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SUMMARY

Keywords: Internet of Things, Smart Agriculture, Cloud Computing, Smart Irrigation,
Actuators, Sensors

The largest proportion of fresh water around the world is consumed in agriculture. As
a result, there has been a continuous interest in proposing systems and solutions that
achieve rationalization of water resources in agriculture without negatively affecting
productivity. On the contrary, the solutions provided must take into account raising
and improving productivity by using the least amount of water resources. The Internet
of Things is one of the prominent recent technologies that contribute to providing
many solutions in most fields, including agriculture in general and irrigation
specifically.

This study proposes a framework for smart irrigation based on the Internet of Things,
by building a prototype consisting of a control unit, water pumps, and several sensors.
These devices are used to measure the soil's need for irrigation and to determine the
appropriate amount of irrigation according to sensor data. As these values are sent
through cloud computing to a mobile application that is installed on the user’s mobile
to allow the possibility of monitoring irrigation and controlling it from several aspects.
This includes manual irrigation mode, determining the value at which irrigation is done
automatically in automatic irrigation mode, and the appropriate amount of irrigation
according to the relationship between different sensors.

This thesis made several contributions, including the adoption of the dynamic feature,
whether in making the irrigation decision according to the type of plant or in
determining the appropriate amount of irrigation according to the relationship between
the sensor readings of each plant. In addition, records of irrigation operations are stored
in the automated mode for the purposes of feedback and future improvement on the
proposed system. In future work, other sensors such as rain sensor and water level
sensor will be added to increase the automation of the proposed model, in addition to
using artificial intelligence and deep learning techniques to make irrigation decisions
and determine the appropriate amount based on the data that is already stored in the
current proposed system.



YENI BiR 10T TABANLI AKILLI SULAMA SIiSTEMi

OZET

Anahtar Kelimeler: Nesnelerin Interneti, Akilli Tarim, Bulut Bilisim, Akilli Sulama,
Aktiatorler, Sensorler

Diinyada tatli suyun biiylik kismi tarimda tiiketilmektedir. Tarimda su kaynaklarinin
kullaniminin verimliligini saglayan sistem ve g¢Oziimler siirekli gelistirilmektedir.
Onerilen ¢dziimlerde, su kaynaklarinin daha az kullanimi ile verimliligin artirilmasi
dikkate alinmalidir. Nesnelerin Interneti, genel olarak tarim ve 6zel olarak sulama
dahil olmak tizere ¢ogu alanda bir¢ok ¢oziim saglamaya katkida bulunan en son
teknolojilerden biridir.

Bu tezde, bir kontrol iinitesi, su pompalar1 ve birka¢ sensorden olusan bir prototip
olusturarak Nesnelerin Interneti tabanli akilli bir sulama sistemi cergevesi
onerilmektedir. Sistem, topragin sulama ihtiyacini 6l¢gmek ve sensor verilerine gore
uygun sulama miktarim1 belirlemek icin ¢esitli donanimlar kullanilir. Sensoérlerden
gelen degerler, bulut bilisim araciligiyla kullanicinin cep telefonunda kurulu bir mobil
uygulamaya gonderilir ve boylece sulamanin izlenmesi ve kontrol edilmesine olanak
tanir. {lave olarak, manuel ve otomatik sulama modlarinda otomatik olarak sulamanin
yapilacagi deger belirlenir ve farkli sensorler arasindaki bagintiya gére uygun sulama
miktar1 gergeklestirilir.

Bu tez calismasi, bitki tiiriine gore sulama kararinin verilmesinde veya her bitkinin
sensoOr degerleri arasindaki iliskiye gore uygun sulama miktarinin belirlenmesinde
dinamik bir karar destek sistemi kullanir. Onerilen sistemde geri bildirim ve
gelecekteki iyilestirme amaciyla otomatik modda sulama operasyonlarinin kayitlarinin
saklanmast  saglanmaktadir.  Gelecekteki  c¢alismalarda, Onerilen modelin
otomasyonunu artirmak i¢in yagmur sensorii ve su seviye sensorii gibi diger sensorler
eklenecek, ayrica yapay zeka ve derin 6grenme teknikleri kullanilarak sulama kararlari
verilecek ve elde edilen verilere dayali olarak uygun miktar belirlenecektir.

Xi



CHAPTER 1. INTRODUCTION

This chapter contains an introduction, a problem statement, and motivation, as well as

a literature review, contributions to this dissertation, and the thesis organization.

The problem statement in this chapter defines the major issue that this study is

attempting to address.

1.1. Problem Statement and Motivation

1.1.1. Problem statement

Poor water management in irrigation leads to waste of water, as well as a decrease in
the quality of the crops produced, especially if the irrigation is uneven [1] and does not

take into account the needs of each plant or crop separately.

There is often more than one type of plant in the fields and requires each type has a
different amount of water [2].

Farmers frequently pump more water than is required (excessive irrigation), resulting

in decreased output as well as waste of water and energy [3].

One of the most significant recent trends in increasing the efficiency of agricultural
operations and reducing waste of resources is the use of the Internet of Things in
irrigation management in particular [3]. On the other hand, the literature on smart
irrigation using the Internet of Things, focus on answering two major questions: When
is the irrigation decision taken? How to determine the appropriate amount of
irrigation? However, there are problems in representing these proposed systems, most

notably: (1) Adopting fixed boundary values at which the irrigation decision is taken,



which cannot be changed easily or at any time according to the supervisor of the
irrigation process. (2) The amount of irrigation is fixed for all crops/plants without
taking into account the existence of a difference on the amount of water required for
each, (3) The amount of irrigation is fixed - non-dynamic - for a single crop/plant
without taking into account the difference in other factors affecting the soil, such as
(soil temperature, air humidity, air temperature) and their impact on determining the
appropriate amount based on those variable values. Accordingly, this study attempts
to overcome these problems by proposing a new irrigation architecture based on the
Internet of Things, as well as some other additional features that increase the efficiency

of irrigation management.

1.1.2. Motivation

Agriculture is the primary source of food and the largest consumer of freshwater,
taking up to 70% of all water resources [4]. In a related context, concerns about global
warming, have prompted researchers into developing water management strategies to
ensure that water is available for food production and consumption. As a result, there
has been an upsurge in studies on lowering irrigation water use [5]. The concept of
"sustainable irrigation™ has also emerged, which is one of the main concerns for
preserving water resources through the application of wise policies in rationalizing

water consumption [6].

On the other hand, Internet of Things (IoT) has expanded the number of devices on
the Internet, this is due to the requirement to get information from these devices for
various 0T applications, and the number of such devices is likely to continue to rise
[7]. By 2025, the number of connected devices is estimated to reach 25.1 billion [8].
The loT offers varied applications to monitor crop growth and support irrigation
decisions [9], making it a logical choice for smart water management applications.
Currently, despite the spread of 10T, there are still some challenges that prevent the
widespread use of 10T for precision irrigation, such as the need to develop software
for 1oT-based smart applications, such as irrigation for agriculture, which is not yet
fully automated [10].



Consequently, it is expected that 10T systems and solutions will become increasingly
important in the design of appropriate systems and solutions for every field, including
agriculture. Without irrigation water that is intelligently managed to take into account
the needs of each plant, it will be impossible to achieve sustainable irrigation or to

improve the quality of crops.

1.2. Literature Review

In recent years, following the widespread adoption of the Internet of Things, many

studies have proposed systems and solutions to implement the 10T in agriculture in

general and irrigation management in particular. Table 1.1 shows a list of studies on

irrigation management using the loT.

Table 1.1. Literature review for smart irrigation

Reference Brief Description

Bhattacharya | This paper is proposed a smart irrigation system based on the 10T

etal. [11] using a soil moisture sensor only to collect soil condition data in real-
time and then send it to a wireless web server where the data is
analyzed using an loT framework and then sent periodic
notifications to an application installed on the farmer's smartphone.

Shekhar et | An intelligent system based on the 10T is proposed, which uses only

al. [12] two sensors: one to assess soil moisture and the other to measure soil
temperature. The sensor data is processed by an intelligent
algorithm, which predicts the best irrigation decision.

Mohammad | A system has been proposed that depends on the decision tree

A. Abbadi et | algorithm in making the irrigation decision for the soil. A model for

al. [13] the irrigation process is designed based on the soil properties and
temperatures, but according to the researchers, the results of the
proposed model cannot be generalized to all regions because of their
different characteristics from the South Jordan Wadi region where
the model was developed.

Benzaouia A smart irrigation system based on fuzzy logic control was proposed

et al. [14] as a case study for the eastern Moroccan climate zone, where the soil
moisture sensor was used and temperature and sun radiation were
acquired from the meteorological station.




Table 1.1. (Continued)

Kamienski
etal. [9]

The researchers proposed a smart loT-based water management
technology for precision irrigation in agriculture, based on four pilot
projects in Brazil and Europe, although their project achieved good
results, according to the researchers, it involves custom-designed
settings and component re-engineering to provide greater scalability
with using minimal computational resources.

Mohamed
E.etal. [15]

A smart irrigation system based on the Internet of Things was
proposed, which uses sensors to obtain temperature, humidity, and
soil moisture, as well as a multi-layer neural network that works
according to predefined rules to determine the amount of irrigation
water to be pumped into the farm with the expected operating time.

Rao et al.
[16]

An intelligent system for field monitoring and automation based on
0T technology is proposed, which uses two sensors: soil moisture
sensors and soil temperature, with the threshold values chosen to
calibrate the sensors based on temperature and soil moisture values
over the previous months, threshold values may differ depending on
the crop, where the irrigation water pump is operated and the
monitoring is done using a computer application.

Laura et al.

[3]

The researchers presented a study on smart irrigation systems based
on the Internet of Things. The study is a summary of the recent
technologies in sensors as well as Internet of Things (I0T) systems
for watering in precision agriculture. The researchers worked to find
the most observed parameters to describe the quality of irrigation
water, soil, and air conditions. Also mentioned are the most common
nodes used in 10T systems, wireless networks for irrigating crops,
and the most common wireless communication. Current trends in
using loT systems for crop management and water management also
addressed.

Nidia et al.
[18]

The researchers proposed a smart and green loT framework that uses
water balance as well as potential metric approaches to implement an
irrigation management plan based on the crop, as well as information
about irrigation systems from users, weather and soil moisture data
from areas close to the fields being monitored. For soil condition
forecasting, a system has been developed that uses training models
based on two different methods: locally and globally.




It is noted in the literature reviews that some of them use one or two sensors while
ignoring the correlation between the sensors in determining the appropriate amount.
Also, ignore some of them the need for each plant or crop to irrigate independently of
the other. In addition, some of the studies mentioned above depend on a fixed threshold
value to make the irrigation decision, so it is not easy to adjust. Accordingly, this study
attempts to solve these problems by building a dynamic system that uses a sufficient
number of sensors and allows changing the value at which the irrigation decision is
taken; in addition to that, it takes into account the importance of the relationship

between the sensors in determining the appropriate amount of irrigation.

1.3. Aims of The Thesis

The research aim of this thesis is to develop a framework for a smart irrigation
management system based on the Internet of Things with the use of cloud computing
and a mobile application on the end user’s phone, so that the use of this system can

provide the end-user with flexible options to irrigate each field or crop.

The options can be automatic irrigation, manual irrigation, setting the periodicity to
ensure that the soil needs irrigation in automatic irrigation mode, moreover, the option
to monitor the soil moisture and temperature, in addition to the temperature and

humidity of the field in real-time.

1.4. Contribution of The Dissertation

The following considerations are prioritized in the development of the proposed
system: ease of use of the mobile application by the end-user, flexibility in adjusting
the sensor settings, and accuracy in estimating the appropriate irrigation time and
amount. In light of the foregoing, the contributions in this study can be summarized as
follows:

- The ability to make irrigation decisions for each field or crop separately from

other crops.



The possibility of determining the appropriate amount to irrigate each crop
based on different factors other than the soil moisture scale, which are: soil

temperature, humidity and air temperature.
The ability to obtain real-time information about the surroundings of each field.

The irrigation decision can be taken in two ways: automatically or manually,

depending on sensor readings.

In the automatic irrigation mode, the ability to set the appropriate periodic

duration time to re-check that the soil requires irrigation.

In addition to the ability to save logs of readings in the cloud, however, the
values of previous readings are stored inside the console for review in the event

of a network connection outage.

1.5. Thesis Organization

The following is the structure of the thesis:

Chapter 2 covers the Internet of Things and its architecture in general, as well
as cloud computing, in addition smart agriculture and applications.

Chapter 3 introduces the techniques utilized to implement the proposed system,
in the form of hardware and software.

Chapter 4 focuses on the proposed system and describe its architecture and how
to represent it in addition its demonstration.

Chapter 5 concludes the thesis and gives the future work.



CHAPTER 2. INTERNET OF THINGS AND AGRICULTURAL
APPLICATIONS

This chapter provides an overview of the 10T and its common architecture, as well as
a concept of cloud computing and its close relationship to the 1oT. Smart agriculture

is also defined, with some loT applications in smart agriculture.

2.1. Internet of Things

2.1.1. An overview of the internet of things

The Internet of Things (10T) is one of the major technological advancements in the
recent decade, it tends to give "things" intelligence by automating tasks and

transferring data without human interaction.

Although the widespread of the Internet of Things and considered one of the aspects
of the Fourth Industrial Revolution, it does not have an agreed comprehensive
definition [19], where it is defined sometimes from the aspect of its application and
sometimes from the aspect of its relationship to the Internet and so on. The following
are two selected definitions that are intended to comprise the overview of the Internet

of Things as follows:

- The phrase "Internet of Things" is a two-word phrase, and the first definition
can be viewed from this perspective. So, the "Internet” is described as a global
network of a vast number of networks based on communication protocol
standards, whereas "Things" refers to all items that are connected to that
network based on the same standards [20]. As a result, the connecting and

exchanging of data over the internet between physical objects, or “things,"



embedded with sensors, software, and other technologies is known as the
Internet of Things (loT). These things can be anything from common

household items to high-tech industrial tools [21].

- However, a more abstract description of "Internet of Things" can be found in
the second definition, which is; The “Internet of Things” concept refers to
anything that can be accessed from anywhere at any time by anybody for any

service over any network [22].

2.1.2. The importance of the internet of things

Traditional lifestyles have been converted into high-tech ones as a result of the Internet
of Things (loT). Examples of loT-driven transformations are smart homes, smart
cities, smart transportation, and smart industries [23].

The Internet of Things (IoT) is becoming increasingly important because of the
benefits it provides, including: improving production efficiency, enhancing the quality
of life, preserving the environment, promoting the digital economy, reducing the waste
of resources and times, improving the decision-making process through real-time data,
one of the prominent aspects in achieving sustainability, and automation of processes

and tasks.

2.1.3. Architecture of the internet of things

The Internet of Things has a variety of suggested designs divided to fundamental levels

(see figure 2.1.).

The following is a five-layer basic architecture for the Internet of Things [19] that will

be used in this research:

1. Perception Layer: to detect and collect data about the environment by using

sensors at the physical layer[20].



2. Data Link Layer: Several protocols are used at this layer to establish
communication for the following layer (the network layer) [24], such as
Bluetooth, ZigBee, BLE, Wi-Fi, Z-Wave, RFID, Cellular, Sigfox, Ethernet,
NFC, LPWAN, LoRaWAN.

3. Network Layer: It's in charge of assigning data pathways for transmission over
the network [25]. Switches, routers, firewalls, and other network equipment are
found on this layer.

4. Transport Layer: Packet delivery command, multiplexing, byte routing,
congestion avoidance, data integrity, and reliability over transmitted data are
all provided by the transport layer.

5. Application Layer: This layer represents the 10T architecture's front end, where
the majority of the technology's potential will be realized, as it provides 0T
developers with the interfaces, platforms, and tools needed to build IoT
applications like smart cities, smart health, intelligent transportation, and smart

homes [25].
Application Layer

Transport Layer

Network Layer

Data Link Layer

Perception Layer

Figure 2.1. 10T Layers [25]

2.2. Cloud Computing

Cloud computing is a collection of virtual resources that may be accessed remotely,
such as hardware, service platforms, or development platforms [26]. With the ability
to dynamically reassign these resources to respond to changing loads, this leads to the



10

optimum use of resources. A pay-per-use approach is commonly used to access this
set of resources, with the Infrastructure Provider affording assurances through tailored
SLAs [26].

Cloud computing aims to dynamically expand or reduce resources based on client load
using software APIs with little service provider engagement [27].

Cloud computing provides a number of advantages, some of which can be highlighted
as follows:

- Itallowed small companies to benefit from business analytics that needed super
computing resources, which were the preserve of large companies, at very low
costs.

- Speed in marketing when computer resources are needed in any project, it is
almost instantaneous access to those resources.

- It has greatly facilitated for institutions to expand the range of services
provided, which depend in their work on customer requests.

- It introduced new categories of applications and services that did not exist
before, such as interactive mobile applications that depend on real-time
environment, context and location such as sensors, Additionally, parallel batch
processing makes it possible to take advantage of extremely large computing
power to evaluate large amounts of data in a short period of time, as well as
business analysis that can use vast amounts of computer resources to

understand customers and supply chains [28].

Clouds are usually classified into three basic types: private, public, and hybrid cloud
[29]. A cloud condition might be a single cloud or a group of clouds. Customers
frequently choose a cloud based on their ability to manage cloud frameworks and their
security requirements. The physical foundation, the operating system platform, and the
web application software being executed are the three tiers of a web server. One, two,
or all of these layers may be present in a cloud container. SaaS (Software as a Service),
PaaS (Platform as a Service), and laaS (Infrastructure as a Service) are all examples of

cloud service models. Hence, choosing a suitable cloud provider often boils down to
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deciding which layers you want to manage yourself and which should be left to the

hosting provider [29].

The Internet of Things and cloud computing have a close relationship, as the Internet
of Things has benefited from the advantages of cloud computing in terms of storage,
processing, and communication. Development of many systems based on the Internet
of Things with cloud computing are led into a variety of fields, including agriculture,
since it combines loT devices from sensors and actuators with the ability to store and
follow up on the data created by it. The usage of the Internet of Things with the cloud
has allowed the construction of high-speed information systems that function in real
time or near to it [30] [31].

As seen in the Figure 2.2, Internet of Things (1oT) and cloud computing represent the
next major step forward in the future internet [32].

Mabile

Storage

Applications

CLOUD
—_—t COMPUTING l:il-
= ' S EIE

Server O‘ (5 -O Database

Public
cloud

Figure 2.2. Cloud Computing [33]
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2.3. Smart Agriculture

The rapid development of information and communication technology was reflected
in most fields, including agriculture, where several terms appeared to denote new paths
in agricultural technologies, including smart agriculture, electronic agriculture, and
digital agriculture, where there are no fundamental differences except for some minor

differences, according to the audience using these technologies [34].

Another broad term in this context is Precision Agriculture (PA) is a smart farming
technique that enhances operational precision by providing each plant or animal
exactly what it needs to thrive in the best possible way, maximizing overall
performance while decreasing waste, inputs, and pollutants. In another word, is a

complex technique that solely considers variables relevant to field conditions [31].

On the other hand, smart agriculture goes a step further by basing management
responsibilities on data, which is reinforced by context and situational awareness and

driven by real-time occurrences [35].

The Internet of Things, low-cost and enhanced sensors, actuators, and
microprocessors, high-bandwidth wireless technologies, cloud ICT systems, big data
analytics, artificial intelligence, and robots have all aided the progress of smart

agriculture [31].

2.4. 10T Applications in Smart Agriculture

Similar to the rest of the sectors, it is expected that the agricultural sector would be
one of the most prominent in benefiting from Internet of Things applications. Where
the Internet of Things is used to deliver effective solutions for the agricultural industry,
which contribute considerably to solving the issues of rising demand and workforce

shortages in agriculture, as well as achieving agricultural sustainability [36].

The following are some examples of agricultural applications (see Figure 2.3):

- Smart water management.
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Smart monitoring of crops and the agricultural environment.

Smart harvest support.

Smart fertilization.

Energy management in agriculture.

Supply chain management in agricultural.

Smart agricultural practices such as: Greenhouses, hydroponic, Aeroponics,

Aquaponics, vertical agricultural, ..., etc.

Irrigation
Management

Smart

Greenhouse
=

e

APPLICATIONS
iN SMART
AGRICULTURE

Energy
management

Smart
Fertilization

Vertical
Agricultural

Figure 2.3. 10T Applications in Smart Agriculture



CHAPTER 3. HARDWARE AND SOFTWARE CONFIGURATION
IN THE DEVELOPED APPLICATIONS

The techniques and device setup used in the proposed system are briefly discussed in

this chapter.

3.1. Hardware

Most loT-based systems are made up of three fundamental parts: a controller, a sensor,

and an actuator.

3.1.1. Controller

It is usually used to automatically control devices and equipment [31]. The controller
in 10T applications is like the brain, processing inputs from sensors or other sources

and producing outputs from one of the actuators.

In this study, the “Raspberry Pi 3 Model B as shown in Figure 3.1. is employed as a

controller.

The Raspberry Pi Foundation, in collaboration with Broadcom, has produced a line of
miniature single-board computers (SBCs). Initially, the Raspberry Pi project aimed to
promote basic computer science education in schools and impoverished countries. Its
low cost, versatility, and open design make it popular in many fields, including weather
monitoring [37] [38].



Figure 3.1. Raspberry Pi 3 Model B Figure [39]

Raspberry Pi 3 B Technical Specifications [39]:

CPU: 1.2GHz 64bit Quad Core, SoC: Broadcom (BCM2837)
RAM: 1GB

Wireless: BCM43438, Bluetooth Low Energy (BLE) on board
Ethernet: 100 Mbps

GPIO: 40-pin

USB: 4 ports

Audio output: Headphone

Video output: HDMI

Camera Interface: CSI

SD card port: Micro SD

Power port: Micro USB, up to 2.5A

3.1.2.Sensors

15

Sensors are essential in automating any application since they collect data and process

it. A sensor's complexity can range from the simplest to the most complicated. Sensors

can be classified based on criteria including material type, conversion process, and the

physical event they are intended to detect [31].
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3.1.2.1. Soil moisture sensor

A “Capacitive Soil Moisture v2.0” sensor as shown in Figure 3.2. is used to measure
the soil's moisture level. This capacitive sensor has an excellent responsiveness to local
soil moisture changes and provides an effective correlation between gravimetric water

content and output voltage [40] [41].

Its specifications can be summarized as follows [42]:
- Operating Voltage (VDC): 3.3 upto 5.5
- Output Voltage (VDC): Oup to 3.0
- Current: 5SmA
- Dimension: 98mm * 23mm (3.86in x 0.905in)
- Output type: Analog, hence an ADC converter is required to work with the
Raspberry Pi.

Figure 3.2. Capacitive Soil Moisture v2.0 [42]

3.1.2.2. Soil temperature sensor

To measure the soil temperature, a sensor of the type DS18B20 is used. It is a digital
temperature sensor, used in many applications and hard environments such as
thermometers, chemical solutions, industrial systems, soil, consumer products, and

temperature sensing systems (see Figure 3.3). The startup resolution is 12 bits, where
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there is a resolution of 9, 10, 11, or 12 bits, which means the temperature sensor can
accurately measure temperatures of 0.25°C, 0.125 °C, and even 0.0625°C [43] [44].

Its key specifications are as follows [43]:
- Temperature: between (-67°F to +257°F) or (-55°C up to +125°C)
- Accuracy range: £0.5°C
- Operating voltage: 3V to 5V
- Communication: 1-Wire Interface (only one port pin)
- Conversion time: 750ms at 12-bit
- Resolution of the output (programmable): 9-bit up to 12-bit
- On-Board ROM stores a uniquely 64-bit serial number for each device.
- Communicates using 1-Wire method

- Enables multiplexing: Each sensor has a Unique 64-bit address

Figure 3.3. Soil Temperature Sensor (DS18B20) [43]

3.1.2.3. Air temperature and humidity sensor

As shown in Figure 3.4., sensor of type DHT11 is used to monitor and measure the
temperature and humidity of the surrounding environment of a field or crop [44]. The
DHT11 is a popular temperature and humidity sensor that features a dedicated NTC
for measuring temperature as well as an 8-bit microprocessor for outputting the values

of temperature and humidity as serial data [45] [46].
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DHT11 specifications are as follows [46]:

Voltage required for operation: 3.5V up to 5.5V

Current required for operation: 0.3mA for measuring or 60uA for standby
Output: Serial data

Temperature: between 0°C and 50°C

Accuracy range: +1°C

The Range of the Humidity: between 20% and 90%

It has a resolution of 16-bits for Temperature and Humidity.

Figure 3.4. Air Temperature and Humidity Sensor (DHT11) [45]

3.1.3. Actuators

In the Internet of Things, actuators use data received by sensors and processed by

software to control or take action in the system [47].

3.1.3.1. Water pump

A water pump is used for the purpose of irrigating the crop or field when the threshold

limit is reached (see Figure 3.5.).

The water pump used has these specifications:

Type: Submersible Pump
Power: 5SW

Operating Voltage: 220V
Frequency: 50Hz
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- Max water temperature: 45
- High Max: 0.75M

- Dimensions: 35mm x 35mm x 30mm (1.37in x 1.37in x 1.18in)

Figure 3.5. Water Pump (Submersible) [48]

3.1.4.Other components

Other components are used, some of which are required and some of which are

accessories.

3.1.4.1. Relay

Higher voltage modules can be controlled via relays on the Raspberry Pi. The relay
"switch” is activated by a low-voltage pulse, it prevents the Pi from overheating
because it can only handle 5V [49] (see Figure 3.6.).

Specifications of the relays used:
- Relay type: Toggle switch
- 2 Channel Relay Module with Optocoupler
- Each relay requires 15 - 20 mA for switching
- LEDs for indication of the relay status
- Operating Voltage: 3.3V or 5V
- Relay Maximum output: DC 30V/10A, AC 250V/10A
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- Dimensions: 50 x 41 x 19 mm

Figure 3.6. Relay Module with Optocoupler 5V (Dual Channels) [49]

3.1.4.2. Analog-to-digital converter

Since the Raspberry Pi 3B does not have an internal ADC, an external ADC is required
to convert from analog to digital. The ADS1115 that shown in Figure 3.7. is used here

as an external ADC.

The ADS1115 can be described as an analog to digital converter. It uses the 12C

protocol and is four-channel with selectable addresses [50].

Specifications of the ADS1115 used:
- Resolution: 16 bits
- Voltage of operation (V): 2t0 5.5
- Data rate (Programmable): 8 to 860 SPS (samples per second)
- Incontinuous mode, it uses 150 pA, whereas in single-shot mode, it shuts down
automatically.
- Reference voltage with low drift
- A built-in oscillator is utilized.
- Internally, there's a PGA (Programmable Gain Amplifier).
- The 12C interface allows for up to 4 pin-selectable addresses.
- Two differential channels or four single-ended channels.

- A comparator that can be programmed.
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Figure 3.7. ADS1115 [51]

3.1.4.3. Accessories

The work can be made easier by a number of additional components that are not
required.

The components as illustrated in Figure 3.8. can be summarized as follows:
- Abreadboard: It’s a tool that is used to make electronic projects easier to work
on.
- A Pi T-Cobbler Breakout for Raspberry Pi: It’s utilized in order to extend the
Raspberry Pi's pins onto a breadboard.
- Red light-emitting diode (LED) and a passive buzzer: are used to add visual
and auditory effects.

(©)

Figure 3.8. (a) Breadboard (b) GPI1O T-Cobbler (c) LED and Buzzer
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3.2. Software

It is typical for Internet of Things applications to be represented by a group of software

programs. The following software packages are being utilized in this research.

3.2.1. Raspberry pi requirements

3.2.1.1. Raspberry pi OS

Debian Linux distribution is the ideal operating system for Raspberry Pi devices, and
regularly upgraded with an emphasis on reliability and performance; Also, it includes
over 35,000 packages [52]. It's worth noting that it's based on the Debian (Linux

distribution) and is likewise a free system [53].

Furthermore, users will find it easy to use due to the graphical interfaces that are given

as shown in Figure 3.9.

& O B & welcometoRaspber Xe € 821

Welcome o the Raspbery Pi Desktop!
Before you start using it there are  few things to set u

et started.

Figure 3.9. Raspberry Pi OS Desktop
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3.2.1.2. Python

Python is a high-level programming language that combines power and clarity [54].

Due of this, it was included in the Raspberry Pi OS operating system since Python is

a powerful tool that is easy to learn and use [55]. Version 3.7 is used in this research.

The following is a list of the most important features [56]:

Simple language syntax makes it simple to learn.

It is simple to read because it is punctuated-free.

It's modular in order to make it simple to maintain.

It has a large number of standard libraries that make it simple to integrate them
into projects.

It is interactive, as it includes a terminal for debugging and testing code
snippets.

It is not required to compile because is interpreted.

It is portable in that it can run on a wide range of hardware platforms and has
the same interface across all of them.

It works on various operating systems such as Windows, Linux, Mac OS.
Allows low-level modules to be added to the interpreter so that it can be
customized.

Versatile as it supports both procedural and object-oriented programming
(OOP).

Flexible, so that console programs, applications, and CGI (Common Gateway
Interface) scripts to process web data and windowed graphical user interface
(GUI) can be created.

3.2.1.3. TinyDB

TinyDB is a document-oriented, lightweight database, it’s written entirely in Python

and does not require any external resources. its aimed at small apps that would be

overwhelmed by a SQL database or an external database [57]. In addition, data is

stored in a JSON file, which is suitable for dealing with the Internet of Things, as it is

usually used to store important data and configuration data.
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3.2.1.4. Visual studio code

It's a free and open-source code editor for creating and debugging desktop-based,
modern web, and cloud applications. Microsoft introduced it, and it is regularly
updated and developed [58]. It is quite popular among developers and supports a wide

range of programming languages [59].

Furthermore, many add-ons are available for download to help with code management
and handling [60].

3.2.2. Cloud hosting

Cloud hosting makes software and websites available via cloud resources [61], with
minimal start-up costs, resource elasticity, and scale savings [62]. Firebase as cloud

hosting services from Google is used in this research.

3.2.2.1. Firebase realtime database

It's a No-SQL, cloud-based database that syncs data in real time across all clients [63]
[64].

The Firebase database has the following key features [65]:
- Data is stored as JSON,
- Offline functionality,
- Incontrast to RDBMS, SQL is easily scalable to large database nodes.

- The scalability feature increases storage and performance.
3.2.2.2. Firebase authentication
In order to function properly, most applications require some type of user

authentication, A user's identity may allow applications to securely store user data in

the cloud and give a consistent, personalized experience across all of the user's devices,
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Firebase Authentication is tightly linked with the rest of the Firebase platform [66]
[67].

3.2.3. Mobile application

Flutter is used to build a mobile application by which that is used by the end-user can

manage the irrigation process.

3.2.3.1. Flutter

Mobile application development for various platforms has traditionally been tough
since the developer must be superior to be able to design applications for Android and
I0S. Therefore, the developers had to learn Java/Kotlin, Xcode, Swift, Eclipse, and
other technologies at the same time [68] [63].

The Flutter framework from Google allows developers to create natively built, cross-
platform mobile applications with a single codebase [69] [63]. As a result, the
platform-independent emulator can run simultaneously on both Android and i0S

devices.

Features of Flutter can be summarized as follows [70]:

- Open-source and free.

- It has a large community and resources.

- Each view component has its own rendering engine, which allows for
applications to be that are as fast as native programs.

- It has a feature known as "hot-reload" that allows developers to quickly reload
their work while they work.

- Languages used to build it are (C / C++, Dart), and uses the Skia Graphics
Engine.

- C/C++ code is compiled with Android's NDK and iOS' LLVM, while Dart

code is AOT-compiled into native code, see the (Figure 3.10.).
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Dart Material Cupertino
Widgets
Rendering
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Foundation
Engine Service Protocol Composition Platform Channels
C/C++
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Bla e el Render Surface Setup Native Plugins App Packaging
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Figure 3.10. Architectural layers of Flutter [71]

3.2.3.2. Dart

In order to construct applications for Flutter, Dart is the programming language used
in this thesis. It's developed and maintained by Google, it was originally intended as
an alternative to JavaScript. Also, in an attempt to attract Java programmers, it uses a

syntax that is similar to the Java programming language [72].

Dart has the following characteristics [73]:
- Easy to learn.
- Open source.
- Supports code sharing.
- Compiles to JavaScript.
- It has a lightweight text editor.
- Runs on the server and in the client.
- Types are supported, but they are not required.

- Alarge number of built-in libraries are available within it.
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With isolates, Dart allows for safe and simple concurrency.
Small scripts and large, complicated applications can be written in Dart with

ease.



CHAPTER 4. THE SMART IRRIGATION SYSTEM DESIGN

In this chapter, the proposed system architecture consisting of three layers will be
shown and how each layer is implemented, and in the end, a demo application will be

presented.

4.1. The Correlation Between Soil Moisture and Other Factors

The value of soil moisture in making irrigation decisions and calculating its amount is
frequently used in Internet of Things irrigation systems. However, in addition to the
soil moisture reading, additional factors influence the decision on whether irrigation is
needed and the optimum amount to be applied. Among those influencing factors are:
Soil temperature as all soil processes depend on temperature, Fertilizer efficiency seed
germination plant growth, nutrient absorption, and decomposition diseases and insects
are all affected by the soil thermal regime. In addition, for each crop there is an
optimum temperature range is between two values called the lower and upper values,
respectively. So, the soil temperature is a critical factor to be considered for effective
irrigation scheduling [74] [75].

In the same context, the air temperature factor, which has a direct impact on soil
temperature, can play a role in irrigation schedule. Furthermore, air humidity is a
significant influence in irrigation scheduling, as the amount of water required for
irrigation is lower when the weather is humidified according to dry. As a result, these
factors must be considered together when making irrigation decision and irrigation

amount.

On the other hand, those approved values must be dynamic and not fixed, that is, the
required irrigation amount must be taken into account according to the type of each

plant or crop independently from the other. It is important to take into account the
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dynamics of the required irrigation value according to the differences in those readings

for the same plant.

In light of the foregoing, the proposed solution in the thesis took into account the
different readings and not only the soil moisture reading, as well as taking into account
the dynamic factor in the irrigation decision by determining a threshold value for each
crop / plant. Also, the dynamic factor in the amount of irrigation was taken into
consideration, which is the maximum value of soil moisture at which irrigation stops,
through the establishment of four bands for sensors of soil temperature, air temperature
and humidity, which allows determining this value dynamically with the possibility of

adjusting it when needed as well.
4.2. System Architecture
The architecture of the proposed smart irrigation system in this study can be described

as consisting of three layers: The Internet of Things (IoT) layer, the cloud layer, and

the application layer as shown in Figure 4.1.

B

Controller

SensorUnit | Actustor Unit

(

Application Layer [\ Cloud Layer /J loT Layer

Figure 4.1. The architecture of the proposed smart irrigation system
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Each layer of this architecture can be explained as follows. The Internet of Things
(IoT) layer consists of software and hardware components that work together to
represent this layer. The software consists of an irrigation management application that
can be considered the firmware of this layer, in addition to libraries that facilitate
dealing with the next layer, which is the cloud layer. As for the physical part in this
layer, it consists of “Raspberry Pi 3 Model B” as a controller whose main job is to
collect data from each node (a field or a plant) separately by the Sensor Unit (SU) and
apply the appropriate decision by the Actuator Unit (AU). This model of Raspberry Pi
also comes with a Wi-Fi module, which is necessary for the purpose of connecting to
the Internet. An external memory is used to store configuration data, also to store the
log of sensor readings and the status of each actuator. The sensors in (SU) used in each
node are: a soil moisture sensor of a type "Capacitive Soil Moisture v2.0", a soil
temperature sensor of a type "DS18B20", additionally a temperature and humidity
sensor of the surrounding environment of a type "DHT11". While the Actuator Unit

(AU) of each node consists of a water pump.

The cloud layer, which is the intermediate layer that connects the layer of the Internet
of Things and the application layer, uses two cloud services from Firebase. These are:
the Firebase Database Realtime service, which represents a database as a service
(DBaaS) and its primary purpose is to store and retrieve data, and Firebase
Authentication service, which represents a Backend as a Service (BaaS) to authenticate
authorized users to access the database which hosted at the same layer using email and

password.

The application layer comprises of a mobile application built with the Flutter
framework and the Dart language for usage by the end-user in irrigation monitoring
and control. The "Firebase Authentication” service in the cloud layer has been linked
to this application’s login screen in order to allow authorized access to the database of

that layer.
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4.3. System Implementation

This section describes the implementation of each layer of the proposed system.

4.3.1. 10T layer

The implementation of 10T layer can be divided into two stages:

a. Hardware implementation stage:

In order to start the implementation of this stage, a "Pi T-Cobbler Breakout" is used to
extend 40 GPIO pins on the "Raspberry Pi Model B" to the breadboard for the purposes
of protecting those pins installed on the Raspberry Pi as well as facilitating their
handling. Therefore, the items (sensors/components) of each node are connected to the
GPIO pins as shown in the Table 4.1.

Table 4.1. A map of connecting components to the Raspberry Pi

) Intermediate | Raspberry Pi
Item Item's pin )
Items pin
v e Pin1-33V
Analog-to-Digital Converter S Bin 25 —GND
(AD51115) scL | e Pin 5 - SCL1(I?C)
SsbA | Pin 3— SDA (I°C)
GND | e Pin9 - GND
Capacitive Soil Moisture v 2.0 [1] vee | Pin17-3.3V
AOUT A0 (ADS1115) | e
Soil Temperature Sensor - GND ] Pin 14 - GND
DATA 5k Ohm (Resistor 1) Pin7-GPIO 4
DS18B20 [1’ 2] VDD 5k Ohm (Resistor 1) Pin17-33V
Air Humidity & Temperature vee | Fin2 -5V
DATA | - Pin 18 - GPIO 18
Sensor - DHT 11 [1] N> B E— B 6 —GND
GND | - Pin 6 - GND
Relay Module with Optocoupler Nl Relyl | B3 GPIO
(|N) In2-Relay2 | - Pin 38 — GPIO 20
vcc | - Pin2 -5V
GND | - Pin 9 - GND
Capacitive Soil Moisture v 2.0 [2] vee | Pin17-33V
AOUT Al (ADS1115) | -




Table 4.1. (continued)

Air Humidity & Temperature vee | Pin2-5v
DATA | - Pin 23 - GPIO 23

Sensor - DHT 11 [1] TN B E— 56 GND

LED Cathode (-) 330 Ohm (Resistor 2) -Pin 9-GND
Anode (+) | - Pin 36 — GPIO 16

Cathode (-) | - Pin 9 — GND

Buzzer athode () -

Anode (+) | - Pin 37 — GPIO 26

On the other hand, the water pumps are connected to the relay module as indicated in

the Table 4.2.

Table 4.2. Connecting the relay module to water pumps

AC Power Source Relay Module (OUT) Water Pump
VCC 220v COM[Relay1,2] | = =
------- NO [Relay 1] VCC [Water Pump 1]
------- NO [Relay 2] VCC [Water Pump 2]
GND | - GND [Water Pump 1,2]

b. Software implementation stage:

First of all, the operating system "Raspberry OS" is installed on the “Raspberry Pi 3

Model B” device, then The Visual Studio Code editor is installed to start writing an

irrigation management application by Python 3.7 language.

Since it is good programming practice to divide large code into smaller files for easier

code management and maintenance, the irrigation management application that runs

on Raspberry Pi has been divided into files called modules in Python, meaning that

these modules can be

imported into any Python program [76].

Irrigation management application in the “IoT Layer” consists of several modules,

each of these modules is used as shown in Table 4.3.;
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Table 4.3. Modules for irrigation management application in the "loT layer"

Module Name

Usage

loT.py

To read from the sensor unit (SU) and send the

appropriate command to the actuator unit (AU)

logger.py

To store sensors' readings and actuator status in the

local memory of the “IoT layer”

firebase_utilties.py

To configure the connection to the “cloud layer”
and CRUD operations

main_process.py

To implement the main scenario for irrigation

management

Smart_lIrrigation_Firmware.py

To execute the application

Another module called "calibration_Soil_Moisture_with_ ADS1115.py" that must be

used to calibrate each capacitive sensor of soil moisture before using it. Then, the

minimum and maximum values for each sensor must be stored separately.

Furthermore, two irrigation management application files related are created to store

data in the local memory in the “IoT layer” and use it as shown in the Table 4.4.

Table 4.4. Data storage files

File Name

Description

data_logger.json

To store sensor readings and actuator status

irrig_db.json

To store configuration settings

On the other hand, the flowchart in Figure 4.2. illustrates the work scenario of the

irrigation management application in l1oT layer.
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Figure 4.2. Flowchart of smart irrigation application in “IoT layer”
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4.3.2.Cloud layer

Firebase allows the creation of an instance that can be used in a mobile application
"application layer" as well as another instance that can be used in the "1oT layer". The
main purpose of these instances is to provide access to data in real time so that when
there is any update on the data stored in this database is all these updates reach users'

devices in real time.

After this instance is created, it is included in the irrigation management application in

the "loT layer"”, and the same is true of the mobile application's instance.

However, in the "application layer", it is not directly connected to the cloud layer, but
rather the verification service is passed first, in which the identity of the authorized
user is verified by e-mail and password, and then the application can access the
database data.

4.3.3. Application layer

Android Studio is used as an IDE to create a mobile application that allows to the end-

user control to “nodes” of the “loT layer” across the cloud layer.

In this layer, the mobile application has the following screens as in Table 4.5.

Table 4.5. Mobile application screens

Screen Name Usage

To create an account for the end-user and allow

them to sign in to the application or sign into the

Login application directly if an account already exists,and
S0 access the real-time database in Firebase.
The application's home screen, from which the next
Dashboard

five screens can be accessed or logged out.
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Table 4.5. (continued)

Sensors

For each node, this screen displays readings from
the sensors and the state of the actuators, as well as
threshold values for each sensor that can be adjusted

using this screen.

Actuators

To manually control the on/off of each water pump
for each node, as well as to manually update the data
with the ability to view the time and date of the last

update operation.

Settings

To control the desired irrigation mode, automatic or
manual, as well as set the “recheck” period in the
automatic irrigation mode, In addition, each node

(field/plant) can have a written description about it.

Logs

Displays the sensor data log and actuator status for

each node with the date and time of each entry.

4.4. System Demonstration

In this section, each layer of the loT-based smart irrigation system architecture will be

demonstrated after its implementation as follows.

4.4.1.10T layer:

The form of the hardware stage of the proposed system prototype in the 10T layer can

be demonstrated in Figure 4.3.
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Figure 4.3. Prototype of the proposed system

As shown in the Figure 4.3., the sensors unit (SU) and water pumps were delivered to

each node separately so that the decision to irrigate each node is made based on desired

mode (auto/manual) as well as on the sensor values and the appropriate amount of

irrigation for each node.

On the other hand, the software stage in the loT layer of the smart irrigation

management application when the irrigation mode is automatic can be demonstrated

in Figure 4.4.

STARTING THE

Initial Step: Irrigation plan settings in the 'local database'

ading sensor data for plant ( 000
urrent Soil moist is: 31.7 , and MSM is: 48.0
ous state ..

1. Start reading sensor data for plant ( 2 )...
= urrent Soil moist is: 8.2 , and MSM is: 50.0
The plant ( 2 ) s watering !!

nding data to T 2 ooo
update last state data ...

--> Insert new log data ...

are updated by firebase su

Figure 4.4. Smart irrigation management application (10T layer) - Auto irrigation mode
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In contrast, and as shown in Figure 4.5., the flag state changes after receiving orders
such as Pump On/Off, or update data.

sfully.

Pump S
Update Firebase DB's Last State Data ...
ommand Flags 1' is updated ...
Manual ...

Pump State
Irrigatio
Pump S
Pump Sta
Irrigation
Pump S

Pump

Pump State

Update Firebase DB's Last State Data ...
'Command Flags 2' is updated ...

Irrigation Mode: Manual ...

Figure 4.5. Smart irrigation management application (10T layer) - Manual irrigation mode

4.4.2.Cloud layer:

Figure 4.6. illustrates how the Firebase real-time "No-SQL" database would look after

the “Cloud layer” is implemented and connected to the 10T layer and application layer.

@O | # smart-irrigation-system - Firebka: X | == — (s) X
&« G @ https//console firebase.google.com/project/smart-irigation-system-iot-dl/database/smart-irrigation-system-iot-dl-default-rtdb/data Y 1= 2 .
b Firebase smart-irrigation-system ~ Gotodocs M 0
.
A Project Overview ko] Realt|me Database e
Data Rules Backups Usage
Build PR
2 Authentication
2 Firestore Database G  hitpsi/smartirrigation-system-iot-dl-default-rtdb firebaseio.com/ ® O
& Realtime Database
B3 Storage smart-irrigation-system-iot-dl-default-rtdb
® Hosting = config
() Functions =} frrig_plan N
) Machine Learning Q- plant.1
B plant_2
Q- flags
Release & Monitor i
=)-- node

4% Crashlytics =1 last_state

: o plant_1
& Extensions o plant_2

Q- log
Spark
Free $0/month peED

< @ Database location: United States (us-cantrall)

Figure 4.6. Firebase real-time "No-SQL" database
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In addition, if the database data of this layer is updated, by the “IoT layer” or the
“application layer”, these changes will be indicated by highlighting the changed value,

as seen in the Figure 4.7.

[ | ¥ smart-imigation-system - Firebz- X | -

< @) 3 https://consolefirebase.google.com/project/smart-irrigation-system-iot-dl/database/smart-irrigation-system-iot-di-default-rtdb/data e 1= -
h Firebase smart-irrigation-system ~ Gotodocs MR o B
A Project Overview o Realtlme Database 0
Data Rules Backups Usage
Build —_—
= Authentication
Firestore Database G  hiips:/smart-rrigation-systemviot-dl-defauli-rtdb firebaseio.com/ ®© ©
Realtime Database "
Storage ‘ ‘ |
Hosting =} config [
Functions | @-imig_plan
Machine Learning flags
5 o) |
=i Tast_state
Release & Monitor
@ plant_1
£, Crashlytics | o-plant2
| > g |
129
&  Extensions B -MqddeU2akix1RFOIDDp
-Mq9dhpqj074PHt7Wz0M
SEa Upgrade Mq9dmdywX37¢17gq0L4
Free $0/month Q- -Mq2dmdywX37e179q
- -Mq2do8TZsKd-04I5kHb

<

@ Database location: United Stat: entral 1) v

Figure 4.7. Highlighting changed data in Firebase real-time database

Some billable metrics (connections, storage, downloads) can also be accessed through
the “Usage Tab” as illustrated in Figure 4.8.

[ | ¥ smart-imigation-system - Reakin X | — o X
< @) 3] https://consolefirebase.google.com/project/smart-irrigation-system-iot-dl/database/usage/last-30d/storage T8 1= 2 -
h Firebase smart-irrigation-system ~ Gotodocs MR m B
A Project Overview Realtlme Database 0
Data Rules Backups Usage
Build
&%  Authentication
Last 30 days
23 Firestore Database Jan13-Feb12 ~
& Realtime Database Billable Metrics
By Storage
@® Hosting
- Connections
() Functions CS1 ®
() Machine Learning pest 20318
Storage @ o e
Release & Monitor O 129.5KB curent
9.77KB
'E- Crashlytics Downloads &
@ 88.25KB total 0B L - - - - -
& Extensions Jani5 Jani7 Jani9 Jan21 Jan23 Jan25 Jan2 b1 Feb3 Feb5 Feb7 Febo Febl
Billable metrics (per day)
Spark
U d
Free §0/month e
View in Usage and Billing
<
Load Metrics 2

Figure 4.8. Billable metrics in the real-time database
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On the other hand, the username/password authentication method is used to link the

mobile application to the “cloud layer”, as demonstrated in Figure 4.9.

im] ¥ smart-imigation-system - Authe

< @)

h Firebase

A Project Overview

Authentication

Firestore Database
& Realtime Database
PY Storage
® Hosting

(-) Functions

@) Machine Learning
Release & Monitor
&, Crashiytics

& Extensions

Spark

Upgrade
Free $0/month 5

<

x |+

(B httpsy//consolefirebase.google.com/project/smart-irrigation-system-iot-dl/authentication/providers

smart-irrigation-system v

Authentication

Users Sign-in method Templates Usage

Sign-in providers

Provider

Email/Password

Authorized domains &

Authorized domain

localhost

smart-rrigation-system-iot-dl.firebaseapp.com

= a X

% v @ @8

Gotodocs M m .
(2]

‘Add new provider

status

@ Encbled

Type

Default

Default

Figure 4.9. Authentication method

After the mobile application connects to the “cloud layer” and creates a new account

for the first time, the created accounts are preserved as shown in the Figure 4.10.

[im} ¥ smart-irrigation-system - Authe

& C
¥ Firebase

A Project Overview o3

Authentication
Firestore Database
Realtime Database

Storage

oI in»

Hosting

Functions

(330

Machine Learning

Release & Monitor

% Crashlytics

& Extensions

Spark

Free $0/month Ungrade

<

x |+

@ https://console firebase.google.com/project/smart-irrigation-system-iot-dl/authentication/users

smart-irrigation-system v

Authentication

Users Sign-in method

Templates Usage

4: Prototype and test end-to-end with the Local Emulator Suite, now with Firebase Authentication

Q_ search by email address, phone number, or user UID

Identifier Providers Created
consultant@s Feb 12,2022
test@smart.com Dec 5,202
smart@smart.com Dec 4,2021
smart@irrig.com Dec1,2021
Nov 30,202

= a X

e t= e
Gotodocs M o
@

Get started (3 X

3 -

Signed In

User UID

XmrwaAr hkre2TVru4LC4.

A1076i40hSNTBh60vUSbIh49ta 2

06N n1KRon8XK

Zsqdi7BBk6 g1 KFveevLYNWDUGYB3

800eq4ipUaNyppyC1rELUbigZqM2

owsperpage: 50 w -50f5

Figure 4.10. Users ldentifiers using firebase Authentication
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4.4.3. Application layer:

This layer reflects the actual testing of the proposed system's outputs and their
conformity to the objective for which it was built, and it can be clarified using the

screens below:

- Login screen:

A new account can be created as indicated in (Figure 4.11. (a) Login screen — Sign up)
by this screen. If an account and password are available, it is possible to log into the
application through it as shown in (Figure 4.11. (b) Login screen — Log in). The
registration data is sent to the authentication service of Firebase in the cloud layer, and
if the user is authorized to enter, it can access the application. Therefore, it can access
the data stored in the cloud database, which can be used to control and preview data

from the IoT layer.

LOGIN

E-mail
smart@smart.com

Login

Create an account
Sign Up

Have an account? Login

< ) O < O O

(a) (b)

Figure 4.11. (a) Login screen — Sign up, (b) Login screen — Login
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- Main screen:

This screen appears after passing the entry; so that the user is taken to this screen, from
where they can select the relevant screen from among the five available screens: the
dashboard screen, the sensors screen, the actuators screen, the settings screen, and the
logs screen, as seen in the Figure 4.12.

SMART IRRIGATION (loT) ()

@

DASHBOARD

SETTINGS

Figure 4.12. Main screen

- Dashboard screen:

This screen provides the end-user with the status and readings of the sensor unit
represented by: the soil moisture sensor, soil temperature sensor, ambient temperature,
and humidity sensor, in addition to the water pump status for each node (field/plant)
(see Figure 4.13.).
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On the other hand, this screen is divided into two sections, one for each node, and the
data is updated in real-time in the automated irrigation mode, with the option to see

the time and date of the update.

{# SECOND PLANT STATUS

F'RST PLANT STATUS “ Last update 30/12/2021 09:23:26

30/12/2027 12:41:31 e %
Soil Moisture :

Soil Moisture : .
Soil Temperature :

Soil Temperature :
Air Humidity :

Air Humidity :
Air Temperature :

Air Temperature :
Pump State :

Pump State :

Figure 4.13. Dashboard screen

- Sensors screen:

An end-user can view the threshold values and ranges for each sensor on this screen,

which is demonstrated in Figure 4.14.

During the automatic irrigation mode, the critical reading for making the irrigation
decision is the minimum value of the soil moisture sensor. This value represents the
lowest value of soil moisture or percentage of water in the soil at the point at which
the water pump is operated to irrigate the soil based on the reading value.

However, the high value of Maximum Soil Moisture (MSM), determines how much
water is necessary for soil irrigation. When this value is achieved, the soil irrigation
will be stopped; that is, the decision to turn off the pump is made on the basis of this
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value. This number indicates that the soil nodes have received the maximum or

optimum amount of watering.

Il

SENSORS 0) i idity
SENSORS Q Air Humidity

—

Case No. Min Max MSM

FIRST PLANT SETTINGS

Case 1: < 23 50
Case 2: 23 50 40
Soil Moisture
Case 3: 50 60 a5
Min : 23 Max = MSM Case 4: 60 5 30
Soil Temperature Air Temperature
CaseNo. Min  Max  MSM CaseNo. Min Max MSM
Case 1: < 17 59 Case 1: < 27 35
Case 2: 17 36 48 Case 2: 27 53 40
Case 3: 36 64 52 Case 3: 53 78 45
Case 4: 64 > 60 Case 4: 78 > 50
Air Humidity ©
Case No. Min Max MSM
Case T: < 23 50 < O O
(a) (b)

Figure 4.14. Sensors screen

In order to achieve dynamism in the irrigation decision, which is what is represented
by the marginal value at which the irrigation decision will be taken, the possibility of
specifying a value for each plant has been added, in addition to the possibility of
adjusting it at any time, as shown in Figure 4.15. (a) The minimum value of soil
moisture. In addition, the minimum and maximum sensor values for other sensors and
for each level can be modified at any time as shown in Figure 4.15. (b) Ranges of soil
temperature.
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Soil Temperature

Case 1. < D [j

[

it —— %
Case 4: >

B3 - | I

(@) (b)

Figure 4.15. (a) Minimum value of soil moisture, (b) Ranges of soil temperature

Soil Moisture

Input miin value

- Actuators screen:

This screen is important when irrigation mode is manual, each node (field/crop) has
its own operator (water pump), as shown in Figure 4.16. It can be controlled manually
through this screen, and the data can be updated manually. Observing the sensor
readings, the status of the water pump, as well as display the time and date of the

update are possible.

However, it should be noted that if the irrigation mode is automatic, it is not possible
to control the turn on/off of the pump manually, as the on/off button of the water pump
is disabled on this screen because the decision to control the operation of the pump is

taken automatically.



{# FIRST PLANT ACTUATOR

30/12/2021 12:41:31

Pump (ON/OFF): C.

Pump State : OFF

Note: The actuators can only be controlled in manual
irrigation plan.
The plan can be changed from the settings page.

Update Data: Q

Air Temperature : 21.0

{# SECOND PLANT ACTUATOR

30/12/2027 09:23:26

Pump ON/OFF: (1D

Pump State : ON

Note: The actuators can only be controlled in manual
irrigation plan.
The plan can be changed from the settings page.

Update Data: Q
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Soil Moisture : Soil Moisture :

Soil Temperature : Soil Temperature :
Air Humidity : Air Humidity :

Air Temperature : Air Temperature :

Figure 4.16. Actuators screen

- Settings screen:

One of the most important things about this screen is that you can choose the right
irrigation plan. It can be switched between automatic and manual irrigation by clicking

the irrigation plan button.

It is also possible to select the time period during the sensors will be reread to
determine whether or not irrigation is needed, as well as the amount of irrigation that
should be applied. This value has also been designed dynamically so that it can be

modified according to the appropriate value at any time.

There can also be a description set for each node (field/plant) as shown in Figure 4.17.

(b) to make it easier to identify the crop's name and other relevant parameters.



SETTINGS D PLANT SETTINGS

GENERAL SETTINGS ( FIRST PLANT SETTINGS

Description :

Irrigation Plan:
“This is the first plant and the first field, you can edi
this text by clicking on it.”
Manual _ Auto

Auto plan duration (seconds):

(- SECOND PLANT SETTINGS
[ 7200 Sec. Ve )

Description :

“This is the second plant and the second field, you
can edit this text by clicking on it.”

(a) (b)

Figure 4.17. (a) Settings screen — General settings, (b) Settings screen — Plant settings

- Logs screen:
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This screen shows the records for each "lIrrigation Need Check for each node in (Auto)

Irrigation Mode".

Therefore, SU readings for each node (soil moisture sensor, soil temperature, ambient

temperature, and humidity), AU unit or pump status, as well as the time stamp, are

stored in the database as shown in Figure 4.18.

< LOGS

®

©)

Plant Type <<<< 1 >>>>

Soil Moisture :16.0

Soil Temperature :17.7 C

Air Temperature :18.0 C

Air Humidity :78.0

Pump State :ON

Time Stamp :12/12/2021 20:29:34

Plant Type <<<< 2 >>>>

Soil Moisture :14.0

Soil Temperature :17.51 C

Air Temperature :18.0 C

Air Humidity :65.0

Pump State :ON

Time Stamp :12/12/2021 20:29:40

Plant Type <<<< 1 >>>>
Soil Moisture :16.1

Figure 4.18. Logs screen



CHAPTER 5. CONCLUSIONS AND FUTURE WORK

In agriculture, rationalizing the use of water for irrigation and its intelligent
management is one of the most important strategies for achieving long-term
sustainability. This study deals with a general definition of the Internet of Things
applications in smart agriculture in general and smart irrigation management in

particular.

The sensors for soil moisture, soil temperature, and surrounding environment
temperature and humidity are used in the proposed model in this study to make
irrigation decisions and decide the appropriate amount of irrigation based on the

information obtained from the sensors.

This thesis made several contributions, including its adoption of the dynamic factor in
making the irrigation decision, meaning that the threshold value for taking the
irrigation decision is not fixed, but rather variable, and it can be adjusted according to
the type of plant and when needed. The same is true for the appropriate amount of
irrigation, where the appropriate amount of irrigation is determined through the
relationship of soil temperature readings, air temperature, and humidity with soil
moisture, and based on those values, the value at which soil irrigation will be stopped
is chosen, in addition to the possibility of the watering mode being manual or

automatic.

In the future, we plan to add additional sensors, such as rain sensor and water level
sensor, as well as an option to select the appropriate irrigation plan based on available
amount, for example, basic irrigation, medium irrigation, or full irrigation based on

how much water is in the tank and how much is needed.
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Artificial intelligence and deep learning will be used to make irrigation decisions and
decide the right amount based on the data that will be fed into the system during the

training process.
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