive. Becher et al. [2] propose a review of the different models.
The authors do not use the concepts of IoT and CPS and focus on the behavior
of honeybee colonies.
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Fig. 1. The general software architecture of the system proposed by [9]

In [8], the most common and popular approaches for solving problems with
the bee population by tools of IoT are analysed. These solutions can be im-
proved by using a new type of hardware infrastructure components and modular
architecture that are proposed. The proposed solution is directed to small bee
producers with the accent on economical and practical benefits. This architecture
is network protocol oriented.

Several authors focused on data analysis. In fact, Mikolajuk [11] proposed
to use OSEMN process which is a standard and widely accepted model of or-
ganization of research in the data science. It can solve the problems with data
science/analytic at a large scale. This process is composed by steps to obtain,
scrub, explore, model and interpret data from sensors that are located inside and
outside hives. The sensors located inside hives collect data about temperature,
humidity, weight, noise levels, and more. These data are used to monitor the
condition of the bee families. External sensors are situated in different locations
in the apiary and collect environmental information (temperature, humidity and
CO02) that gives a clear and accurate idea of the particular weather, air pollution,
and so on. Cauia et al. [4] proposed to use data to optimize the breeding of the
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honeybees. The data are from genetic area and the observation of the colony.
The important question raised by this article is the use of external data to build
decision support systems. More recently, text mining and deep learning are used
for assisting beekeepers during the process of taking care of their apiary [10].

The literature about beekeeping proposed only applications from microscopic
level and with an operational view. The architectures proposed for Agriculture
4.0, the CPS and edge computing concepts could help to build beekeeping archi-
tectures. We also need a methodology to know how to use and to help to build
an architecture that fulfills all the needs at different levels.

3 Analysis with a spatio-temporal Matrix

3.1 3x3 Matrix

Several authors propose to start the study of a domain with the goal to design
decision support systems by filling a ”3x3 matrix” composed of two axis: the
temporal horizon and the modeling level (table 1). For example, Comelli et al. [6]
propose a methodology to evaluate the supply chain. The first step is to analyze
the literature by comparing the horizon levels and the different flows. Chabrol et
al. [5] propose to couple the time horizons to the modeling approaches to design
decision-making aid tools for the hospital systems. In the thesis of Rodier [13],
she used this kind of matrix several times to analyse and design decision-making
aid tools for different kinds of hospital care units.

Table 1. 3x3 Matrix

Macroscopic|{Mesoscopic|Microscopic

Strategic (year)
Tactic (week/month)
Operational (day/week)

3.2 Use case on beehives

This section show the implementation of the spatio-temporal matrix on the
beehives domain. To find the different kinds of decisions, we have done the
cross-analysis of data of different sources; (i) from the expert of the domain
and additionally (ii) from the literature presented in the section 2.The expert,
our partner in this project, validate all the process. The matrix is divided in
three tables. The macroscopic level (Table 2) corresponds to a territory as the
European Union, a country or an area. The mesoscopic level corresponds to the
process on an apiary (Table 3). The microscopic level (Table 4) corresponds
to activities on a beehive. The strategic decisions consist of sizing the system,
the process or the activities. The tactic decisions consist of planning the flow
of a system, the process or the activities. The operational decisions consist of
evaluating and adapting the system, the process or the activities.
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Table 2. Macroscopic

Macroscopic: global view

Land (Europe, France, area)

Strategic Sizing the system:

— prediction (health status, production)
amount of beehives or apiaries

scalability of the database (infrastructure)
— normalize the logbook of an apiary

Tactic Plan the flow of the system:

— identify the different parameters (user data, cartography of the
resources,. . . )

Operational Evaluate and adapt the system:

— collect and analyse the data like warning (health,. .. )
— management of exceptional events (warning)
— inform the beekeepers

Table 3. Mesoscopic

Mesoscopic: process view

apiary

Strategic Sizing the process of apiary management:

define the criteria (resources, kind of bees)
— amount of beehives

— define the type and the amount of feeding
define the type and the amount of treatment
write a health risk management

Tactic Plan the process:

— identify the implementation area:

e dynamic process

e decision making process of the beekeepers
— identify the resources (human and material)
— identify the intervention schedule

Operational Evaluate and adapt the process:

— update the register

— modify the planning

adjust the amounts according to the needs
transmit data included alarms
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Table 4. Microscopic

Microscopic: activities view

Beehive

Strategic Sizing of the activities:

1. define the type of the beehive (related to the environment)
2. define the type and the amount of feeding
3. define the type and the amount of treatment

Tactic Plan the activities:

1. identify the amount of feeding
2. identify the interventions (watching, feeding, treatment,...)

Operational Evaluate and adapt the activities:

1. number of warms
2. modify the planning
3. adjust the amounts according to the needs

3.3 ApiSoft: purpose-built application for beekeepers

In this subsection, we present an example of application on a project. This appli-
cation called ApiSoft has been developed as part of an internal research project
in our laboratory. It is an implementation of part of our architecture. ApiSoft
meets operating needs and constraints. It assists the beekeeper in the follow-up
of his apiary in order to maximize the harvests by constantly monitoring their
apiaries and thus independently communicate the state of the hives. The func-
tionalities of this application are simple to use and considerably facilitate the
task of the beekeeper in acquiring data in the field by his tactile input and the
saving of his follow-up sheets in a cloud.

The main functionalities are represented in the figure 2 with an Use Case
diagram. The figure 2 also shows an extract of the ER model represented by
a class diagram. A client is installed on the users’ smartphone and all the ser-
vices are accessible via internet. For example, the alert management service is
centralized on the cloud. It analyzes the data, makes decisions and it notifies
if necessary. The application ApiSoft is able to extract relevant information by
processing data from different sources like social media, web, data provided by
experts and this application is embedded on the beekeepers’ smartphone. Once
data are collected, ApiSoft can send alerts, information and pieces of advice
about the state of apiaries to all subscribers according to their specific interests.

The figure 3 presents the interface where the beekeeper can collect data
about a beehive (ruche in French) after selecting the apiary (Rucher in French).
The interface is also connected to external data like the weather. The beekeeper
can add other kinds of data: before opening the beehive (Avant ouverture de la
ruche) and after opening the beehive (Aprés ouverture de la ruche).
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ApiSoft |

— Manage Apiary
. _— - -
Beekeeper Assistant R Notify alerts or tips
|
«Systems i

. Hive agent
M Pl
B R —
_— Collect Data from hive

“MEIFOIIW-upsthI.+mmu'll"‘ keeper-Assistant |7} Beckeeper |
. :

Fig. 2. Two extracts of UML diagrams from the specification

Fieke de gaivi

Rucher |Rucher de Paris -
Ruche |numero 1 -
Date 01/01/2016 -

Avant ouverture de la ruche
Nombre de Hausse 0
Trafic 4 lentrée Trés faible -
Toit en place 7

® Qui MNon

Porte d'entrée en place 7

® Qui MNon

Aprés ouverture de la ruche

Nombre de cadre Surface occupée (en %)
Courvain 1] s/ lo =
Pollen 0 </l v
Wiel 0 <l |o 5

Hausses occupées | Q

Attitude des Abeiles | Douces v

Fig. 3. Screenshot of the ApiSoft application: interface to collect data for beehives
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The figure 4 shows the data for all the beehives (ruche) of an apiary (Rucher).
Different data are shown like the Traffic, the attitude, if the queen (Reine) are
marked, if the beekeeper saw some symptoms and if the beehive received a
treatment (Traitement).

n® ruche nbr Hausses  nbr Hausses aprés Traffic Attitude Reine population symptomes traitement

1)1 8 7 moyen Douces Bleu Normal tropdevaroa  RAS
21 5 5 éleve Douces Jaune trops d'abeilles  Hausse noir RAS

32 5 4 moyen Agressives Nonmarquée  Normal Hausses noires  RAS

Fig. 4. Screenshot of the ApiSoft application: list of data for beehives

The intelligent system architecture is based on the collection of heteroge-
neous data. The data collected here allows designing decision making aid tools
to help beekeepers to take care of their beehives. In fact, the data collected are
automatically analysed by the application. The decision that can be made cor-
responds to the last two lines of the table 4. Indeed, it fits with the microscopic
level (decision on beehive) and the time horizons are tactical and operational.

4 Conclusion

This paper presented a part of a general approach to design an intelligent system
architecture with an application on smart beehives. More precisely, it proposed a
new methodology in order to design decision making tools for smart agriculture.
This is the first step of a global methodology which could model, evaluate the
performance, manage, supervise digitalized agriculture systems.

All the modeling approaches are added in a spatio-temporal matrix with the
time and the geographical horizons.

A use case on the digitalized beekeeping domain is shown. One example of
application is depicted for a tactical decision in the apiary.

The next step of this work will be to continue the development of a global
methodology for tackle issues related to smart agriculture. The development
of a global architecture linked to the methodology to register all the data at
different levels is also a very import perspective. This architecture would be
based on Industry 4.0 and fog computing (Edge Computing). Indeed, we want
to have databases with different hierarchical levels. Edge Computing and/or Fog
Computing seem to be a good solution and we could use architectures proposed
by these concepts [12].
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