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Preface

This volume contains the proceedings of the 15th APCA International Conference
on Automatic Control and Soft Computing (CONTROLO’2022), to be held in
Caparica, Lisbon-Region, Portugal, from July 6 to 8, 2022. The aim of
CONTROLO’2022 is to provide an opportunity for presenting new research results
and to discuss the latest developments in the fields of control, automation, robotics,
and soft computing. In order to mitigate constraints associated with the still present
pandemic situation, CONTROLO’2022 is designed for the first time in the series to
be a hybrid conference accommodating in-person and remote participation.

This edition of the conference has been organized for the first time in Caparica,
Portugal, by members of the Electrical and Computer Engineering Department
of the NOVA School of Science and Technology of NOVA University Lisbon, and
Centre of Technology and Systems of UNINOVA.

The three days of the conference accommodate a rich technical program
including three keynote speakers, two panel discussions, and the presentation of
technical papers.

We are fortunate to benefit from having three outstanding invited keynote
speakers from academia:

– Prof. Davide Scaramuzza, from University of Zurich, Switzerland, offering a
talk on “Learning to Fly Agilely”;

– Prof. Carlos Balaguer, from University Carlos III of Madrid (UC3M), Spain,
delivering a talk entitled “Intelligent Humanoids: From Labs to Real World”;

– Prof. Rita Cunha, from Instituto Superior Te ́cnico, University of Lisbon,
Portugal, presenting a talk entitled “Advances in Motion Control of Aerial
Vehicles”.

We received 102 submissions, and 69 were selected for presentation. At the end,
65 were included in the program and in this book of proceedings, structured in 14
oral technical sessions.
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We would like to thank all the authors for their contributions. We also wish to
acknowledge the contributions of all members of the Technical Program Committee
and Reviewers, coordinated by Prof. Bruno Guerreiro, Portugal, and Prof. Tarek
Hamel, France as Technical Program Chairs, who, providing 317 reviews of high
quality, greatly contributed to the improvement of the quality of the final works.
The program also greatly benefited from the initiative of Special Session Organizers
that promoted the launch of call for papers in focused topics.

The success of any conference depends on the quality of the program and
participation of people. We expect that this book will provide CONTROLO’2022
participants and readers with new and inspiring ideas and challenges.

Last but not the least, we would like to acknowledge the contribution of all
members of the several committees that contribute to putting together such an
exciting program, including the contributions from Steering Committee members
and APCA Directive Commission, as well as all technical co-sponsors, namely
IFAC—International Federation of Automatic Control, CEA—Comité Español de
Automática, SBA—Sociedade Brasileira de Automática, SPR—Sociedade
Portuguesa de Robótica, SPEE—Sociedade Portuguesa para a Educação em
Engenharia, and ISA—International Society of Automation, Portugal section.

We are also grateful to all members of the Local Organizing Committee who
generously has spent their time to help in the organization of the event.

Finally, we should like to acknowledge the excellent cooperation with Leontina
Di Cecco, of Springer-Verlag, and her colleagues in the preparation of this work.

Luís Brito PalmaMay 2022
Rui Neves-Silva

Luís Gomes
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Promoting Olive Groves’s Soil Quality by a
Digital Twin’s Predictive Based Control: the

sensor’s network

Let́ıcia Silva1,2, Romina Giugge1, Francisco J. Rodŕıguez-Sedano2, Paula C.
Baptista3,4, and João Paulo Coelho1,3

1 Research Center for Digitization and Intelligent Robotics (CeDRI). Polytechnic
Institute of Bragança, Campus de Santa Apolónia, 5300-253 Bragança, Portugal.
2 Robotics Group, Engineering School, University of León, Campus de Vegazana,

24071 León, Spain.
3 Polytechnic Institute of Bragança, Campus de Santa Apolónia, 5300-253 Bragança,

Portugal.
4 Mountain Research Center (CIMO), Polytechnic Institute of Bragança, Campus de

Santa Apolónia, 5300-253 Bragança, Portugal.
jpcoelho@ipb.pt

Abstract. In Portugal, the olive groves soil has been subject to severe
degradation due to harsh farming techniques combined with uncontrol-
lable conditions such as climate changes and steep terrain orography.
In this framework, this tendency must be reverted by adopting differ-
ent farm management policies. The MAN4HEALTH project address this
subject in two-folds: one, at an agronomic level, where the soil will be
protected by growing a layer of indigenous plants and other, that resort
to the soil’s digitization in order to improve the deployment of fertilizers.
This paper addresses the latter and aims to provide an overall descrip-
tion of the architecture of a predictive control system based on the soil’s
digital twin. In this control paradigm, an artificial intelligence layer will
follow the entire cultivation process through the development of a soil’s
digital twin. This model will be able to describe the spatial and tem-
poral dynamics of fertilization policies and be included within a model
predictive control strategy in order to both decrease the concentration of
chemicals released into the soil and promote the economic income of the
farmer. In particular, this paper tackles one of the phases of this project
where soil digitization must be carried out in order to feed the data to
the digital twin. In particular, the description of the sensor network and
the data management architecture.

Keywords: Smart Farming, Agriculture digitization, Digital Twins, Sen-
sor Networks, Model predictive control.

1 Introduction

The olive tree (Olea europaea L.) is a species of great socioeconomic importance
in countries with Mediterranean exposition. In recent decades, olive grove soils
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have been subject to severe and rapid degradation processes due to intensive cul-
tivation, excessive use of chemicals fertilizers and pesticides and climate changes
[1]. Portugal, as one of such countries, is the fourth largest European olive oil
producer and the eighth largest in the world. In Trás-os-Montes, the second
largest olive oil producing region in Portugal, the problem of soil degradation is
even worse since olive trees are cultivated in very steep area and on soils with
low fertility and poor vegetation cover [2, 3].

The MAN4HEALTH project addresses this problem by promoting and imple-
menting innovative soil management practices together with smart technologies.
This project, funded by the Portuguese NORTE 2020 program, have started on
March 2021 and is expected to end in February of 2023. Because of the mul-
tidisciplinary nature of this project, the consortium has contributions from the
Mountain Research Center (CIMO) and Research Center in Digitalization and
Intelligent Robotics (CeDRI) research centers. In particular, the MAN4HEALTH
seeks to optimize soil health in an holistic framework by developing tools that
apply innovative agricultural techniques and management strategies. Improving
and preserving the health of the soil is a very challenging since the there are a
broad and complex set of conditions that affect it which justify the need for differ-
ent approaches in distinct knowledge areas. In this context, the MAN4HEALTH
project is structured around two main lines of action: at the soil management
level and by adding a control layer based on machine learning techniques.

The first line of action aims to evaluate the use of well-adapted native plant
species as cover crops in olive groves. Specifically, an attempt is made to find a
mixture of plants that will be used as vegetation cover to improve soil quality.
In the current context, the quality of the soil is taken in a broad sense by in-
cluding biological, chemical and physical parameters. This vegetation cover will
have the essential functions of protecting the soil, promoting olive production,
reducing pests and diseases and improve the sustainability for olive growers [4].
Finally, the second line of action describes the objective of the present work.
In particular, it will develop a virtualization layer for agricultural production
in which, a digital twin of the soil will be implemented [5–7]. This model will
be used to make long-term and short-term predictions of the impacts caused
by specific land management policies regarding soil’s status. In addition, a pre-
dictive control system model, based on this digital twin, will be developed and
tested aiming a reduction in chemicals delivered in the soil during the production
cycle. Details regarding this strategy will be presented in Section 2 where the
overall control architecture is described and discussed. The remain of this paper
includes Section 3, where the information ecosystem is presented in parallel with
a description of the pilot case where the experimental setup will take place, and
Section 4, devoted to present the future work directions and concluding remarks.

2 Problem statement

As highlighted during the previous section, this work concerns the development
and integration of a model predictive control strategy in order to regulate the
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amount and when the fertilizers should be added to the soil. In order to accom-
plish this task, it is necessary to describe how the soil fertility behaves regarding
changes in weather and environmental conditions, artificial nutrients addition
and the soil’s spacial heterogeneity. Moreover, the different crop nutritive re-
quirements, along its vegetative state cycle, changes and must be included in
the model. In this frame of reference, the spacial and temporal behaviour of the
soil regarding its mechanical and chemical properties will be represented by its
digital twin. The overall concept underlying this control method is represented
in the diagram of Figure 1.

Fig. 1. Overall architecture for the soil’s model predictive controller.

Central to the performance of any model based predictive controller is the
model accuracy and representativeness. In the approach represented in the pre-
vious figure, machine learning based digital soil mapping strategies will be em-
ployed to build the digital twin [8]. The soil’s digital twin will represent the
quantitative relationships between spatial and time dependent data comple-
mented with field measurements made by sensors and human experts. It will
be a map composed of a set 2-dimensional cells organized into a grid where each
cell has a specific geographic location and contains local information on the soil’s
chemical and mechanical characteristics. In this framework, the soil of the olive
tree will be considered as a physical element whose dynamic behavior and its
structural heterogeneity will be modeled. Then, a predictive control approach
from MIMO models will be used to calculate best soil management practices,
within a given time horizon, to mitigate soil erosion and fertilizers or pesticides,
while maintaining suitable conditions for the olive production.

The implementation of the proposed system will be carried out in three
distinct phases: The first, consists of creating sensor nodes network that will be
installed in the olive grove. Off-the-shelf and custom-made sensor nodes will be
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scattered throughout the production area aiming the automatic data collection
of several physical-chemical parameters of the soil. These nodes will play an
important role in supporting the state information to be used by the digital
twin. The second phase will consist on the development of the soil’s data model
and ontology. This step will reveal the entities that affect soil the characteristics,
their structures, and how they interact. Context entities, and all information
associated with the current system, will be managed by FIWARE. FIWARE is
a open-source platform put forward by the European Union and maintained by
the FIWARE foundation. This platform aims to foster the developing of smart
solutions, digital twins and data spaces for internet-of-things (IoT) applications
and digitization of processes [9]. For the particular case of agriculture processes, a
FIWARE based product named “Agricolus” is available that gathers hardware
and software in a decision-making solution offering a plug-and-play interface
for precision agriculture [9]. All context information, collected and managed
by FIWARE, will be available for the digital twins model. In the third phase,
the digital twin will be approached as a virtual model of the soil dynamics.
All smart nodes developed during the first phase will be responsible to collect
real-time state information which will be integrated. along with other external
contextual data, into the digital twin. The set of models, defined within the scope
of the digital twin, will be approached through a black-box paradigm in which
various artificial intelligence methodologies will be evaluated. The predictions
obtained from simulations using this digital twin will be used, within a model
predictive control paradigm with human-in-the-loop, to help define best soil
practices aiming optimum fertilization deployment.

This paper aims to describe the first phase of this project. In particular, the
design and, development of the IoT based sensor’s network and all the informa-
tion technology infrastructure. The following section will be devoted to present
the materials and methods associated to the deployment of such digital layer.

3 Materials and methods

The set of solutions idealized within the MAN4HEALTH project aims to im-
prove soil’s quality in olive production groves. One of such solutions envisages
the virtualization of the agricultural fertilization process by creating a human-in-
the-loop predictive control system. In order to materialize this control strategy,
the spacial and time dependence of the soil’s nutritional support, as a function of
both local and global environmental and chemical conditions must be modelled.
Those diffusion models will be used to make long and short-term predictions of
the impacts of the control actions which, in this case, resumes to the amount and
location of fertilizers to be deployed. In this framework, a digital twin of the soil
will be developed as a way to perform such predictions. The steps for creating
a digital twin involve understanding the behavior of the physical system to be
mimicked, integrating sensors into the relevant physical assets, and monitoring
information from all other legacy data sources. In the end, all this information
will be incorporated into the system’s virtual model resorting to first princi-
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ple equations and/or machine learning based black box approaches [7]. Since
information plays a fundamental role in the model’ state update process, and
in order automate the data gathering process as much as possible, a sensor’s
network should be integrated in the production field aiming the measurement of
several soil’s properties such as moisture at different heights, temperature, pH
and macronutrient contents.

The MAN4HEALTH trials and a proof-of-concept of this digital twin predic-
tive control concept is being implemented in an olive grove that is located a few
kilometers from the city of Mirandela, in the Northeastern region of Portugal.
The olive grove has a total area of 3.9 ha and has been conceptually divided in a
set of 49 m2 square sectors each one with four olive trees. Those sectors will be
subjected to distinct soil operations carried out in the context of the agronomic
solutions of the MAN4HEALTH project. Figure 2, present an aerial image of
that location which includes the lining of the sectors. The olive trees are repre-
sented in this figure as small black circles and, at the center of each group pf
four trees, an IoT measurement node is deployed. Moreover, each sectors will be
subjected to distinct soil operations carried out in the context of the agronomic
component of the MAN4HEALTH project.

Fig. 2. Division of the olive grove into parcels according to the type of operation to be
carried out on the soil. S- Seeded, NS- Not Seeded, M- Mobilized, NM- Not Mobilized,
D- Gridded, ND- Not gridded. Black dots indicate the trees in each sector. The location
of the IoT nodes and data concentrator is also depicted.
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To automatically and continuously characterize a set of soil properties, with
better spatial resolution and without the need of human intervention scheduled
campaigns, a network of sensor nodes distributed along the olive grove is being
developed and installed. The soil’s conditions can have significant spatial vari-
ability implying that multi-point data collection is fundamental for estimation
of the actual nutritional status of the soil. In the current setup, data acquisi-
tion will be performed via geographic sampling using IoT based measurement
nodes. Each IoT measurement node, depicted in Figure 2 by small pentagons, is
able to acquire local soil information such as moisture, electroconductivity, pH,
temperature and image for soil texture assessment. The data acquired by each
measurement node is relayed to a LoRaTM concentrator located in the Southeast
corner of the terrain as illustrated in Figure 3.

Fig. 3. Location of the LoRaTM gateway and its power supply support system.

We are actually using a DraginoR© DSLO8 gateway, with 4G communication
capabilities5, mounted on a 6 m steel pole. In the same pole, a weather station is
also installed allowing the measurement of air temperature and humidity, solar
irradiation, and both wind speed and direction. The power supply system must
be able to continuously guarantee, within a full day cycle, a total of 24 W.
The sizing of the solar panel was carried out under worst case conditions which
occur, in that particular region, during the month of December. Historically, the
total daily energy density in December is about 2300 Wh/m2. By assuming the
installation of common polycrystalline solar panels with a typical efficiency in
the order of 17%, then the energy produced, for each square meter of installed
panel, is 391 Wh/m2. It is clear that this efficiency value considers that the solar
radiation vector is perpendicular to the plane defined by the panel, which in

5 The 3G/4G signal strength in that particular location was measured to be around
-50dBm.
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practice, in fixed panel systems, is not the case. For this reason, it is expected
that the energy density generated will be effectively less than that. In particular,
a deviation of 10% from the value determined above is considered in this study.
Thus, it is estimated that during the worst month of the year, each square meter
of polycrystalline solar panel is capable of generating 352 Wh of energy during
a day. Since the energy consumption of the installed loads (gateway, weather
station, custom electronics) add up to a total of 580 Wh per day, it means that
a total solar panel area equal to 1.65 m2 is required. Under those conditions, it is
estimated that a solar panel with a peak power power equal to 280 Wp satisfies
both the technical and economic constraints. This solar panel was is installed in
the field oriented in the North/South direction and with an inclination of about
30◦.

Since a 24/24 working cycle is required, the energy required for the system to
operate during the night must be delivered by a battery. Due to the conservative
way in which the solar panel was designed, it is not anticipated that a deep
cycle or deep cycle battery will be required. A deep cycle battery is a battery
designed to be regularly discharged using most of its capacity. Typically, there is
an inverse relationship between the battery’s depth of discharge and the number
of charge and discharge cycles it can perform which reduces its lifespan. In this
context, a lead/gel battery is considered a good tradeoff between, on one hand, an
economically viable solution and, on the other, the required technical operating
conditions.

The required battery charge estimation is often empirically established. In
the current application, it is assumed that the battery must have sufficient capac-
ity to supply the system with energy for a full day. It was previously calculated
that the daily energy required to keep the equipment operational is 580 Wh. By
considering a nominal voltage of 12V then the battery should exhibit a charge
retention capability equal to 48Ah. It is worth to notice that the battery capac-
ity value is provided by the manufacturer considering a reference temperature
equal to 25C. This is because, in practice, the capacity of a battery is temper-
ature dependent. Taking into account the temperature profile in Mirandela it
is observed that, during the month of December, the air temperature is esti-
mated to be within the range that extends between -3C and 10C. The charge
capacity of normal lead/gel batteries decrease with the temperature exhibiting
a 15% drop for the worst case scenario within the temperature range considered.
For this reason, the 48 Ah charge initially estimated must be increased leads to
55 Ah. Based on this value, any lead/gel battery for deep cycles with capacities
between 55 Ah and 60 Ah was considered to validate the economic and tech-
nical constraints. For this reason, a Ultracell brand gel battery, with reference
UCG55-12, was selected and installed in the power supply system. The battery
management system, including the protection devices, is presented in Figure 4.
attached to the control panel it is also possible to find an IP surveilance camera
and a Raspberry Pi. The latter will be fundamentally used for tasks of glueware
and bridging data between distinct transmission protocols.
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Fig. 4. Electric wiring of the off-grid power supply system.

Each measurement node deployed in the field is self-sufficient and powered by
a Li-Ion battery which is recharged by a 10W, 18.2 V polycrystalline solar panel.
This power system is responsible to supply the energy to a 8-bit microcontroller,
a LoRaTM transceiver operating at 868 MHz and the array of sensors previously
enumerated. Data acquired by the microcontroller from the attached sensors
is relayed to the LoRaTM gateway. At the present, a regular time interval of
one hour is used as the sampling interval but an event based sampling is being
considered as the natural evolution for the current data acquisition system. Each
measurement node send a JSON formatted string that includes the device ID,
it’s geographical location and the attached sensor’s values. At the present, due
to energy efficiency and microcontroller memory constraints, no LoRa transport
protocol (such as LoRaWAN) is being in operation. Data encryption and medium
access control methods are being considered and integrated in a future firmware
version.

The information infrastructure actually in use is organized following the di-
agram presented in Figure 5. The measurement notes send data to the LoRa
gateway. This gateway send the data, via 4G/LTE cellular network, to a MQTT
broker. In particular, and in order to promote a complete open-source solution,
the Mosquitto MQTT broker is included in the FIWARE stack running in a
Docker container installed on a remote machine. The context information will
be managed by the Orion broker and all the attributes associated to the existing
entities are made available through REST based API’s. At the present, the data
model consider each IoT node as an entity with several attributes such as its
location and data acquired by the attached sensors. It is worth to notice that
a NGSI-LD data information model paradigm is used and data persistence is
already managed by the FIWARE ecosystem.
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Fig. 5. Electric wiring of the off-grid power supply system.

The deployment, in the field, of this data acquisition and information tech-
nologies will pave the way to the next phase of the project that concerns the
development of the soil’s digital twin. Being able to digitize the soil’s behaviour
will have a significant impact in the predictions accuracy and in the effective
performance of the controller. The remain phases of the MAN4HEALTH soil
digitization project are ongoing tasks that will be undisclosed in future paper.
The next section will present this work concluding remarks and will highlight
future research directions.

4 Conclusions and further work

Olives farming is of great socio-economic interest and represent a fundamental
activity in many areas of the Mediterranean. In particular, in the northern re-
gion of Portugal, olive oil production has a large expression in the agriculture
landscape. However, due to increase in mechanical erosion and excessive use of
fertilizers, the soil is giving signs of significant deterioration.

The MAN4HEALTH project intends to provide a multidisciplinary solution
to this problem by tackling it within two distinct fronts: one that aims to develop
alternative cultivation techniques and the other that involves digitizing the olive
production process. Regarding the latter, this project aims to add a layer of ar-
tificial intelligence to the entire cultivation process aiming a better control of the
fertilization process. In order to achieve this, a model predictive control strategy,
based on the soil’s digital twin, will be employed. The digital twin model will
be used to produce long and short-term predictions about the evolution of the
nutritional content of the soil based on the actual measured state, the vegeta-
tive stage of the crop, and the grower experience. The implementation of this
solution is divided into three distinct phases: local sensor network deployment,
digital twin model formulation and controller implementation. The description
of the first phase was the main objective of this paper. Several challenges must
be tackled when deploying a sensor network that covers a significant area, in re-
mote locations, and operating in very harsh conditions. During this first phase,
the sensor nodes have been designed, the power supply problems have been tack-
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led and the overall information infrastructure have been defined. In particular,
the data model ontology was designed and implemented within the FIWARE
ecosystem.

The next step of the current project will be the development of the soil’s dig-
ital twin. For that, soil mapping and modelling strategies will be investigated.
Machine learning based models will be used to estimate the macronutrients con-
tents and 2D diffusion equations will be employed to predict the impact of the
fertilizers in the soil in the long run.
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2. C. Alcántara, A. Pujadas, and M. Saavedra. Management of cruciferous cover crops
by mowing for soil and water conservation in southern spain. Agricultural Water
Management, 98(6):1071–1080, 2011.

3. Blanca Sastre, Celia Barbero-Sierra, Ramón Bienes, Maria Jose Marques, and
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