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INEPIAHYH

H teyvoroyum avantuén dev akorovbel puokd 1 adpata dplo Kot enekteivel Tig pileg g Tpog
Oheg TIG KatevBivoels. Akorovbdvtog Ta idwa kprripia, o kKAGSog Tov = Internet of Things™, £xet
IS EQAPUOYEG TOV 6TOV Topéa TG Blopmyaviag, g owokmg acediewns ,oto £Eumva omitio. Kot
TG £EVTVEG TOAELS Kl € TOALOVG GALOVS TOHEIS. AKOUN KOL O YEOPYIKOS TOUENS OEV TUPELELVE
GOwtog Kot £T01 dnpovpyntnke o véog khadog tov “Agriculture Internet of Things™. O kKhddog
tov AloT ocvuPdiier oy adénon MG TEPAYOYIKOTNTOS TOV KAAMEPYELDV WHECH NG
duyeiplong Kot Tov eAEYYOL TOV YEOPYIKOV dpactnprotitov. Emmiéov cuvdéetar dppnkto pe
mv toyeio eEEMEN Tov aopuatmv diktoov mcttipov (Wireless Sensor Networks - WSNs)
mov Ponbovv ot Onovpyic. CVTOVOL®V KOl  EAEYYOUEVOV CLOTNUATOV HECH  TNG
nopakoroDOnong, ¢ oVALOYRG Koi NG emefepyociog dedopévev mOv TPOEPYOVTUL Mo
Oupopes HovAdes aviyvevons. Xto TAGICWL TNG OCUYKEKPIUMEVNS HETUTTUYOKNG Epyaciog
oxeAOTNKE KOl avomTOXONKe it OAOKANPOUEVY] TAATQOPLO. GLALOYMG, Olayeiplong Kot
AMEIKOVIONG YEMUETEMPOLOYIKADV OESOUEVOV. AVTH 1| TAUTOOPHE CUYKEVTIPOVEL dedOpEVE amd
éva diktvo awcnmipov, emkowovel pe éva dwkopot) ‘backend’ yw v katdAinin
eneEepyaocion TOVG Kot TEAOG TUPOVCIALEL TIC YPNOULES YEMPYIKEG TANPOPOPIES GTOV TEAMKO
xpnom pEcw evog ypagkov mepiPdirovrog  “frontend” ywr KuwmtéS OCLOKEVLEG Kol Yo

VTOAOYIOTEG.
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ABSTRACT

Technological Development follows no physical or invisible boundaries and expands its roots in

all directions. Working on same criteria Internet of Things [25] has its applications in field of

Industry (as Industrial Internet of Things), home security and smart cities and so on. Even the

agricultural sector isn’t left untouched from the technological development of Internet of Things
leading to development of Agriculture Internet of Things. AloT helps in increasing crop
productivity by way of managing and controlling the agricultural activities. It is inextricably
linked with the rapid evolution of Wireless Sensor Networks (WSNs) that assists the formation
of autonomous and controllable frameworks. In the context of this master thesis an integrated
agrometeorological data collection, management and visualization platform has been designed
and developed. This platform gathers data from a sensors network consist of several sensing
modules , communicates with a backend server for appropriate processing and finally illustrates

the useful agricultural information to a frontend web and mobile application.
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1. INTRODUCTION

Smart environments represent the next evolutionary development step in building, utilities,
industrial, home, shipboard, and transportation systems automation. Like any sentient organism,
the smart environment relies first and foremost on sensory data from the real world. Sensory data
comes from multiple sensors of different modalities in distributed locations. In this thesis we
present a framework which based on a Wireless Sensor Networks (WSN) consists of agricultural
sensory data. In the second chapter we give an introduction on WSNs and their existing MAC
and Network Protocols. In the third chapter we present the modules, platforms, architectures and
standards used to build the sensors network. In the fourth chapter we describe the topology of the
WSN. In the fifth chapter we give a small explanation of precision agriculture. In the sixth and
seventh chapters we analyze how crop water management is feasible through Agriculture
Internet of Things with integration of Sensor Observation Service. Irrigation monitoring and
processing provide a solution to manage water requirement or water supply for crop irrigation.
Finally in the last chapters we present and analyse the frontend software that implemented in the
context of this thesis ,web and mobile, for visualize all data measurements and information to the

farmers.
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2. Wireless Sensor Networks and Existing MAC and Network Protocols
2.1.  Wireless Sensor Networks
A wireless sensor network [1] is a collection of nodes organized into a cooperative network.
Each node consists of processing capability (one or more microcontrollers, CPUs or DSP chips),
may contain multiple types of memory (program, data and flash memories), has an RF
transceiver (usually with a single omnidirectional antenna), has a power source (e.g. batteries and
solar cells) and accommodates various sensors. A wireless sensor network (WSN) generally
consists of a base station (or “gateway”) that can communicate with a number of wireless sensors
via a radio link. Data is collected at the wireless sensor node, compressed, and transmitted to the
gateway directly or, if required, uses other wireless sensor nodes to forward data to the gateway.
The transmitted data is then presented to the system by the gateway connection. Creating

wireless networks can be done using a variety of RF protocols, the most widely used protocol is

the 802.15.4 standard.

2.2. 1IEEE 802.15.4 standard
The IEEE [2] 802.15.4 is a standard which specifies the physical layer and media access control
(MAC) for low-rate wireless personal area networks (WPANSs). Devices are conceived to interact
with each other over a conceptually simple wireless network. The definition of the network

layers is based on the OSI (Open System Interconnection) model although only the lower layers
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18/05/2024 07:35:26 EEST - 3.138.32.9



10
MavemoTApio
Otooahidag

are defined in the standard, interaction with upper layers is intended, possibly using an IEEE

802.2 logical link control sublayer accessing the MAC through a convergence sublayer.

802.15.4 architecture

Upper layers

IEEE 802.2
IEEE 802.15.4 LLC ' LLC, Type 1 '

IEEE 802.15.4 MAC ’ 802.15.4

" IEEE 802.15.4 ' " |EEE 802.15.4 ’
PHY

868/915 MHz 2400 MHz
PHY

2.2.1.  802.15.4 Physical Layer
Physical layer is the initial layer in the OSI reference model used worldwide. The physical layer
(PHY) ultimately provides the data transmission service, as well as the interface to the physical
layer management entity, which offers access to every layer management function and maintains
a database of information on related personal area networks. Thus, the PHY manages the
physical RF transceiver and performs channel selection and energy and signal management
functions. It operates on one of three possible unlicensed frequency bands:

e 868.0 - 868.6MHz: Europe - | channel

e 902.0-928.0MHz: North America - up to 10 channels

Institutional Repository - Library & Information Centre - University of Thessaly
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e 2400-2483.5 MHz: Worldwide — up to 16 channels

Supported Bit Rates:
e 868.0 - 868.6MHz: 20, 40, 100, 250 Kb/s
e 902.0-928.0MHz: 40,250 Kb/s

e 2400-2483.5 MHz: 250 Kb/s

2.2.2. 802.15.4 MAC Layer
This standard defines a communication layer at the 2nd level of the OSI model. The medium
access control (MAC) enables the transmission of MAC frames through the use of the physical
channel. Besides the data service, it offers a management interface and itself manages access to
the physical channel and network beaconing. It also controls frame validation, guarantees time

slots and handles node associations. Finally, it offers hook points for secure services.

2.2.3. 802.15.4 Network model
2.2.3.1.  Node Types
The standard defines two types of network nodes. The first one is the full-function device (FFD).
It can serve as the coordinator of a personal area network just as it may function as a common
node. It implements a general model of communication which allows it to talk to any other

device: it may also relay messages, in which case it is dubbed a coordinator (PAN coordinator

Institutional Repository - Library & Information Centre - University of Thessaly
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when it is in charge of the whole network). On the other hand there are reduced-function devices
(RFD). These are meant to be extremely simple devices with very modest resource and
communication requirements, due to this, they can only communicate with FFDs and can never

act as coordinators.

2.2.3.2.  Topologies
Networks can be built as either peer-to-peer or star networks. However, every network needs at
least one FFD to work as the coordinator of the network. Networks are thus formed by groups of
devices separated by suitable distances. Each device has a unique 64-bit identifier, and if some
conditions are met short 16-bit identifiers can be used within a restricted environment. Namely,

within each PAN domain, communications will probably use short identifiers.

Star Peer-to-Peer

. PAN Coordinator

(@)
(@):3

Peer-to-peer (or point-to-point) networks can form arbitrary patterns of connections and their
extension is only limited by the distance between each pair of nodes. They are meant to serve as

the basis for ad hoc networks capable of performing self-management and organization. Since

Institutional Repository - Library & Information Centre - University of Thessaly
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the standard does not define a network layer, routing is not directly supported, but such an
additional layer can add support for multi-hop communications. Further topological restrictions
may be added; the standard mentions the cluster tree as a structure which exploits the fact that an
RFD may only be associated with one FFD at a time to form a network where RFDs are
exclusively leaves of a tree, and most of the nodes are FFDs. The structure can be extended as a
generic mesh network whose nodes are cluster tree networks with a local coordinator for each
cluster, in addition to the global coordinator.

A more structured star pattern is also supported, where the coordinator of the network will
necessarily be the central node. Such a network can originate when an FFD decides to create its
own PAN and declare itself its coordinator, after choosing a unique PAN identifier. After that,

other devices can join the network, which is fully independent from all other star networks.

2.2.4. On top of IEEE 802.15.4
There are several protocols which use IEEE 802.15.4 [3] as its MAC layer. The most known is

ZigBee [4]. although the protocol is the basis for several other specifications such as:

e Wireless HART [5]: It is the wireless version of the HART protocol which is the most
used in the automation and industrial applications which require real time. It uses Time
Synchronized Mesh Protocol (TSMP). A "time coordinator" node is required in order to

assign the time slot to all the notes.
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e [SA - SPI00 [6]: It also centers in the process and factory automation. It is being
developed by the Systems and Automation Society (ISA) and tries to be an standard for
this kind of projects.

e 6LoWPAN [7]: As the may point out it is the implementation of the IPv6 stack on top of
802.15.4 to let any device be accessible from and to the Internet.

e MiWi [8]: It is designed for low data transmission rates and short distance.

e Mesh protocols: A lot of different mesh networking protocols have been and are being
implemented by companies over the 802.15.4 MAC layer. One in particular is Digi’s [9]
DigiMesh™. DigiMesh™ is a proprietary peer-to-peer networking topology for use in
wireless end-point connectivity solutions. The nature of its peer-to-peer architecture
allows DigiMesh™ to be both easy to use and equipped with advanced networking

features, including support for sleeping routers and dense mesh networks.

3. Hardware devices used to implement WSN
In order to be able to implement the platform for the agrometeorological data collection of this
thesis several hardware modules had to be programmed and used. These modules are presented

below.

Institutional Repository - Library & Information Centre - University of Thessaly
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3.1. Arduino
The most common open-source electronics platform is Arduino [10]. Arduino is a single- board
microcontroller, the hardware consists of an open-source hardware board designed around an
8-bit Atmel AVR microcontroller or a 32-bit Atmel ARM. The Arduino platform is low-cost and
can be used in a variety of projects. An important aspect of the Arduino is the standard way that
connectors are exposed, allowing the CPU board to be connected to a variety of interchangeable
add-on modules known as shields. Most boards include a 5 volt linear regulator and a 16 MHz
crystal oscillator. What differentiates the Arduino from other platforms is that an Arduino's
microcontroller is pre-programmed with a boot loader that simplifies uploading of programs to
the on-chip flash memory, compared with other devices that typically need an external
programmer.The Arduino board can easily be programmed through a cross-platform Arduino

Software IDE.

3.2. ICARUS Wireless IoT Sensor Mote
The prototype NITOS wireless sensor mote [11], is comprised of open-source and configurable
modules. ICARUS mote features the ATmega32u4 [12] microcontroller running at 8MHz and
operating at 3.3V. The aforementioned microcontroller is fully compatible with the Arduino
platform that enables ease of software development and provides compatibility with several
commercial sensing modules. Moreover, the platform is equipped with an XBee radio interface
that enables communication with the respective gateway. The XBee module is a tiny device ideal

for setting up mesh networks and has a defined rate of 250 kbps. This module uses the IEEE

Institutional Repository - Library & Information Centre - University of Thessaly
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802.15.4 stack which we analyzed above.Apart from the Xbee module, NITOS mote can also
feature a WiFi wireless interface in order to communicate with WiFi gateways. The developed
mote currently features specific sensing modules, an air temperature and humidity sensor, a light
intensity sensor and a human presence sensor. Various types of sensing modules and actuators
can be further integrated exploiting existing Arduino software that implements several existing
communications protocols. The firmware can be easily uploaded through the on-board USB
connection. The mote features:

e 8-bit AVR RISC-based microcontroller.

e Operates at SMHz/3.3v.

e 32KB flash memory.

e |0-bit A/D-converter.

e USB 2.0 Interface.

e 4x ADC pins.

e 12 x Digital 1/Os.

e Arduino compatible.

AIMEL

ATmega32u4

Institutional Repository - Library & Information Centre - University of Thessaly
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In this thesis the IoT sensor mote that has been used for the deployment is based on the

ATmegal284p micro-controller as we mentioned above. In brief the characteristics of the mote:

Support for two wireless interfaces (XBee footprint see paragraph 3.3).

Flash memory to support over-the-air programming.

Programmable analog switches to turn off electronic blocks when not in use (wireless
interfaces, sensors, other peripheral circuits) to minimize overall power consumption.
DC-DC voltage converters (instead of LDO regulators) for higher power efficiency.
Expansion ports for connecting external sensors.

On-board digital temperature, humidity & ambient light sensors.

IC for Battery charging up to 1A, over solar panel.

Fuel Gauge Battery monitoring IC.

Real-Time-Clock IC.

Icarus Wireless [oT Sensor Mote

= ||
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3.3. XBee
The XBee radios are a set of RF modules designed to operate under the IEEE 802.15.4
networking protocol. They are developed by Digi International and provide low-cost wireless
connectivity to WSN nodes. These modules provide high-throughput and low latency
communication. Communication is achieved through a UART.
For the deployment the type of XBee module that have been used is:
XBee S8[13] and XBee 865/868 Low Power SMT embedded RF modules provide wireless
connectivity to end-point devices in mesh networks. Utilizing the XBee-PRO Feature Set, these
modules provide wireless communication based on the IEEE 802.15.4 standard and are
interoperable with other devices, including devices from other vendors. With the XBee, users can
have their network up-and-running in a matter of minutes without configuration or additional
development. More specific ,the features of this xbee are:
e Indoor/Urban Range : up to 370 ft (112 m) w/2.1 dBi antenna, up to 46 ft (14 m)
w/embedded antenna
e OQOutdoor RF line-of-sight Range : up to 5.2 miles (8.4 km) w/2.1dB dipole antenna, up to
0.4 mi (640 m) w/ embedded antenna.
e Transmit Power Output: 12 dBm (16 mW
e RF Data Rate (High) : 80 kbps
e RF Data Rate (Low : 10 kbps
e Serial Interface Data Rate (software selectable) : 9600-230400 baud

e Supply Voltage: 2.7 to 3.6 VDC

Institutional Repository - Library & Information Centre - University of Thessaly
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e Operating Frequency Band: 863 to 870 MHz

e Operating Temperature: -40° to 85° C (industrial)

e Antenna Options: Pad on module edge, U. FL RF connector, embedded antenna
e Digital I/0: 13 1/O lines, 5 dedicated to SPI that can be used as digital output

e ADC: 6 10-bit analog inputs.

XBee s8 868MHz

The XBee modules can be configured through Digi’s XCTU program. The XCTU is a
multi-platform application designed to enable developers to interact with the XBee RF module.
This interaction includes firmware updates in order to change operating modes (e.g. from ZigBee
Coordinator to ZigBee Router) and to manage and configure the RF devices.
XBees have two modes of operation:
e AT Command Mode (Transparent Mode): The XBees that operate in AT Command
Mode can be configured through simple AT commands issued through the serial UART.

The XBee module enters the command mode when the characters “4+++" are sent to the

Institutional Repository - Library & Information Centre - University of Thessaly
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e XBee. Afterwards the XBee replies with “OK™ and the XBee is in command mode. An

example of an AT command is “ATID” which returns/sets the XBees PAN ID.

e API Mode: API (Application Programming Interface) mode is a frame-based method for
sending and receiving data to and from a radio's serial UART. These frames are called
ZigBee Device Objects [14]. The API is an alternative to the default transparent mode.
The API allows the programmer the ability to:

o Change parameters without entering command mode
o View RSSI and source address on a packet by packet basis
o Receive packet delivery confirmation on every transmitted packet

XBee comes with various connectors for the antenna connection or with a built-in wired antenna.

3.4. External Soil Sensors for WSN

Sensors are common and serve a variety of functions in industrial applications. The industrial
category serves as a catch-all classification, encompassing diverse applications such as smart
buildings, asset tracking, medical, energy & oil, and others. Within that category is smart
agriculture, sometimes referred to as precision farming. What effect is [oT having on the smart
agricultural sensors? If we define loT as direct or indirect cloud connectivity, the answer is

currently mixed. While sensors are driving a number of applications within agricultural
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applications, IoT or cloud connectivity has to make its case within each sub-application of

agriculture.

As part of the networking of sensors for agro-meteorological and agricultural needs in the

wireless [oT Sensor Motes that we described above, certain types of sensors were added.

3.4.1.  Soil Moisture
Measuring soil moisture for growing purposes for our platform the WATERMARK [15] sensors
have been used which are a calibrated, indirect method of measuring soil water tension. Soil
water tension (or matric potential) has to be overcome for the plant to move water into its root
system. Different soil types will have different tensions even at the same volumetric
measurement, making volumetric information relative to local conditions and often requiring site
calibration for reading equipment. Because we use soil water tension, there is no site calibration
required when using our sensors. The Watermark sensor is consisting of two electrodes highly
resistant to corrosion embedded in a granular matrix below a gypsum wafer. The resistance value
of the sensor is proportional to the soil water tension, a parameter dependent on moisture that
reflects the pressure needed to extract the water from the ground. It is designed to be a permanent
sensor, placed in the soil to be monitored and “read™ as often as necessary with a portable or

stationary device.
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«

Soil Moisture (Watermark)

Sensor Features

e Range of measurement from 0 to 239 cb (kPa)
e Fully solid-state
e Not affected by freezing temperatures
e Internally compensated for commonly found salinity levels

e NO maintenance required

Sensor programming for soil moisture measurements data for the deployment.

Sensor setup and frequency calculation.
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"include/watermark.h"

void watermark_setup()

{
pinMode(watermarkPin, INPUT);

}

float [calculate_freg()
{

float frequency, Htime, Ltime, Ttime = 0;
(int i =0; i<100; i++)

delay(5);

Htime = pulseIn(watermarkPin, HIGH);
delay(5);

Ltime = pulseIn(watermarkPin, LOW);
delay(5);

Ttime += Htime + Ltime;

Ttime /= 100.0;
frequency = )
frequency /= (1000

.0 / Ttime);

freguency;

Inside calculate freq() function we use a loop of 100 iterations to take samples of the sensor’s
transmitted signal. Inside the loop and with the help of pulseln() function, we find the duration of
High (picks) and Low pulses of the signal in order to find out how often the sensor changes
because of the soil moisture in the ground. After the end of iterations we have the total time

(Ttime) of the samples and with a division we take the average time and convert it to frequency.

Mark ' Space Individual Pulses
+A —> - e J \

-

Amplitude
e B
—
—
—1
&

| T 2T 3T tme
One Period
-

Transmitted signal
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Read frequency and return values between 0 - 200 in centibars

float read_soil_moisture ()

{
float freq = calculate_fred();

(freq < 0

(freq
(13.0 + ((freg — 0.595) % ((25.0 - 13.0 5)00);
(freq < 0.

(1.0 + ((freq — 9.786) * ((13.0 - 1.0)/(8.595 - 0.786))));

The read soil moisture() function uses the previous function calculate freq() to take a
frequency value as an input and separates 9 cases to extract the values of the results from 0 to
200 in centibars(measuring unit for pressure needed to extract the water from the

ground),according to the soil moisture measured by the sensor. The calculation of the return
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(%, = x)ys - -

Py ™ - 1
values is coming from a Linear Interpolation Equation (x; = x ) . To

interpolate the y, value: x,, X5, ¥, and y, need to be entered/copied from the table. x, defines the
point to perform the interpolation. y, is the interpolated value and solution.
To explain the meaning of these interpolated values we use the following readings as a general
guideline from the sensor’s tutorial [16]:

e (-10 Centibars = Saturated soil

e 10-30 Centibars = Soil is adequately wet (except coarse sands, which are beginning to

lose water)
e 30-60 Centibars = Usual range for irrigation (most soils)
e 60-100 Centibars = Usual range for irrigation in heavy clay

e [00-200 Centibars = Soil is becoming dangerously dry for maximum production. Proceed

with caution!

Guideline for centibars
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3.4.2. Soil Temperature (dallas temperature)

The DSI18B20[17] digital thermometer provides 9-bit to 12-bit Celsius temperature
measurements and has an alarm function with nonvolatile user-programmable upper and lower
trigger points. The DS18B20 communicates over a 1-Wire bus that by definition requires only
one data line (and ground) for communication with a central microprocessor. In addition, the
DS18B20 can derive power directly from the data line (“parasite power™), eliminating the need
for an external power supply.

Each DS18B20 has a unique 64-bit serial code, which allows multiple DS18B20s to function on
the same 1-Wire bus. Thus, it is simple to use one microprocessor to control many DS18B20s
distributed over a large area. Applications that can benefit from this feature include HVAC
environmental controls, temperature monitoring systems inside buildings, equipment, or

machinery, and process monitoring and control systems.

Dallas Temperature Sensor
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Program code for taking soil temperature in Celsius and Fahrenheit.

<OneWire.h>
<DallasTemperature.h>
DATA_PIN 3
SENSOR_RESOLUTION 9
SENSOR_INDEX 0
OneWire oneWire(DATA_PIN);
DallasTemperature sensors(&oneWire);

DeviceAddress sensorDeviceAddress;

void setup() {
Serial.begin(9600);

sensors.begin();
sensors.getAddress(sensorDeviceAddress, 0);
sensors.setResolution(sensorDeviceAddress, SENSOR_RESOLUTION);

void loop() {
sensors. requestTemperatures();

float temperatureInCelsius = sensors.getTempCByIndex(SENSOR_INDEX) ;
float temperatureInFahrenheit = sensors.getTempFByIndex(SENSOR_INDEX);

Serial.print("Temperature: ");
Serial.print(temperatureInCelsius, 4);
Serial.print(" Celsius, ");
Serial.print(temperatureInFahrenheit, 4);
Serial.println(" Fahrenheit");

3.5. [External Weather Sensors for WSN
3.5.1. Air Temperature & Air Humidity
The humidity and temperature sensors (SHT21) [18] integrate sensor elements plus signal

processing on a tiny footprint and provide a fully calibrated digital output. A unique capacitive
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sensor element is used for measuring relative humidity, while temperature is measured by a

band-gap

sensor. Its CMOSens® technology guarantees excellent reliability and long-term stability. The
humidity sensors are seamlessly coupled to a 14-bit-analog-to-digital converter and a serial
interface circuit. This results in superior signal quality, a fast response time, and insensitivity to

external disturbances .

Humidity and Temperature
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Code for initialize sensor and read temperature and humidity.

"include/sht21.h"

void sht21_setup()
{
Wire.begin();

}

float read_humidity()

{

power_twi_enable();

Wire.begin();
SHT2x.GetHumidity();

}

float read_temp ()
{

SHT2x.GetTemperature();

3.5.2. Wind Speed & Direction

The 05103 Wind Monitor [19] is a lightweight, high-performance wind-speed and wind-direction
sensor, a sturdy instrument for measuring wind speed and direction in harsh environments. Its

simplicity and corrosion-resistant construction make it ideal for a wide range of wind measuring

applications.

Wind sensor
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3.6. NITOS IoT Gateway
As mentioned above, all type of data are collected at the wireless sensor nodes,in our case
ICARUS IoT nodes, compressed and transmitted to the gateway directly or, if required, uses
other wireless sensor nodes to forward data to the gateway. In this paragraph there is a
description of the NITOS gateway that used in the thesis.

This gateway developed on top of BeagleBone(a low-power open-source single-board computer

) platform, through it, we can retrieve measurements from the WSNs as well as to configure
parameters of each node.Actually it acts as a Web Server, implementing an interface between the

user and the distributed sensors network.

d y ! -
Low Power J BeagleBone
Microcontroller Board
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NITOS IoT Gateway Architecture

s33iiiness .

4. Topology Tool
The NITOS WSN Topology Tool is a monitoring tool designed to report and display the network
topology of an existing WSN. The tool acquires the LQI Table (Link Quality Indicator) and the
Routing Table of each node. The acquisition is accomplished by sending ZigBee Device Objects

(ZDOs) through the XBee wireless interface of a dedicated Arduino- based device.
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4.1.  Existing WSN Topology
The tool was implemented based on the characteristics of the deployed NITOS Indoor WSN
testbed. The NITOS Indoor WSN consists of several WSN motes and a WSN Gateway based on
the Arduino platform. The gateway node is connected through an Ethernet network to the NITOS
Server. Each NITOS WSN mote is equipped with a microcontroller, several sensors and an XBee
wireless interface. The wireless interface is configured to operate in AT Command mode. In
order to acquire the topology information of the WSN we must use two types of ZDOs (0x0031

& 0x0032), and to be able to send the ZDOs we need an XBee in API mode.

» -

R
“od .
- 2
’— % A
u :

d 7 NITOS node 1\._ & §
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o . 2

NITOS node

~
Internet ’
NITOS Server NITOS Gateway 3
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5. Precision Agriculture (PA)
Precision agriculture [20] (PA) or satellite farming or site specific crop management
(SSCM) is a farming management concept based on observing, measuring and responding to
inter and intra-field variability in crops. The goal of precision agriculture research is to define a

decision support system (DSS) for whole farm management with the goal of optimizing returns

on inputs while preserving resources.
PA focusing on:
e Efficient use of natural and manmade resources.
e Increase in production while reducing costs.
e “Looking for re-interpretation of the farming practices through use of data-centric
technologies”.
The deployment of thesis agrometeorological platform focused on two areas:
1. Irrigation

2. Pest management

6. Irrigation Monitoring
Saving water is always important.There is no one-size-fits-all in agriculture, so there should not
be a one-size-fits-all solution. This irrigation control system is easily configurable to meet the

farmer’s needs. Create an optimized water budget with irrigation schedule. Effortlessly create an
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optimized schedule through the use of soil sensors and other essential hardware components that
pointed out in previous chapters. Soil Sensors measure the field’s water inputs and outputs:
e Inputs
o Precipitation - The definition of precipitation is any form of water - liquid or solid
- falling from the sky. It includes rain, sleet, snow, hail and drizzle plus a few less
common occurrences such as ice pellets, diamond dust and freezing rain
o Past irrigation
e Outputs
o Evapotranspiration - the process by which water is transferred from the land to the
atmosphere by evaporation from the soil and other surfaces and by transpiration
from plants
o Infiltration
o Runoff - the draining away of water (or substances carried in it) from the surface
of an area of land

WSN with soil moisture sensor communicates through 802.15.4 protocol with gateway

SLIGHT WATER STRESS

SOIL WATER CONTENT
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7. Irrigation Processing

In the framework of this postgraduate thesis we extend an existing backend service to
communicate through MQTT protocol with NITOS Gateway. MQTT is a machine-to-machine
(M2M)/"Internet of Things" connectivity protocol, designed as an extremely lightweight
publish/subscribe messaging transport. It is useful for connections with remote locations where a
small code footprint is required and/or network bandwidth is at a premium. After the data
retrieval data analysis was used to calculate the amount of irrigation required. In a more abstract
way the equation is like this:

Irrigation Quantity = Water Outputs — Inputs = A6

For establishing connection between backend with GW(http://10.64.92.26) these commands

were used.

e js 2 Js " ; aggregator.js

var mqtt = require(‘'mqtt')
var client = mqtt.connect('http://10.64.92.26');

var sensor_hash = [];
var sensor_array - [1;

client.on('connect’, function() {
client.subscribe("beaglebone/control/#");
console.log("Beaglebone IoT Gateway connected");

};

client.on('close', function() {
console. log("Beaglebone IoT Gateway disconnected");

});

Institutional Repository - Library & Information Centre - University of Thessaly
18/05/2024 07:35:26 EEST - 3.138.32.9


http://10.64.92.26'

36
MavemoTipio
Otooalidg

7.1. Estimate Evapotranspiration

Evapotranspiration [21] is the sum of evaporation and plant transpiration from the Earth's land

and ocean surface to the atmosphere. Evaporation accounts for the movement of water to the air
from sources such as the soil, canopy interception, and waterbodies. Transpiration accounts for
the movement of water within a plant and the subsequent loss of water as vapor through stomata
in its leaves. Evapotranspiration is an important part of the water cvcle. When all measurements
from the WSN gather together in GW and send to the backend service in the cloud, must go
through a new process, the process of evapotranspiration function. This process is important for
irrigation suggestions to the farmers and crop irrigation. Adequate water supply is an essence for
agriculture and the crops can be damaged in either of situation of excess of water supply or in
shortage of water supply. For the thesis integration we asked for the help of an agronomist to

create an evapotranspiration estimation method and we translated this into a program code.
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e3atmisodiapnol.js

calculate_u2 = function(){
var z = 2 uz = wind_speed;
uz+Math.pow(2/z, 0.2);

calculate_G = function(){
var Ti = Tmean_today, Til - Tmean_yesterday;
0. (Ti - Ti1);

calculate_Rso function(){
Ra = calculate_Ra();
2+Math.pow(10,-5)+z)+Ra;

calculate_Rnl = function(){
var T = Tmean_today;
var Rs = calculate_Rs(), Rso = calculate_Rso(), ea = calculate_ea();
var s = 4 Math.pow( 9), Tk =T 3;
s + Math.pow(Tk, 4)*( 4+Math.pow(ea,.5))+(1.35+Rs/Rs0-¢

calculate N function(){
var ws - calculate_ws();
(24 /Math.PI)+ws;

calculate_ws = function(){

var )

var d = calculate_d();
Math.acos(-Math.tan(f)+«Math.tan(d));

calculate_d = function(){
var J = calculate_J();
0.4093+Math.sin(2+Math.PI+]/365-1.39);

calculate_] = function(){
var now Date();
var start Date(now.getFullYear(), ©
var diff - now - start;
var oneDay ) 60 * 24;
var day - Math.floor(diff / oneDay);
day;

calculate_dr = function(){
var J = calculate_J();
1+6 Math.cos(2+«Math.PI+]

calculate_Ra = function(){
var GSc = ¢ , dr = calculate_dr(), ws = calculate_ws(),d = calculate_d();
var T
GSc+dr+(ws+Math.sin(f)+Math.sin(d) + Math.cos(f)+Math.cos(d)+Math.sin(ws))/Math.PI;

calculate_Rs = function(){

var n - total_n;

var a b = 8.

var N = calculate_N(), Ra = calculate_Ra();
(a+b+n/N)+Ra;
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calculate_Rns = function(){
var Rs = calculate_Rs();
B.77+Rs;

calculate_Rn = function(){
var Rns = calculate_Rns(), Rnl = calculate_Rnl();
Rns - Rnl;

calculate_g = function(){
var P = calculate P();
0.665+Math.pow(10,-3)+P;

calculate_P = function() {
003
JuMath.pow(((

calculate_D = function(){
var T = Tmean_today;
lculate_ea();
4099+(ea) /Math.pow((T

calculate_ed = function(){
var ea - calculate_ea();
(ea+RHmean) ;

calculate_ea = function(){
var T = Tmean_today;
0.611 * Math.exp((17.2+T)/(T

calculate_ETr = function(){
var T = Tmean_today;
var D = calculate_D(), Rn = calculate_Rn(), G = calculate_G();
var g = calculate_g(), u2 = calculate_u2(), ea =calculate_ea();
var ed = calculate_ed();
(0.408+D+(Rn-G) +g+(9 ))+u2+(ea - ed))/(Dig+(1+0.34+u2));

calculate_ETc = function(){
var ETr = calculate_ETr();
var Kc 0. .

Kc+ETr;

~ calculate_mean = function(results){
sum = @;
results. forEach(function(element){
sum element.data;
});
parseFloat((sum/results.length).toFixed(2));
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function(){

var async require('async');

var Sensor = require('../../models/sensor');

var sensors_id = {
temperature:
wind_speed:
humidity:
luminosity:

var calculate

"'58909eef611171184757ddc4",
"'5890a800611171184757ddde",
"58909f7c611f71184757ddcB",
"5890a@4b611171184757ddcc"
h
async.parallel({
temperature_yesterday: function(callback) {
Sensor.findById(sensors_id.temperature).exec()
.then(function(s H
sensor.getDayData(-1);
B
.then(function ts){
callback(null,events);

}l
Sensor. f

«then(fu

then(functio
callback(nul
1;

},

wind_speed: function(callbac {

d(sensors_id.wind_speed).exec()
M

Sensor.findBy
.then(function
sensor.getDayData(@);

ts){
ull,events);

humidity: function(cal ¢) {
Sensor. findById(sensors_id.humidity).exec()
.then(function(se -
sensor.getDayData(@);

}J

luminosity: function(c ¢
Sensor. findById(sensors_:
.then(function(sensor){

sensor.getDayData(@);
}H
«then(funct
callback(n

1
}
function(err,
(err)

lts) {

consoLe

Tmean_yesterday
Tmean_today
RHmean
wind_speed
total_n

log(err);

calculate_mean{results.temperature_today);
calculate_mean(results.temperature_today);
calculate_mean(results.humidity);
calculate_mean(results.wind_speed);
calculate_ (results. luminosity);

console.log(calculate_ETc());

module.exports.calculate

calculate;
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8. Visualization of measurements coming from WSN

.

R

Web GUI
In order to better serve the needs of a farmer, web and mobile interfaces were created for data
visualization in this master thesis. Through these interfaces, the farmer can log in by register
remotely from his computer or his mobile phone and then import his crops individually with
their respective elements. Having completed this process he is now able to see his crops and by
clicking on a crop to display information and notifications regarding growth, fertilization and
possible pests for the selected type of crop. In addition, it can remotely monitor the state of its
field through the sensors. In this implementation, the sensors that have been used , as described
above, monitor air temperature, air humidity, wind speed and direction,as well as soil humidity,

soil temperature and evapotranspiration.

For the software implementation of data visualization we used an implemented service as a
backend service for the frontend applications. This service uses a rest api for sending data to the
clients.

The Rest API documentation for the http requests is:

IP: http://194.177.207.12:8080/api
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Login/Authorization/Authentication /api

User Profile /profile
Cultivations /cultivations
Warnings /warnings
Forecast /forecast
Categories /categories
Irrigations /irrigation

Every route supports all methods POST,DELETE.GET,PUT.

8.1.  Web Application
The programming languages used for the web implementation is Angular2JS for the functional
part, Typescript for the descriptional part, HTMLS5 for the views and CSS - Bootstrap for the
graphic part. The first image the user sees with the application opening is a menu with 6
options-tabs “Home”, “Forecast”, “Login”, “Cultivations”, “Warnings” , “Profile”. Below we

will analyze the functions of each tab one by one.
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Home tab view

Agro loT

o o e e D |

Agronomist Using a Tablet in an Agriculture Field

For the first time user has to enter an email and a password and a registration query is executed
in the route /auth/register with parameters username and password. After success registration a
login http post request is called with authentication through unique authentication token. The

json reply from the server looks like : {message: “'User successfully created!' token:
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*JWT eyJhbGeiOiJIUzIINilsInR ..." username : 'ellie’ , password: “1234" } . The authentication

token is necessary because is included as http header in all http requests inside the app like this:

HTTP REQUEST HEADER : Authorization: “JWT nR5¢Cl6lkp ...” , for security reasons. This
token differentiates from user to user and is stored to local storage after the user’s login in order

to retrieve it every time the user opens the application without re-login.

login(data) {
ar headers = n
headers.appendl

ir username = data.credentials.username;
ir password data.credentials.password;
creds = "username=" + username + "f d=" + password;
ole.log(creds);
s creds, {headers:headers})

Lle. log(res);
body = res.json();
log(body) ;
/. response){
t user = res,json();
f (user && user.token) {

localStorage.setItem('currentUser JSON. stringify(user));

logout() {
localStorage. removeltem(" us
._router.navigate(['login
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Login tab view.

Agro loT
Apea)  Ewoywyli  Kapdq  KoAlépyea  Mpoeonoviomg/Zupfouris  Mpogih Xprom
Login Form
& | EnterEm

£ Sign In with Facebook

G Sign In with Google

Sign In with Microsoft Account

From this screen is obvious that user has an option of social login, also known as social sign-in.

This is a form of single sign-on using existing information from a social networking service such

as Facebook, Microsoft or Googlet, to sign into a third party website instead of creating a new
login account specifically for that website. It is designed to simplify logins for end users as well
as provide more and more reliable demographic information to web developers. Social Login is a
simple process, with the following steps.

1. The user enters the application and selects the desired social network provider.

2. A login request is send to the social network provider.

3. Once the social network provider confirms the user’s identity, a current user will get
access to the application. A new user will be registered as a new user and then logged

into the application.
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The code for authentication with Facebook provider.

userService.js X
angular.module(’'starter.semn
.service('UserService’
setUser = funct (user_data) {
window. localStorage.starter_facebook_user = JSON.stringify(user_data);

};

r getUser = function(){

return JSON.parse(window. localStorage.starter_facebook_user ||
|

return {
getUser: getUser,
setUser: setUser

In */field’ tab the user has to insert his cultivations with their characteristics.There is a drop down
menu with cultivation types so the user just have to choose one option and depending from the
selection appears other drop down menus with growth stage, cultivation soil, irrigation system

and maintenance quality for this type.
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Cultivation tab views.

1) AgroNews and infe x
L C | @ localhost 30000 & a6+ B}
Agro loT
Apywny  Eoovuy)  Kopsc  Koldpyea  MpoaforosomcZupoults  Mpogih Xpaom Saarch [ Search .

Hyepopnvia Eyypogs (Full Date) 8 dd/mmiyyyy

Eifiog KaAMepyeag * H

Irdlo avanrubng KoAlépyeas *
Hyepopnvia Enopds (Full Date) B da/mmiyyyy
Timeg ESGgous o ¥
Tisnog Tuoripares Apbevons o :

Mo Tvvmipnong &)

Find your field - Google Maps Places Autocomplete

search for locatnn

Soreen

Mas iy i1aa
m
. on Mzgraps
= e e i TSI
(. one
€ C O bcahosta0oo e ' o6 o u B
Agro loT
Apquy  Ewooyeyd  Kepoc Kadlégyoo — MpooBonsfoncTuufoudds  Npodl Xpdom Saarct ] Search .
Hpepopnvia Eyyoadrs (Full Date) B9 12/10/2017
toc Kabutoveos AT S|
AvcsElorien Tivdpy r
| Meyepwd Trnap
Moixikia Kahhtayeog t BajiBs i
Apmiha
Erafo avdnulng Kakutpyoog &  Nrogphreg 1
© Mapodh
Hpepopnvia Enopac (Full Date) B zapedrenia
Mavies
Tamog ESGpous o Dasdha 4
Tdva
- KpxBapy [
Tinog g T L i
Mowérra Zuvmipneng Li]
Find your field - Google Maps Places Autocomplete
ssarch for kocation
S
Mowpivi7oa
m
T (= ] Flapraga 1w
- P o . — K:Ulm:
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) AgroNews and into "
& | locaihost 300010 sa0 e @

Agro loT

Huepopnvia Eyypagde (Full Date) B 1210207
Eifog Kakhipyaag *  Dootha
Nowihia Kakhitpyaag 1
o e N on toos

Enrrruén OgBaiuou

Hucpounvia Znopdc (FulDatel B poost

| Mapnogopia
Timog Ebapou 0| Aaoyos }
Toroc Evoriparog Apdeuanc o

Mowtra Tuvienens &

Find your field - Google Maps Places Autocomplete

smanch for bcatian

Syrded

e 11T
m
Kaapor [ex:] Meprapud Higvdpop
— - =5 Kevtoo Tink
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D Agrotiews and Inko *

o & | @ localhost: 2000 fiela & 604 B

Agro loT

Appdy  Bwoyoyy  Kmpdc  Kolsfpyoa  NposSonovioncEopfouddc  Mpoddh Xprom Soarch. [ Smmh.

Hucpopnvia Eyypadnc (Full Date) 12110/207

Huepopnvia Enopac (Full Date) A oe/p4f27

Tinog Ebdpous O 7 AupdBes i

Toneg Zvoriyarog Apbeuong [} DTTITAGS H

Minhuibes |Apphubes

Find your field - Google Maps Places Autocomplete

search for location

Dutied

Mosprviton
Kaxenfiee m Neprapa Xigvobpoy
- - —_— Kevioa fink
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1) Agrodiews and Info x
€ C @ localhost- 3000 fle eaa v BO
Agro loT
Apgwri  Ewovwl Koiplc Kadufpyea  Mpocolonovonc/Zupfioudtc  Mpodlh Madom Soarch [Smrm .

Hycpopnvia Eyypadc (Full Date) 8 12n020m7

Eidoc Kaluépyaac % Daotha

Nowahia Kahhtpyoac * 1

Huepopnvia Enopd (Full Date) £ 08/04s2017

Timog E54 O (ki \pryhal

Timog Evoriparos ApScuong 0 Edybinv

Nawdtra Euvvidprons & Bharrwparnsd £ Endwo

Find your field - Google Maps Places Autocomplete

saarch for location

Mowprviton

mm
Kamnafior L Mapropia Xiovobpoy
L] - — Kivioo Mok

Another useful information for the cultivation is the position or the coordinates of the field. For
bigger convenience there is an autocomplete search field so it is not necessary for the user to
manually enter the coordinates or the area. After area selection there is google map with a pin in

field’s location.
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@e6ae @

Epopri  Kapd Koldpyen  Mposbonoeiong TupPoulds Mpodglh Xoromm Search Ism.

Hyepopnvia Eyypadds (Full Date) m 2hoznT

Eitiog Kalhépyoiog ®  Poodha :

Mowihio Kadhdpyoag * 1  §

Hucpounvia Inopas (Full Date) =2 ope/marzmT

Timec o n Ak H
Tonog Evorfuarog Apbcuang 0 Ivdybnv H
Mowmmra Luvmenons ¢ | Exgrrwpared / Endvia $

Find your field - Google Maps Places Autocomplete

¥ Trikalon Necaiis, Eniots

.

€ | localost:3000Tiela @ 0o @8

Mol Kakipyeiag CHE $

Mypepopnvia Enopéc (Full Date) @ 084207

Timog L R

Tineg Zvotiuaros Apbevong 0 Erdyboy

Nosdtnra Zuvmipnong O Bharmupanc / Endvia

Find your field - Google Maps Places Autocomplete

Trikadon, Kokapmdxa, EAMGBG

A s
um
Metépa Gy A .
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g 1 Ingdudic
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m
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After the submit button being pressed an import query is sent to backend with a cultivation
object in json format. An http post request with a token as authorization header and a json body
with the cultivation is send to the server to be inserted into the database and assigned to the user

with this authentication token . The declaration of a cultivation object looks like this:

@Injectable()

export class MyCultivation {

cultivation: any ;

cultivation = {
registrationDate: <Date> null,
selectedCultivation: <string> null,
selectedCultivar: <string> null,
selectedStage: <string> null,
sowDate: <Date> null,
selectedSoilType: <string>
selectedIrrigation: <string>
selectedQuality: <string> nu
latitude: <string> nul
longitude: <string> null

If the response succeeds the following screen appears with the information of the imported crop

or Crops.
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This web applications gives the farmer the ability to be informed about the prevailing weather
conditions in his field through graph charts. This is feasible using an open weather rest api

interface (http://api.openweathermap.org/data/2.5/forecast)[22] that returning the weather

conditions for specific coordinates. To achieve this we make an http get request to this address

“http://api.openweathermap.org/data/2.5/forecast™ with coordinates as parameters, latitude and

the final request turns into this:

http.get(“http://api.openweathermap.org/data/2.5/forecast?lat={lat} &lon={lon}") where {lat} is

the cultivation’s latitude and {lon} the cultivation’s longitude from the field’s form.
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t params = new URL

}

getCoord() {
units

is.http.get( http://ip-api.com/json’

t .lat = data.lat;
is.lon = data.lon;
arams = "units=" + units + "Sappid=" + appid + "&lat="

}

weatherForecast(){

st', { search: this.params } ).map(({res:Response)

weatherForecast from Serice
log(res.json());
1 res. json();

The response from the weatherForecast() function is a json format with 5 days weather forecast
and each day includes weather data every 3 hours. This json response consists of an array of 40
elements, 5 different days start from current day and end 4 days after.and for each day has 8

different weather data.
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"cod": "200",
"message': ¢
"cnt": 40
tlist>s
{
tats
"main": {
“temp": 19
"temp_min"
"temp_max"
"pressure"
"sea_level'
"grnd_leve
"humidity":
“temp_kf": -
Fy
“weather": [
{
oh ot
"main": "Clear",
"description": "clear sky",
"icon": "@1n"

}

]!
“"clouds": {

"wind": {
"speed"
Ildegll:

¥,

flsysll: {
Ilpodll: Klnll

k)

"dt_txt": "2017-10-12 18:00:00"

el & gt
“main":
“temp": 1
"temp_min
"temp_max":
"pressure":
"sea_level":
"grnd_level”: 1
"humidity": 94
“temp_kf": -
h
"weather": [
{
i s
"main": "Clear",
"description": "clear sky"

After receiving this reply, frontend processes the list and represents the data in charts.
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Except from the weather forecast, farmer wants to see the data measurements from his field. For
this reason a remote portal has developed for monitoring all system data and decisions. After the
data collection from GW and the process through the backend service is time to display the
results to the user. This knowledge is important for irrigation scheduling recommendations and

actions.
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All data measurements from the WSN are available for monitoring through this view.

N\

'}
¥

mﬂn

Part of this master thesis is not only collecting and displaying data from the wireless sensor

network but also providing farmers with warnings, updates and information to avoid possible
contamination or pest in its cultivation as well as saving resources and money through useful
advice.A lot of official and unofficial, but very accurate, information is scattered across the
Internet, thus left unexploited.

e Ministry of Rural Development & Food reports.

e Airport weather stations.

e Agriculture and weather forecast blogs.
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Through web crawling and pattern matching the backend service with the help of an agronomist
collects useful information which is incorporated in the data analysis process, resulting in more

accurate and localized suggestions and warnings for the end user.

NITOS

Trusted Online Sources Database

In this management and visualization platform the user can be up to date with the latest news and
early warnings related to his crops. There is a tab where user can see all his crops ,with a simple

http get request in http://194.177.207.12:3000/warnings/categories and a hash table with a

categoryld as key and a cultivation as value is returned. All cultivations belonging to a user has a
unique identifier id,called categoryld, an http get request with categoryld as query is used to
retrieve warnings from the service.An example of this get request is:

http.get(*http://194.177.207.12:3000/warnings/categories?categoryld=5918220a5¢948d 14d65¢c88

24’) and the code for these requests is below.
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ngOnInit(): void {
console. log('OnIn
this.getCategories();

imageWidth: number =
showImage: boolean = t
public data : Object;

toggleImage(): void {
this.showImage = !this.showImage;

» _WarningsService: WarningsService,
= http: Http

getCategories(){
et url = "h

eturn this.http.get(url)
.map((res:Response) => res.json())
.subscribe(
data =>{
this.data = data; console.log(data);

After getCategories() function the view looks like this:
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) Agrotews and info x
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Topdra (Beppoknmiou)

On button click on one of the type cultivations a new get request is called to retrieve the
appropriate warnings for the chosen cultivation. The getData() function takes the categoryld

from the chosen cultivation and uses it from the next get request.
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@Component ({
moduleld: mo
selector: 'cat
templateUrl:

WarningldC nt implements OnInity]

public data : t
imageWidth: number = 180;
categoryid: string;

r(
e _WarningsService: WarningsSe e,
= _infectionIdService: InfectionId

ngOnInit() {
e. log("
.getData();

getData(){
5.categoryid = this.route.snapshot.params['id'];
1 categoryid);
' + this.categoryid.toString();

his.http.get(url)
.map((res:Response) => res.json())
.subscribe(data => { this.data = data; c s.data); });
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List of possible plant diseases and pests.

W o T e R —

& 2 (D beabost:3000/warnings jcategaries/ Auuialn éenryae B
Agro loT

Amoey  Boowey)  Kapd  Koluipyen — Mpombonovioeg/ZTinfloudds  Mpoddd Xpdom Saurch lsml

©upogn (Ph psi ygdali, Fusicocoum amygdali)

Movika (Menilinia laxa) -

Kaopuvie [Coryneum beijerinckii)

Nohuatlypuwon (Polystigma ochraceum) -

On click in one of the list items a small paragraph with conditions,warnings and suggestions

appears.
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getImage{url : string){

headers
. Log( ' The

s.http.get{url
«map({res:f e)

getCategoryDatal() {

)

63

> {res.json();});

route.snapshot.params['id'];

-http.get(url)

~map(({res:f
+subscribe(
data =>{

anse)

+weather =

is.imglrl =

pdfurl
=. log(

.getImage(tt

;. categoryId) ;
+ s, categoryld;

- res.json())

data; .log(data); this.icon = this.weather[@]

M his.icon;
+ data. link;
3 + t

] dmgUirl);
LAmglrl);
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In the description there is a link for redirection to a pdf file with more details.
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8.2. Mobile application
The same implemented backend service with small changes in previous Rest API has been used
for the communication with the mobile application. The frontend application developed in my
postgraduate work supports 2 types of platforms, ANDROID and i0S, so it’s a hybrid

application. A hybrid application (hybrid app) [23] is one that combines elements of both native

and Web applications. Native applications are developed for a specific platform and installed on

a computing device. Web applications are generalized for multiple platforms and not installed
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locally but made available over the Internet through a browser. Hybrid apps are often mentioned
in the context of mobile computing.
The framework that has been used in this deployment is called lonic [24] and is a complete

open-source SDK for hybrid mobile app development. The original version was released in 2013

and built on top of Angular]S and Apache Cordova. The more recent releases, known as lonic 2
or simply "lonic", are built on Angular. lonic provides tools and services for developing hybrid
mobile apps using Web technologies like CSS, HTMLS, and Sass.

The experience that the user acquires in this application is the same as the previous one. Below

there will be some snapshots with corresponding descriptions where is needed.

s Android

Agro loT Agro loT

Username Lisername

Password Password

f Login with Facebook Login with Facebook

Login with Google+ Login with Google+
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The login process needs username and password for register.authentication and then login. On
Login button press 3 steps follows:

1. Register http post to “http://194.177.207.12:3000/auth/register” with json body the user’s

credentials, {username: {username},password: {password}}.

2. Login http post to “http://194.177.207.12:3000/api/login™ with the same json body.

3. After the last server’s response the app stores the authentication token to the local
storage.
The json response after success registration and login is:
{message:'User successfully created!', token: ‘JWT eyJhbGciOiJIUzIINilsInR ..." user: {

username: 'ellie’, password: “123°}}

. factory('RegisterService', function($http,server) {

register: function(user) {

var url = server + '/auth/register’

var register_user - {
method: 'POST',
url: url,
headers: {
'Content-Type': 'application/json'
8
data: user
}
console.log('Register Service');
console.log(register_user);
$shttp(register_user);
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. factory('loginService', function($http,serve

login: function(credentials,token) {

var url = server + '/api/login'

var req_login = {
method: 'POST',
url: url,

headers: {
'Content-Type': 'application/json’

h
data: JSON.stringify(credentials)

}

console.log(reg_login);
$http(req_login);
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Login response handling code

$scope.loginFunc = function(){

$ionicPush.register().then(function(t) {
$ionicPush.saveToken(t);
}).then( function(t) {
console.log('Token saved:', t.token);

$scope.credentials.pushNotificationToken = t.token;

var valid - $scope.validate();
(valid) {
var login = loginService.login($scope.credentials, $scope.token);
$scope.text_error = ""

login. then(
function(p

$ionicHistory.ne ewOptions({
disableBack :
historyRoot:
I3 H
$scope.hide($ionicLoading);
$scope.response - payload.data;
console.log('Response after post json data:' , $scope.response);
$window. localStorage['token'] angular.tolson($scope. response.token);
$window. localStorage['role'] = angular.toJson($scope.response.user.role);

$state.go('home');
}J

function(e
$scope.hide($ioniclLoading);

((errorPayload.data ur ) (errorPayload.data
console.log(errorPayload.data);
var error - errorPayload.data.error;
{
(errorPayload.status {
$scope.text_error = "0y , kdti nfiye otpaBd!"
(errorPayload. status 401){
$scope.text_error = "Ta otoixela nov ervodyate Gev eivar owotd!"

}
var alertPopup - $ionicPopup.confirm({
title: "Mpoooyxf!",
template: 'Ta otoiyeia nov eirodyate 6ev ef{val owotd! Miéote 0K yia npoondBera Eavd.'

b
};
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In case user forgets his password there is a get http request in */auth/reset-password/:token’

where “token” is the authentication token as a parameter to the request.

After login user needs to insert his areas with cultivations. For the selection there are popup
menus. Each item of the below view (Region, Module, Municipality, Unit, Community) displays
a menu when pressed. The user, starting from top to bottom, selects the circumference first from
the options menu that appears to him, then the Regional Section, and so on, until he reaches

Municipal Community, thus completing the process. All five divisions (Region, Module,
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Municipality, Unit, Community) are identified with a unique divisionld. Every time a menu is
displayed after press, a get http request is executing to fill up the menu. For this request the route
is ““/areas/:division” where division takes one of these values: regions, regional units,
municipalities, municapal units, municipal communities according to the selection. For a
success request one more parameter is required as a query to the call, the divisionld. The service

for the get request is GetAreaService.

.factory('GetAreaService', function($http,server) {

{

getArea: function(areald,division) {

var url = server '/areas/' division

var req_get_reg_unit
method: 'GET',
url: url,
params: {id:areald}

}

console.log(req_get_reg_unit);
$http(req_get_reg_unit);

Below are the functions which fill up the drop down menus.
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$scope.updateRegion = function(option) {

$window. localStorage['region'] angular.tolson(option);
console.log{option);
var areald option;
var division 'regional_units';
var req_get_reg_unit - GetAreaService.getArea(areald,division);
req_get_reg_unit.then(
function(payload) {

$scope.regional_units - payload.data;
console.log('Response after select perifereia:' , $scope.regional_units);
}J

functionlerrorPayload) {

console. log(errorPayload.data);

$ionicPopup.alert({
title: 'Kéti mfye otpapfd’,
template: 'Miéote 0K yia npoondBera Eava!',
cssClass: 'codeAlert'

H

s

}

$scope.updateReglnit function(option) {

$window. localStorage['regional_unit'] angular.toJson(option);
var areald option;

var division 'municipalities’';

var req_get_reg_unit GetAreaService.getArea(areald,division);
req_get_reg_unit, then(

function(payload) {

$scope.municipalities payload.data;
console.log('Response after select perifereiaki enothta:' , $scope.municipalitig
},

function(errorPayload) {

console.log(errorPayload.data);
$ionicPopup.alert({
title: 'Katu miye otpaBd’,
template: 'Meéote OK yia mpoondBera Eavd!',
cssClass: 'codeAlert'

}
$scope.updateMun = function(option) {

$window. localStorage[ 'municipality'] angular.tolson(option);
var areald option;

var division 'municipal_units';

var req_get_reg_unit - GetAreaService.getArea(areald,division);
req_get_reg_unit.then(

function(payload) {

angular.forEach( payload.data, function(value, key) {
console. log(value.name.capital);
value.name.capital = (value.name.capital.split('ENOTHTA')[1]);

i

$scope.municapal_units payload.data;

console.log('Response after select dhmo:' , $scope.municapal_units);
}l

function(errorPayload) {

console.log(errorPayload.data);
$ionicPopup.alert({
title: 'Kdti niye otpapd’,
template: 'Méote OK yia mpoondBera Eavd!',
cssClass: 'codeAlert’
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ENREETE nEpnyn, Eskvidvias and v EMMEETe nepioyr, Exknilvrac ano Ty
TEQIPEDEL. AEpUpEpEL.

EMIADIH NEPIOXHE ENMIANOTH NEPIOXHE

When an area has been selected the next step is to insert area’s cultivations. A cultivation is

defined from the type of cultivar, the growth stage, the type of soil and the irrigation system.

08 Android
ST m

E1A01 MHAA = EIA0E 7
KARMEFTEIAE KAMMEPT EIAE MHAA
| POAAKINA
LTOIXEIA KANVIEPTEINE ETOIXELA KAMNIERTEIAL KEPAZIA
AMMEA
EAlA

KATAXGPHIH KAAMIEPTEIAL KATAXQPHEH KAANIEPTEIAL
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m

GEFEEN  ©OYIKAMA OOOAMMAN

ﬁ DOYIKOMA ODOAAMON

. 3 nTomH nETAAN

EKMNTYZH ODSANMON

Ol EE  NPAZINH KOPYOH (D)

POZ KOPY@H

ENAPZH ANGIZHE

ANBIZH

MENMY (TTRIH NETAAGN.

View of available growth stages for the selected cultivation with zoom in option.

If the user has finished with his cultivations the app undertakes to save data as a cultivation
object with saveCultivar() function and send them with postCultivars() function through http post

request and use cultivation data as json body.
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The cultivation object has this format:

Cultivar: “MHAA”,

Area: [€127, %107, 10027, “100202", 10020202 ],
Stage: “ITPAXINH KOPY®H”,

Irrigation system: “KATAIONIZEMOZX”,

Soil: “AMMQAEZX”

o( 'STOIXEIA NEAS KALLIERGEIAS');
g($scope.cultivar );
gl$scope.kairos);

j($scope. futoprostasia);
g($scope.nero);
1($s5cope.stadio);

1($scope.ardeusi) ;
gl$scope.servicekairou - ' $scope.servicefutoprostasia ' + $scope

ion()) {

g{$rootScope. jsonData);
calStorage['cultivation]SON'] - angular.tolson($rootScope.jsonData);
var alertPopup - $ionicPopup.ale
title: 'H xoAAEpyera mpooTEBNKE EML ;L

template: 'Matrote OK yia va o
cssClass: 'codeAlert'
H;
alertPopup. then( func
(res) {
$rootScope.stadio
$scope.stadio
$rootScope. §
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ope.postCultivars on()M{

$scope.token - angular. from)son($window. localStorage['token']);
cx . log($scope. token) ;
(($scope. token ) i ($scope. token ull) ($scope. token A
$scope. show($ionicloading
var post_cultivations - PostCultivationsService.p rs($scope.data, $scope.token);
post_cultivations.then(

$scope. hide($ionicloading);
$scope. response - payload.data;

Swindow. localStorage.clear();

$rootScope. region

$rootScope. regional_unit
$rootScope.municipality
$rootScope.municipal unit
$rootScope.minicipal community - ‘MEPIOXH®;
$rootScope. regionArray - [];

$rootScope. region_community

$rootScope. region_community_id

var alertPopup - $ionicPopup.alert
title: 'OhoxkAnpédnke To mpdro BApa g eyypagrc. ',
template: 'Natfdore 0K yua va ouvveyioete pe v mAnpuyd. *,
cssClass: 'codeAlert’

Hi

alertPopup. then( fun

$window. localStorage['token'] = angular.to
$state.go( 'pageld’');
b;

i
$scope. hide($ionicLoading);

(errorPayload. status 422) {

$scope. text_error - errorPayload.statusText;

var alertPopup - $ionicPopup.alert({

title:

template: "Kdmolo ovovyelo Bev €xer emAeye( owotd!",
cssClass: ‘codeAlert’

(errorPayload.status
alertPopup - $ionicPopup.
title: ‘Kari miye orpapd ',

cssClass: 'codeAlert’

B

(errorPayload.status
$scope. text_error - errorPayload.data.errors;
var alertPopup - $ionicPopup.alert({
title: 'Kdti miye orpafa ',
template: $scope.text_error,
cssClass: ‘codeAlert'
Hi
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Agro loT Agro loT

Ol NEPIOXEZ MOY Ol MEPIOXEE MOY

MEA MEPIOXH NEA NMEPIOXH
AIAXEIPTEH TON KAAIEPTEIGN MOY AIAXEIPIEH TON KAAAEPTEIQN MOY

AIAXEIFIZH TON ZTOIXEIRN MOY AIAXEIPTEH TN ETOIXEIGN MOY

ANOXYNAEZH (5

ATOIYNAEEH (3

- Il

After success registration the user can see the home screen with these options:
I. Receive warnings,suggestions / monitor data collection / check forecast
2. Insert new region and new cultivation
3. Manage his cultivations
4. Manage his profile account

5. Logout

In the following paragraphs we will describe the most complicated and demanding of the five
options,the first one. The others just reuse views and functions that we analysed in previous

chapters.
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8.2.1. Warnings

NEFIONEE Mo o FEPIIOET MAGTY

Flatiere navis o o kalliEpyea yia va nionynBeie ong
EmAeETe nepioyr yia ripoBolrn. unnpesies, mou £xETe Enhéel

In the view above there is a list with all user’s areas, an http get request in

“http://194.177.207.12:3000/warnings/areas™ is executed and a response with the list is returned.

Clicking in one of the areas, a list with cultivations, belong to this area, appears. The

corresponding get request for this view is “http://194.177.207.12:3000/warnings/areas/:areald™ .

To reveal warnings, user redirects after the click of one item, from the previous view, to the view
which is depicted below, with a tab menu on the bottom. In this screen the selected tab is
“warnings”. In order to display the warnings for a specific cultivation of one area another http

get request is used in “http://194.177.207.12:3000/warnings/areas/:areald/:cultivationld™.
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Often the farmer’s hard work are destroyed by pests and they suffer huge monetary losses. To
prevent such situation this app, through web crawling and pattern matching, can collect useful

information which is incorporated in the data analysis process, resulting in more accurate and
localized suggestions and warnings for the farmer, which is capable of predicting pest behavior.

This information can be used by farmers to reduce damage done by pests on a large scale.
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s &

Eha Apmekt

I

Iupnrwpara:Ta npooBefinuéva @OMAO Kol
oteAgyn kirpwifouy kal apydtepa kadendloo.
e nold cofapéc mepmrwosg 1 embepuifo Twy
KOPTIWY YIVETOL OKATIPT) KOOTAVOROKKIVI], KGI Ta
PuTd Egpalvovo

Luovaoewg:Ol Yexaopol va yivouv pbvo petd
v SiamioTwon T mpoofohfis

Duropappaxa:abamectin k.o

Angroid

Tetpavuxog
12/7/2016

Axdapea
12/8/2016

MNepovbéomopog
22(7/2016

Jdu

Andraid

Iupmwpara:Ta npooPefhnuéva  gola ko
atehéyn kirpvifowy kol apydtepn kapeTialow,
Ee nokd oofapés nepmTwoes n embeppiba Twy
wopnay YiveTon okAnpl KooTavorRdKeT), Ko Ta
Buta Eepaivovtm

Luoraceis:Or giewaopol va yivouy pdve petd
v Siamigrwan e npooBohis.

Gutodappakaabamectin k.o
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8.2.2. Monitoring

If user selects the monitoring tab,a view with data measurement indications reveals.

All sensory data associated with the soil quality are presented in this tab with a curved bar. This
function ensures accurate and timely communication of real time data or information related to
dynamic agricultural processes. Farmer’s with availability of such important real time
information in advance are able to plan their course of activities pre-hand and take
corrective/preventive measures for future contingency.

All these data are returned in a json format, from the backend service through an http get request

in the “http://194.177.207.12:3000/monitoring/areas/:areald/:cultivationld™ .
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8.2.3. Forecast
A five day forecast for temperature, humidity and wind appears in the “forecast™ tab. The api that
has been used is the same as the forecast in web application.

o

Zappato 14/10 8:00 Tpim 17/10 0:00

3 o 21 °C

. 82 . 8

-'Q: Qv -,Q: Desa o
clear sky @ ‘@ clear sky @ 5@

- I ? m

000 300 600 900 1200 1500 18:00 21:00 0:00 00 8:00 800 1200 1500 18:00 2100

00:00 21:00 00:00 21:00

Kuplakr Terdptn Kuptakr) Terdptn

8.2.4. Suggestions
All users are given information on the reference evapotranspiration, as well as indicative
evapotranspiration values for basic crops, yesterday, and an available related record. Based on a
water balance for the collected data measurements from WSN (chapter 7,paragraph 7.1), the
system gives a recommendation on when to make the next irrigation and how long it should last
to restore the soil to its water-resistance. In any case, the accuracy of the calculations is subject

to
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possible errors due to the microclimate and the specific characteristics of each crop (density,

physical state, etc.) and the soil in which it develops.

i 24

ZupPouléc

Agro loT

H eEarpwoodianvor tumsns kehhépyaiag elag
{40%-60% xalupn ebapous) rrav (on pe: 1.28mm

Enpepa ovapéverar va exel katavarwBel to 24.63% mg
ETHTPENOHEVNS Npog eEavTAnon uypasias sBagoue
[Percent p"TAW consumption) kai To 8.62% g
auvohind SlaBémung ota GuTd uypasios ebapoLg
({Percent TAW consumption).Me Bdon autd cuotrverm
va un yivel apbevarn

@ L) 1 Jdu

Zuppoudég

Agro loT

H cEarpioodianvor Tumxng kadltpyeiar EAGg
(10%-60% waAugn edadgouc) frav ion pe: 1.28mm

Ifpepa avaptveral va éxen waravahwlel To 24.63% g
ETITRETAUEWG TIpa EEGVTANON Uypaoiar e5ahous
{Parcent p"TAW consumption) xat 1o 8.62% g
ouvohikd SinBéowng ota GuTa uypacias eSadouc
(Percent TAW consumption).Me Baor auTd cuatrivero
va i yiver apbevan

A simple http get request in “http://194.177.207.12:3000/suggestions/areas/:areald/

:cultivationld” with the id of selected cultivation as parameter , from the view of cultivations , is
executed and the app handles the response which is a list with suggestions and information that

derives from irrigation processing.
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The farmer takes into account the system’s recommendations and conducts irrigation manually
by switching on the valves by himself. Afterwards he can observe the new data on the Web or on

the mobile monitoring interface.

-. =

L Manual irri gation of dry areas

9. Agriculture IoT Future (2050)
It is forecasted that the Agriculture Internet of Things in 2050 will increase the food production

by 70% and would be feeding to 9.6 billion of people globally by the year 2050.

Therese Cory, Beecham Research analyst, & Towards Smart Farming, author of a new report,

stated: “The demand for more food has to be set against the challenges of rising climate change
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and more extreme weather conditions, along with the environmental

impact resulting from intensive farming practices.”
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