ipb
&0 Ulrer
INSTITUTO POLITECNICO Escola Superior

DE BRAGANQA de Tecnologia e Gestao UNIVERSIDADE TECNOLOGICA FEDERAL DO PARANA

Cyberphysical Network for Crop
Monitoring and Fertigation Control

Higor Vendramini Rosse

Thesis presented at the School of Technology and Management of the Polytechnic
Institute of Braganga to fulfill the requirements of a Master of Science Degree in

Industrial Engineering (Electrical Engineering branch).

Supervised by:
Prof. Dr. Joao Paulo Coelho

Prof. Dr. Luis Fernando Caparroz Duarte

Braganca

2019-2020



ii



Dedication

I dedicate this work to my mother, Lucimara Aparecida Vendramini, who has been by
my side at all times of my life guiding and supporting me. This work is a way of thanking

her for her efforts throughout my life to make me an accomplished man.

il



Acknowledgments

The School of technology and management (ESTiG) of Polytechnic Institute of Instituto
Politécnico de Braganga (IPB), for providing the laboratories for the development of this
work. To the professors of IPB and especially those of the Universidade Tecnoldgica
Federal do Parand (UTFPR), Cornélio Procépio campus for their collaboration, help and
attention throughout all my undergraduate years.

To Prof. Dr. Joao Paulo Coelho from IPB, advisor of this master’s thesis for the help,
assistance and encouragement throughout the development of this work. Also to Prof.
Dr Luis Fernando Caparroz Duarte from UTFPR, co-advisor, for the help and guidance
provided during this work.

Finally, my girlfriend Anaize Fernanda Costa who has always been by my side at all
times supporting and giving strength. And to all of my friends who over these 5 years of

graduation are by my side fighting together for a common goal.

v



Resumo

A fertirrigacdo é uma técnica de cultivo que recorre a aplicagao precisa de solugdes nu-
tritivas de acordo com os requisitos da planta, condi¢oes ambientais e de substrato. A
utilizagdo desta técnica tem-se popularizado devido as vantagens promovidas onde se
destacam a redugao de fertilizantes, fitofarmacos e consumo de dgua. No entanto, este
desempenho é conseguido a custa de um rigoroso monitoramento e regulacao de fatores
tais como solugoes nutritivas, condi¢oes ambientais e estado vegetativo da cultura.

Este trabalho descreve a arquitetura de uma rede baseada em agentes e elementos
ciberfisicos que serdao implementados em uma unidade de produc¢ao de morango por fer-
tirrigacao. O sistema deve ser responsavel pelo fornecimento correto de agua e insumos
agricolas tendo por base informacoes locais fornecidas por conjuntos de sensores.

Cada conjunto de sensores, chamado de né de medida, é responsavel pela aquisicao
da informacao em torno de um determinado local. A comunicacao destas informacoes é
realizada através de uma rede sem fio baseada no protocolo LoRa até uma plataforma
digital onde a informagcao provinda de todos os nés, juntamente com dados meteorolégicos,
¢é agregada e processada.

O resultado do processamento desta informacao levara a definicdo da quantidade exata
de solugao nutritiva bem como a otimizacao da utilizacao da dgua levando a um aumento

da eficiéncia de producao.

Palavras-chave: Rede de sensores, LoRa, Agricultura de precisao, Controle de fertirri-

gacao.



Abstract

Fertigation is a cultivation technique that uses the precise application of nutrient solutions
according to the requirements of the plant, environmental conditions and substrate. The
use of this technique has become popular due to the advantages promoted, which include
the reduction of fertilizers, phytopharmaceuticals and water consumption. However, this
performance is achieved at the expense of rigorous monitoring and regulation of factors
such as nutrient solutions, environmental conditions and the vegetative state of the crop.

This work describes the architecture of a network based on agents and cyberphysical
elements that will be implemented in a strawberry production unit by fertigation. The
system must be responsible for the correct supply of water and agricultural inputs based
on local information provided by sets of sensors.

Each set of sensors, called a measurement node, is responsible for acquiring information
around a given location. The communication of this information is carried out through a
wireless network based on the LoRa protocol to a digital platform where the information
from all nodes, together with meteorological data, is aggregated and processed.

The result of processing this information will lead to the definition of the exact amount
of nutrient solution as well as the optimization of the use of water leading to an increase

in production efficiency.

Keywords: Sensor network, LoRa, Precision agriculture, Fertigation control.

vi



Contents

1 Introduction 1
1.1 Theoretical framework . . . . . ... . ... ... .. 1
1.2 Objectives . . . . . . . 2
1.3 Structure of the Document . . . . . . . . . . . ... ... 3
1.4 Published papersrelatedtowork. . . . .. ... .. ... ... ... .... 3
2 State of the Art 5
2.1 Precisionfarming . . . . . . .. 5
2.1.1 Connection between technology and agricultural processes. . . . . .
2.2 Fertigation . . . . . . . . e e 8
2.2.1 Fertigarionconcept . . . . . .. ... 8
2.2.2 Advantages of fertigation . . . . . . .. ... ... L. 10
2.3 Sensors network in agriculture . . . . ... 11
24 Internetof Things. . . . . . . . . . . . . 14
2.4.1 loTinagriculture. . . . . . . . . . . . .. ... 15
2.5 LoRainagriculture. . . . . . . ... 17
3 Problem Statement 19
3.1 Introduction . . . . . . .. 19
3.2 Proposedstrategy . . . . . . . .. e e 20
4 Measurement node development 25

vii



4.1 Measurementnode . . . . . . ... e 25

4.1.1 SeNSOIS. . . . . o i i e e 26
412 SoChoard . . ... ... . . . .. 28
4.1.3 Hardware and Firmware . . .. ... .. ... .. ... ....... 29
4.2 PlatformasaService . . . . . . .. 32
4.3 Obtained Results . . . . . . . . . . 33
4.4 Power Suply . . . . . . e 38
4.5 Manufacturing proCesSes . . . . . . v i i e e 41
4.6 Cost analysis of the prototype . . . . . . . . . .. ... ... ... 43
5 Results and Discussions 45
5.1 Sensors and Communication . . . . . . . .. .. 45
5.2 Battery and physical elements . . . . ... ... ... .. L oL L. 47
6 Conclusion 49
6.1 Future works . . . . . . . .. 49
A Documentation Al

viii



List of Tables

2.1 Characteristics of Wireless Networks

4.1 Prototype cost analysis table. . . .



List of Figures

1.1 Schematic diagram of a cyberphysical fertigation element. . . . . . . . . .. 2
2.1 Precision farming architecture [16]. . . . . . . . .. .. ... ... .. ... 7
2.2 Strawberry Production by fertigation. . . . . . . ... ... ... ... ... 9
2.3 Productionbed. . . . .. .. ... 10
2.4 Wireless Sensor Network Architecture. . . . . ... ... ... ....... 13
2.5 LoRaWan Architecture. . . . . .. . . .. . .. ... 18
3.1 Information processing attheend-node . . . . .. ... ... .. ...... 21
3.2 Information processing at the Server . . . . . .. ... ... ... ... 22
4.1 Sequence of treatment and orientation of information. . . . . . ... .. .. 26
4.2 DHT-11 humidity and temperature sensor. . . . . . . . . . ... ... ... 26
4.3 Soil moisture sensor HL-69. . . . . . . . . ... o 27
4.4 ESP32 WiFi-LoRamodule. . . . . .. .. ... .. 28
4.5 Master-slave architecture. . . . . . . . . ... 30
4.6 Electrical scheme measurement node prototype. . . . . ... ... ... .. 31
4.7 Electrical scheme measurement node prototype applied. . . . . .. ... .. 31
4.8 Excerptfromsourcecode. . ... .. ... . .. ... e 33
4.9 0peration UX . . . . . v v vt it e e e e e e e e 34
4.10 Esp32 module communication range - urbanarea . . ... ... . ... .. 34
411 Datasenttotheserver.. . . .. .. .. . .. . .. .. .. ... 35
4.12 Humidity graph. . . . . . . . e 36



4.13
414
4.15
4.16
4.17
4.18
419
4.20
421

5.1
5.2
5.3

Temperature graph. . . . . . . . . . L 37
Soil Moisture graph. . . . . . .. 37
Solar charger. . . . . . . . 38
Complete layout. . . . . . . . . . . . . e 39
Test schematic. . . . . . . .. . ... . .. 39
Osciloscope capture. . . . . . . . . 40
PCB layout. . . . . . . . . e 41
PCB manufacturing proCess. . . . . . . . v v i v v i e e 41
BOX VIEWS. . . . . . 42
Soil moisture SeNsOrs. . . . . . . . .. 46
Calibration sample. . . . . . . . . . L a7
Final assembly. . . . . . . . . . . 48

Xi



Acronym

3D Three Dimensions. 41, 42
A/D Analog to Digital converter. 21, 36, 45, 46

EFS E ective Forage Space. 10

ESTIG School of technology and management. iv
FMIS Farming Monitoring Information System. 6

GIS Geographic Information System. 6
GPIO General-Purpose Input/Output. 21, 32

GPS Global Positioning System. 6

loT Internet-of-Things. 14 16, 32

IPB Instituto Politécnico de Bragancga. iv, 25
kg kilogram. 43

LCAR Control, Automation and Robotics Laboratory. 25, 42

LPWAN low-power wide-area network. 17, 18

motes sets of measurement nodes. 2

Xii



MQTT Message Queuing Telemetry Transport. 33

PaaS Platform as a service. 2
PCB Printed circuit board. 41, 42

PLA Plastic polylactic acid. 42, 43, 48

SoC System on a chip. 20, 25, 32, 35

UAV Unmanned Aerial Vehicle. 7

UTFPR Universidade Tecnolégica Federal do Parana. iv

WSN Wireless Sensor Networks. 12, 16

Xiii



Xiv



Chapter 1

Introduction

The availability of water resources is a fundamental aspect to stabilise the human activities

and maintain the balance of the ecosystems. In addition to the need for drinkable water,

societies depend on supplies water for industrial activities and agriculture. However, a
considerable decrease in the amount of percapite water is expected in the not so distant
future. This reduction is due for the several reasons.The two most cited ones are the
climate changes felt all over the globe [1] and the increasing population growth, specially
in Africa and Asia [2].

1.1 Theoretical framework

About 70% of the water used worldwide is for agricultural use [3], [4]. Agriculture is the
basis of the modern social structure and supports many other sectors such as industry
and services. The supply of food to the entire world population places a heavy load
on natural resources in general and water in particular. Several strategies are currently
being developed and applied to mitigate such impact such as the integration of rainwater
catchment systems, fertigation cultivation systems [5] and the integration of cutting-edge

technologies in the production cycle.



1.2 Objectives

The search for adequate use of water resources directly impacts the development of systems
and element that assist in this task. However, it is necessary to collect a large amount of
data to arrive at a correct decision with this data coming from various sources. For this

it is necessary that the data collection be carried out e ciently.

This work proposes the development of the cyberphysical component to be used in
a multi-agent control system. The planned control model depends directly on the local
information collected by a array of sensors scattered along the production area that, after
data acquisition, performs a wireless transmission by LoRa protocol to an Platform as a
service (PaaS) that performs the processing of this data.

Figure 1.1 shows the strategy of this decentralized control system. Based on this
proposal, a control system will be developed where sets of measurement nodes (motes)
are installed on the growth beds in order to perform data collection and transmit them to
a location controller via the LoRa protocol. After receiving the data, the user with access
to the controller can use the data to make the necessary decisions regarding agricultural

management.

Figure 1.1: Schematic diagram of a cyberphysical fertigation element.



1.3 Structure of the Document

The present work is discribed in 6 chapters whose contet will be brie y presented here.
Chapter 1 presents the problem that will be address as well as the objectives to solve this
problem.

Chapter 2 presents the state-of-the-art, that is, the themes that served as the basis
for the creation and development of the practical and theoretical part, as well as the
bibliographic review used for all the work, including historical concept, operations and
tools.

The methodology carried out during this work, as well as the proposed solution is
presented in Chapter 3. It also present the architecture that will be used in carrying out
the work.

Chapter 4 presents all the steps for the development of the work, from the choice of
components to the development of rmware, hardware, tests and physical structures.

The discussion of the results obtained is carried out in Chapter 5 following in Chapter

6 the nal conclusions about the work together with ideas for future work.

1.4 Published papers related to work.

During the development of this work, three papers were submitted to international con-
gresses where two are accepted and published and one is in the process of being evaluated.

The two papers already published had an oral presentation at the respective congresses.
[6] was published in the 19th EPIA Conference on Arti cial Intelligence in the city of Vila
Real, Portugal,3-6 of September, 2019. [7] published at the 2nd XoveTiC Conference in
the city of A Coruiia, Spain, 5-6 of September, 2019.

Cyberphysical Network for Crop Monitoring was submitted to the 14th International
Conference on Automatic Control and Soft Computing that will take place in the city of

Braganca, Portugal, 1-3 of July, 2020.






Chapter 2

State of the Art

This chapter presents the bibliographic revision carried out for the development of the
current work. In Section 2.1, the concept of precision agriculture will be introduced.
In Section 2.2 the concept of fertigation is presented and discussed following, in Section
2.3, the application of sensor networks in agriculture. Finally, in Sections 2.4 and 2.5, the
contribution of the internet of things and the LoRa communication protocol for agriculture

respectively will be highlighted.

2.1 Precision farming

Classical cultivation practices tended to treat cultivation area as having uniform char-
acteristics ignoring possible soil and even climatic variations within these large areas.
Variations within the same production eld may induce that each small area needs inputs
in di erent amounts and at di erent times from the rest of the crop.

Another problem involving agricultural production that has gained ground in world-
wide discussions is the growing demand for food based on the growing world population.
Many current studies point to the need for developing agricultural production techniques
that return a higher performance using smaller growing areas since over the years the

urban areas due to urban growth accelerated [8].
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Based on these challenges came the concept of precision farming. With the techno-
logical advancement of recent years, this concept has gained a lot of support since such
practice was made possible by the information technologies that enables to have greater
control over the state of the production. More clearly, the practice of precision farming,
coupled with information technology, enables the monitoring of the agricultural produc-

tion chain and control the quantity and quality of products [9], [10].

2.1.1 Connection between technology and agricultural processes.

The pro tability of production at the end of each harvest is the main objective of agri-
cultural producers and should be used as a basis for the development of a control and
monitoring system. Precision agriculture combines studies carried out and applications
of proposed solutions to problems that hinder production e ectiveness.

Studies based on Geographic Information System (GIS), Global Positioning System
(GPS), sensors, among others, were carried out and the relevant results were taken to
farmers who used such data as a basis for making certain decisions. What can be seen
is that there has not only been an improvement in production but also a reduction in
environmental impacts [11].

Over the last decade and with the realization of the viability of this production tech-
nique, investments in this area have become greater in the search for the development of
new and more advanced technologies seeking application in this eld [12]. Farming Mon-
itoring Information System (FMIS) have received greater attention and the development
of cyberphysical systems has gained new bases and new directions while new challenges
have emerged.

Electronic communication systems, di erent types of sensors and even the communica-
tion with the Internet started to be applied to the FMIS, enabling monitoring, of system
performance, in a decentralized architecture with greater coverage in terms of production

area and perspective of application scalability.

The decentralized monitoring architecture can be characterized as having separate data



acquisition and control elements. Generally, the elements responsible for data acquisition
are installed throughout the entire production area while the control elements are then
strategically located in a place that is easily accessible to the user. Figure 2.1 show this

architecture.

Currently, the main focus is on precision farming and the dosage and application of
agricultural inputs and fertilizers. This is a relevant concern because it encompasses two
issues: inadequate application of fertilizers, whether soluble or solid, can interfere with
the state of development and production of the crop and the possibility of in Itration and

contamination of springs or other water sources [13] [15].

Figure 2.1: Precision farming architecture [16].

In addition to this set of pillars that help in the advancement and execution of precision
farming, we have the Unmanned Aerial Vehicle (UAV), popularly known as drones. They
are gaining space in this style of production while the most varied forms of sensing are
embedded on it. The UAV are usually used in mapping, characterization of geographical
topology and identi cation of production failures, but in the near future the contributions
of this new technology may be even greater, for example, in assisting intelligent agricul-
tural machines in the issue of irregularities in the application of pesticides and fertilizers
[17], [18].



2.2 Fertigation

With the advancement of precision agriculture, other concepts of agricultural production
emerged. One of them is the production by fertigation system that provides an alternative
way of production and can also allow di erent input control models. However, the greatest
positive point is the results of this technique in the growth of productivity with an e cient

and reduced consumption of water and nutrients.

2.2.1 Fertigarion concept

The fertigation production system is a technique that allows a great opportunity to in-
crease the production yields with considerable minimization in the use of water, fertilizers
and also in the environmental impacts that may occur in the future. In this system,
several factors such as time, quantity and concentration of nutrients are considered before
application.

The architecture of this process allows the nutrients to be applied solubilized in the
water destined for irrigation, ensuring a conscious use of this resource and guaranteeing
an application directed to the active roots of the crop [19]. The need for the quantity
and proportion of nutrients can be varied between types of cultures and also during each
stage of growth.

This system allows the optimization of the physiological activities seeking the best
performance by means of monitoring and optimization in the application of nutrients and
the supply of the plant's water needs according to each stage of its development. In that
manner, it is possible to control the production of humidity around the active roots based
on the limitation of the quantity of solutions supplied, guaranteeing an ideal volume.

Due to the applications of the nutrient solution in small quantities and controlled
frequencies, it is possible to minimize evaporation losses, since the exact amount of water
is applied to supply the needs of the plant directly at the focus of absorption. This practice
also allows a prolongation of the harvesting period once increasing the production and

improving the quality of the nal product since during all its development it received the
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exact quantities of inputs [20] [22].

The most common form of fertigation production consists of growth platforms above
ground level connected to the fertilizer supply network. Figure 2.2 show, in a strawberry
production, the growth platforms where they are independent from each other and are

directly connected to the nutrient solution distribution network.

The nutrient solutions are stored in deposits and are transferred to the substrate
through the drip lines located in parallel and above the growth platforms. The drip lines,
Figure 2.3, have a constant ow of nutrient solution and the drip frequency depends on
the pressure applied to the tubes that take the solution with the excess solution, which
was not dripped and continued in the tube, returned to the initial deposit avoiding waste.
However, this application is not related to the substrate absorption capacity and may

cause applications excess.

Figure 2.2: Strawberry Production by fertigation.
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