ABSTRACT

The purpose of this study was to develop a system that can help farmers and garden enthusiasts to
manage their greenhouses by the use of a network of sensors connected together and controlled by
a central hub. This complies with the world vision of connecting as much devices together as
possible that has been dubbed the Internet of Things phenomenon. The system makes use of
sensors that a controlled by a central controller that sends the data to a server that streams the data
to an android application that allows the user to view minute by minute sensory values of the
greenhouse sensors. In a country like Zimbabwe were the rain patterns are changing due to global
warming it could be a great asset, since it has the ability to measure the amount of water used by
plants can help optimize the use of the resource and it will allow farmers to venture into producing
crops that are not native to the country since a ventilation system will be used to control the climate

of the greenhouse (climate control).
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Chapter 1: Introduction

1.1 Introduction

This chapter will seek to introduce the proposed system then it will go further on to describing
the background of the given study that lead the developer to propose the given system. An
articulate look with be done on the problem definition and the objectives that will be set that
will signify the successful completion of the systems development lifecycle. After this the
developer will look at the components needed for the system and the limitations and the
delimitations of the system will be discussed. A proposed budget and timeline will be set on

how to complete the project.

1.2 Background of Study

The beginning of the 21% century saw an increase in technological advancements at an alarming
rate. This made way for new schools of thought that would help shape the internet as we know
it. The concept of the Internet of the things is a buddying new idea that focuses on connecting
all devices used by humans together over the internet. Over the years the number of devices
connected to the internet has increased exponentially every year giving way to a much easier
and efficient ways of life. A good example of this movement is the introduction of smart home
appliances such as fridges, microwaves, home lights and so many more other devices, these
devices are able to link to your phone and this allows you the ability to manipulate their
functionality from one local hub. It has been projected that by the year 2020 they will be as
much as 7 trillion “Things” or devices that are connected to the internet that will be used by
individuals to make their lives better. This movement hasn’t been limited to just improving the
general life for people in their day to day living, but has been commercialized and is now being

used in industries such as commerce, the military revolution, medicine and also agriculture.

The application of the Internet of things in agriculture is by far a step in the right direction.
This will allow a more efficient and smart way of dealing with the growth of crops. The use of
sensor will greatly increase this. The introduction of greenhouses has allowed farmers to easily
manage the growth of their crops and by introducing the concept of internet of things this will
greatly automate and make this farming more efficient robust. The use of sensors will produce

large volumes of data which can be manipulated using the concept of Big Data. Where smart
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algorithms and Al systems are used to foretell future events by drawing conclusions from
patterns exhibited by the data that is collected. These predictions will help the smart farmer to
efficient gauge the amount of water, light the plants are being exposed to, temperature and
humidity conditions experienced within the greenhouse and allow a better understanding on

what the crops really need produce 100% yield.

In the past couple of years Zimbabwe has seen a decline in their agricultural market either due
to mismanagement of resources, draught and lack of knowledge of their farmers. This situation
has taken the once thriving agricultural sector down a dark path that has left the nation having
food shortages and in turn the government has had to rely on foreign aid and buying the needed
crops from countries such as Brazil who are the world’s leaders in wheat farming. In order for
Zimbabwe to regain its place in the world in the agricultural sector a more conscious effort
must be made to trying to integrate the local farming industry with the new upcoming
technologies that will make farming more efficient.

1.3 Research Problem
After a much-needed reflection into the farming sector in this country the developer has found
areas that the concepts of the Internet of Things could help address and thereby solving

problems that the average farmer would find hard to solve. These problems being faced are:

> Due to draughts in the country a decline in the availability of water has had a huge
impact on the production of crops that are vital to the people of this country.

> Due to the scarcity of water, the need of more dams is of paramount importance to the
farmers of this country and due to lack of the necessary funds to build them ways have
to be formulated to save this precious resource.

> Due to climate change factors farming is becoming more difficult due to the ever-
changing seasons and rain patterns, the need for technology to step in is greater than
before in order to find lasting solutions.

1.3.1 Aim of Research Study
The aim of this study is to create a more efficient and smarter greenhouse that will allow the
farmer to capitalize on in house climate control to allow the greenhouse to adapt to different

plant growths that require different temperature standards. In doing this this will allow farmers
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in Zimbabwe to broaden the variety of crops their farm, in so doing this will allow a more

efficient way of usage of resources.

1.3.2 Objectives of Research

» To monitor soil moisture using soil moisture sensors that will allow the farmer to view
these statistics on an android device. This will allow a more automated water delivery
method thereby curbing wastage of the resource.

» Use temperature humidity sensors to monitor the temperature and humidity fluctuations
that occur inside the greenhouse, this will enable the greenhouse to be climate
controlled to suit the needs of different plants.

» To alert the farmer when soil is below or above a critical level of humidity on his/her

android device.

1.4 Methods and Instruments
The methods and instruments are defined as the tools and the steps that are required to develop
the project from stretch. Step by step procedures are planned and formulated in order to produce

a quality product.

1.4.1 Instruments

In order to demonstrate this concept a prototype must be constructed that will demonstrate at a
small scale how this technology will help greenhouse farmers compete in this global village.
To achieve this goal following components and software developing tools will be needed for

the construction of this prototype.

1.4.1.1 Software Tools
» Android Studio — The aim is to produce a portable interface that the farmer can interact
with so as to view the data from the sensors. To achieve this the Android Studio
interface will be used to develop an application that can be installed and used on any
android device. The main languages that will be used to achieve this fit are Java and

Kaotlin which are well supported by Android studio.
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» Arduino IDE — This is an Integrated Development Environment (IDE) that was
developed to suit the needs of individuals that would want to use Arduino micro-
controllers in the development of their projects.

» JetBrains WebStorm — This IDE was developed by JetBrains. It allows a developer to
use the power of IntelliJ which is a tool that gives code suggestions to the developer. It
supports languages like HTMLD5, JavaScript, PHP, ruby, groove and a host of other web
development languages. In this project it shall be used to develop the JavaScript scripts
that will make use of the Nodejs environment which will work as an API that will enable
the communication between the android application and the micro-controller.

» Mongodb — This is a NoSQL database that stores data in JSON form which is an

unstructured form when compared to the traditional databases like MySQL.

1.4.1.2 Components
1. Arduino Uno micro-controller
Wi-Fi Module ESP8266
Android Device
Soil moisture sensor
DHT22
Resistors
Water pump

Water flow sensor

© 0o N o g bk~ w DN

4 channel Relay

[ERY
o

. ATX Power supply

-
-

. Tubing to be used as irrigation pipes

=
N

. Water reservoir

=
w

. Fans

1.4.2 Methods
As it is important to have a set of tools that will help develop a well formulated system it is all
to not if the is no well define method in which to execute each step. Figl.1 shows a block

diagram the identifies the inputs and outputs that will be seen within the project.
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Soil

Moisture

:>‘ Irrigation Equipment
Arduino Uno (water pump)
Humidity :> Micro-
Sensor controller <:>[ Water flow ]
Temperature :

Sensor

Fans/Air

ventilation

{ WIFI Module Android Device ]

Figure 1. 1 Smart greenhouse Block Diagram (Source: Author)

1.5 Expected Results/ Contribution and future scope of the project

In any undertaking or project certain results are expected to be the outcome of the project on
its completion. Rouse (2015) defines project scope as part of the planning procedure that deals
with identifying and documenting project goals, costs, deadlines, deliverables. From this
definition it can be derived that the future scope of the project deals with identifying any future
goals that can be achieved after the final implementation of the project. This entails that project
team is given the task of further researching on any technologies that can be added in any future
development as to further enhance the functionality of the system. This section seeks to outline

the results that will be expected and the future scope of the project.

1.5.1 Expected Results
> To be able to regulate the temperature and humidity in the greenhouse (climate control)
which will allow the farming of different offseason crops.
» Tobe able to maintain an optimum moisture level of soil to allow optimum plant growth
and saving of water.

> Receive real-time data about what is happening in the greenhouse.
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1.5.2 Future Scope
> Instead of using electricity to power the greenhouse to make it more ecofriendly use of
solar panels could be used to power the greenhouse.
» The use of glass panels that can reflect light and control the amount of light that enters

the greenhouse can be implemented in future development.

1.6 Research Limitations and Delimitations

Simon (2011) defines limitations as the potential weaknesses that can be found within a study
and are beyond the researchers’ control. Limitations can be found in every aspect of a person’s
life and should not be ignored. To produce a quality project, one must be able to identify these
limitations and devises a way of mitigating these problems. Baron (2008) defines delimitators
as factors that can affected the study but which the researcher has a degree of control over
them. Delimitators help control the boundaries/scope of the study. In this section the limitations

and delimitators of this project shall be stated.

1.6.1 Limitations
> Network failures could hinder the communication between the android device and the
smart greenhouse system.
» Components used to develop the system might be hard to come by due to economic

hardships.

1.6.2 Delimitations
» Farmer confidence might be difficult to gain as they are used to their old tried and tested
methods of doing things.

» User training might be difficult due to user resistance.
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1.7 Significance of the Research

As a developing country Zimbabwe needs a way for feeding its nation by the use of more
technologically efficient methods of farming that allow the affect use of scarce resources like
water. Implementation of these concepts will see a growth in the farming sector in Zimbabwe
by allowing the country to broaden the types of crops it can produce and increase its market

share.

1.8 Proposed Budget

The development of any system needs to have an adequate budget that clearly outlines the
software and hardware needs of a project. This budget is formulated so that the developer
knows clearly how much is needed to complete the project. Table 1.1 states the hardware and

costs that will be incurred in the development of the project.

Table 1. 1 Hardware Components

Component Unit Price (USD) Quantity Price ($USD)
Arduino Mega 2560 23 1 23
DHT22 Temperature and humidity sensor | 8 1 8
Soil Moisture Sensor 4 1 4
Wi-Fi Module ESP8266 9 1 9
Water Pump 14 1 14
Water Flow Sensor 10 1 10
4 channel Relay 8 1 8
Fan 5 1 5
Bread board 10 1 10
Resistors 0.10 6 0.60
Total 91.6

(Source: Author)
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1.9 Time Scheduling

In order to complete this project successfully adequate time management must be employed so

as to finish the project in the best amount of time. Table 1.2 shows a Time plan that outlines

the stages and time frame that will be needed to complete each stage.

Table 1. 2 Time Plan

Activity Start of Activity End Activity Duration (Weeks)
Project Proposal 21/09/2018 11/10/2018 3

Planning 12/10/2018 03/11/2018 3

Analysis 04/11/2018 04/12/2018 4

Design 05/12/2018 05/02/2019 8

Coding 06/02/2019 20/04/2019 10

Testing 21/04/2019 12/05/2019 3

Maintenance 13/05/2019 Ongoing Ongoing

(Source: Author)
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Activity Week 1- Wee Wee Wee Wee Wee Wee Wee Wee Week 28
3 k4-6 k7-9 k10- k13- k16- k19 k22 k25 -31
12 15 18 -21 -24 -27

Project

Proposal

Planning -
Analysis -

. NN

o NN

Testing -

Maintenance ONGOI
NG

Figure 1. 2 Gantt chart (Source Author)

1.10 Conclusion

After the implementation of the concept in this chapter farmers will now able to easily manage
their greenhouses by allowing climate control that will allow plants to get adequate resources
such as water, light to improve efficient growth of the crops. The next chapter will deal with a
comparison of the proposed system and other existing systems in the market.
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Chapter 2: Literature Review

2.1 Introduction

In this age were advancements in technology are happen at a more rapid rate, many industries
have begun to digitalize in order to stay competitive. Most visibly is the introduction of
automation in the agriculture sector and more specifically in the management of greenhouses.
This new technology now allows farmers to drastically reduce cost in the production of their
crops in the long run. This section seeks to deal with the previous works that have spear headed
this technology to where it is today and also look at current alternatives that are applicable to

the Zimbabwe environment.

2.2 Background of Greenhouses

According to the Oxford Dictionary (2005, 3™ edition) a greenhouse can be defined as a
structure that is made out of glass or plastic used to protect plants from weather conditions that
could threaten their growth and reproduction. Greenhouse like structures first emerged during
the periods of Tiberius Caesar who was then the emperor of Rome. These structures were built
as a way to provide the Roman populous with an all year-round supply of cucumbers. With the
coming of the ages many other civilisations began to adopt this concept of using methods of
artificially creating a climate that would allow the growth of plants not indigenous to that region
or would have been out of season as compared to the traditional farming methods which did
not allow this and were limited in scope. Countries like the Netherlands and England began to
also use these structures which in that time were known as orangeries or pineries (for pineapple

farming) depending on the plant being farmed in it.

Greenhouses have a wide variety of uses. The most popular is their adaptation in the science
of botany, where herbs and flowers are farmed in large quantities for either medical purposes,
commercial use or even the preservation of extinct plant species. A perfect example of one
these Greenhouse conservations is one found in South Africa named the Pearson Conservatory

after Mr Henry Pearson who was then the mayor of Port Elizabeth at time of its commission.

Greenhouses can be plant specific or house many species of plants as indicated above. They

also come in many different sizes and levels of complexity from the most basic greenhouse
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that uses manual labour to maintain it to more high-tech greenhouses that are controlled by

expect systems in order to maintain an ideal climate for the desired production output.

This study will aim at looking at the more modern types of greenhouse and how to improve on
the works that have already been implemented in this sector of agriculture in order to better
improve their efficiency.

2.3 Evaluation of previous implementations

Greenhouses have survived the testament of time and have become the primary method of
farming that is used by developed countries that lack the vast land resources possessed by
Zimbabwe. This lack of land as a resource has forced these countries to research and focus on
how to make their greenhouses more effective and efficient as compared to the very first

greenhouses that were used in ancient Rome.

Stipanicev and Marasovic (2010) proposed a system that is based on a technology developed
by Dallas Semiconductor Corp. that uses an embedded web server on a TINI (Tiny Internet
Interface) board. It utilises the use of a MicroLan system that allows a master device to
communicate to small devices like thermometers. This form of network provides power,
signalling and low-speed data transmission with the use of a single conductor. This board uses
a network of distributed sensors and actuators to collect data. Once the data is connected it is
transmitted to the internet by the use of a network cable. The TINI board is a great example of
the use of embedded systems. These systems are much cheaper than the PC counter parts that
need a large amount of resources to process data that is given by the network or sensors as
compared to a microcontroller that are more task specific. For greenhouse enthusiasts this

enables them to access the full functionality of an automated system at a lower cost.

As new technology is invented the rise of better and more efficient ways of transmitting data
from sensors have been formulated. ZigBee is one of these that have become popular and joined
the race with other technologies such as WI-FI and Bluetooth that allow a microprocessor
communicate with sensors that are non-as a wireless sensors network. Qianet et al (2010) goes
on to compare how this ZigBee technology would fair when compare with both WI-FI and
Bluetooth technologies when implemented on Chinese greenhouses. Qianet et al (2010) goes
on further to identify five factor that can be used to compare these 3 technologies. The
conclusion that ZigBee is a more superior technology was reached due to its high flexibility
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and unlimited installations for both large scale and small-scale greenhouses. This solution is

clear demonstrated in Figure 2.1 that illustrates the proposed implementation design of this

system.
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Figure 2. 1 Wireless sensors using ZigBee technologies (Source: Qianet et al (2010))

One drawback of this design is that a central computer needs to be used in order to manage this

system. This greatly reduces the flexibility of the farmer.

Abdul Aziz et al (2009) have suggested a system capable of measuring and detecting various
temperature ranges using temperature sensors connected to a wireless network of sensors and
then transmits the data to the farmer via SMS (Short Message Service). This system will enable
the farmer to receive alerts the farmer beforehand if they are any abnormal changes in the
greenhouses climate. This form of technique can also further be integrated to use other sensors

that can alert the farmer on matters such as the moisture levels of the soil, luminous intensity
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being experienced within the greenhouse. A trigger text can be used to activate certain
functionalities within the greenhouse such as activating the fans in order to reduce a
temperature spike, when moisture level is low the sprinklers can also be activated through this.
The drawback of this system is its inability to learn from past experiences and user input in
order to create a knowledge base that will enable the system to tackle more trivial issues and

make the system more intelligent.

2.4 Proposed Implementation

After evaluating past implementations, a trend is then clearly shown that the need for a more
mobile way of monitoring these greenhouses is needed a farmer to be able to manage the events
that will be transpiring within the greenhouse and allow more control as the farmer will have
access to real time greenhouse data from anywhere in the world. The proposed system borrows
many of its ideas from the previous implementation and seeks to further improve and rectify

this element of mobility that would greatly improve the efficiency of the greenhouse.

This new system will include an android application that will enable the farmer to view Real-
time data of the events that are happening in the greenhouse. The farmer will be able to view
the temperature fluctuations and be able to switch on the fans that will ventilate the greenhouse.
The android device will also allow the farmer to view historical data for all the events that will

be taking place in the greenhouse.

2.4.1 Limitations of proposed system

During the development lifecycle a number of factors are identified that can affect the project
negatively and can act as limitations to the develop of the project as a whole. In the
development of this system the following limitations have been recognized.

> Due to the nature of Arduino as an open source platform it is vulnerable to exploitation
by any individual with intimate knowledge of the system.

» According to Manske (2018) the operational cost of buying or evening building a
greenhouse from scratch is an expensive task before mentioning the addition of sensors

and other equipment to help automate the greenhouse.
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» The application might need a longer learning curve for the more senior citizens as they
have a higher resistance to adoption of new technologies which is also argued by
Vaportzis et al (2017).

> Need for a constant and reliable internet connection might be a hindrance to the farmer
receiving Real-time updates from the greenhouse due to the internet connectivity within

the country.

2.4.2 Benefits of the proposed system

The greenhouse system in Zimbabwe is still in its infancy, in order for it to reach the level seen
in the developed countries so to allow even competition with the fast-evolving technological
powerhouses of the world reforms need to be made to empower Zimbabwean farmers to
embrace it. The proposed system seeks to close this gap. The following are the benefits of the

proposed system.

» Manske (2018) speaks of an inability to regulate the temperature in the greenhouse. The
proposed system seeks to make that task trivial even for the novice of greenhouse
farmers by giving them the ability to monitor the greenhouse even from the comfort of
their homes.

» Labor force is greatly reduced as most if not all the proses are automated.

» Climate control is essential when a farmer needs to farm crops that are off season or are
not indigenous to the region. The sensor can allow the farmer to change the threshold
for the various factors/variables such as temperature, humidity, etc. that are needed for
these plants.

» The irregular rain patterns that have recently affected that country have made resources
such as water a highly important commodity that should be used wisely and sparingly
in the day to day survival of animals, humans and plants alike. Implementation of this
system will see this resource being used wisely as the farmer is able to accurately

allocate the amount of water a plant would need to grow.

2.5 Foreknowledge
In order to acquire a deep appreciation of the implementation of this project one must at least

poses a little bit of background information or foreknowledge about the construction and
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maintenance of your average day greenhouse. Further knowledge should be attained in the
greenhouse automation and this will allow good decision making for which parts can best be
automated in order to produce the most efficient produce. This basic understanding will allow
the proper choice of electronic equipment and components that will be conducive for the scale
of the project. In this project the knowledge of components like the Arduino board and the host
of sensors it supports is a must will not just help cut operational costs but also help with

maintenance costs as well.

A basic understanding of the interconnection of these components will coming in handy as it
will allow the implementation of the project to be smoother. Depending with the size of the
green house one may decide to use a ZigBee network that makes use of radio frequencies to
transfer data from nodes in the network which are connected to sensors (also known as a
Wireless Sensor Network) or just use a central micro-controller that will be able to control all
its complimentary components at once. This knowledge can be obtained from various areas on
the internet such as Arduino forums that have a host of projects that have been done by other
engineers and the way they overcame some difficult areas in the implementation of their

projects.

2.6 Conclusion

In this chapter the reader has been exposed to history of greenhouses and how they have come
to be the structures they are today. This includes how they first came about and different types
of traditional greenhouses that have model and resulted in the ones we have today. This
information went on to solidify the stance of why greenhouse automation will help push this
field forward in this technologically rich era. The proposed system was then compared toe-to-
toe with previous implantations of the system where their pros and cons were clearly outlined.
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Chapter 3: Methodology

3.1 Introduction

In this chapter the components and the methods of gathering data will be discussed. The
components to be discussed in this chapter are as follows: Arduino Mega 2560
(microcontroller), DHT22 Temperature and Humidity sensor, Soil moisture sensor, WIFI-
module ESP8266, Water pump, Water flow sensor, 4 channel relay, Fan, and an ATX power

supply.

3.2 Component Description
This section seeks to give a more in depth look at all the components mentioned one at a time
in order to give the reader a greater appreciation of their specifications and how these

components will collectively work together in order to produce a fully functioning system.

3.2.1 Sensors

According to Ravi (2017) a device with the ability to measure and detect some type of physical
quantity be it light, humidity, temperature, etc. as a form of input and then produces an output
signal that carries values that can be used for various process is what we define as a sensor.
These devices are divided into many categories according to their intended use. For this project

the following sensors are going to be utilized to collect the readings for the numerical data:

i) Soil Humidity Sensor
A soil humidity sensor is a two-part component that consists of conductive probes
main sensor) and the control board (LM393 IC) as seen in figure 3.1. The main use
of the probes is to measure the volumetric water content in the soil and the control

board which functions as a voltage comparator (Ravi 2018).

The sensor uses electric current to measure the amount of water in the soil. The
amount of water in the soil will cause the conductivity of the probe to vary. If the
water content in the soil is low an LED will glow and this will indicate that the
output of the control board(comparator) is high. The reverse is true for when the

water content of the soil is high.
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Figure 3. 1 Soil Moisture Sensor

i) DHT22 Temperature Humidity Sensor

(Source: Ravi (2018))

As stated by Last minute engineers this is a special designed low-cost sensor that

has the ability of measuring the temperature and humidity of the surrounding

environment. Under the hood as seen in figure 3.2 the sensor comprises of a

Humidity Sensing Component and NTC Temperature Sensor (Thermistor). Table

3.1 Identifies the specifications of the sensor.

Table 3. 1 Specifications of DHT22 Sensor

Property Value
Operating Voltage 3Tob5V
Max Operating Current 2.5mA max

Humidity Range
Temperature Range
Body Size

Sensor Period

(Source: Dejan (2016))
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Humidity Sensing
Component

NTC Temeperature Sensol
Thermistor

Figure 3. 2 Inside view of a DHT22 sensor (Source: Dejan (2016))

i)

Water flow Sensor

A water flow sensor consists of a water rotor, half-effect sensor and a plastic body
valve. It is used to measure the rate of flow of water in a pipe. It achieves this by
using the amount of times the rotor is turned by the water to pulse signal (done by
the hall-effector sensor) that determines how much water has flown through the
sensor. In this project this sensor will be used to give an accurate representation of
the daily water usage of the plants in order to avoid wastage. Figure 3.3 shows the

representation of the sensor.

outlet

Figure 3. 3 Water Flow Sensor (Source: Ravi (2018))
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3.2.2 Actuators

Taymanov and Sapozhnikova (2018) define an actuator as anything with the ability to change
energy so as to produce a form of motion. This energy can be created by many elements such
as electricity, liquid, air which in turn causes an action/motion to occur. The actuators in this
project are driven by the Arduino microcontroller. The following is a description of the

actuators used within the project.

)] Water Pump
A water pump can be defined as any device that has the ability to move water. Water
pumps have been used since the beginning of time so as to move water through
mediums from one region to another. In this project the pump will be controlled by
a microcontroller that will give it an electric signal telling it to start moving the
water from the water reservoir to the direction of the plants. Figure 3.5 shows the
type of pump to be used in the project.

outlet

y

Inlet

Figure 3. 4 Water Pump (Source: Ravi (2018))

i) Fan
The main purpose of a fan is cool the environment due to an increase in temperature.

In this project a fan will be used to cool down the greenhouse when the temperature
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and humidity reach a certain level that is not conducive for the plant. This means

that the fans will play a major role in the climate control of the greenhouse.

Figure 3. 5 Cooling Fan (Source: Ravi (2018))

3.2.3 Arduino Mega 2560

The Arduino Mega 2560 is what we call a microcontroller. Its major role is to accept input
from the sensors and perform calculations and then provide output in the form of electric
signals that will be interpreted by the actuators that will in turn carry out the relevant task
needed of them. The board is based on an ATmega2560 chip. Table 3.2 shows the

specifications of the board.

Table 3. 2 Arduino Mega 2560 specifications

Property Value

Microcontroller ATmega2560

Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limit) 6-20V

Digital 1/0 Pins 54 (15 provides PWM output)
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Analog Input Pins 16

DC Current per 1/0 Pin 20 mA

DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB (bootloader uses 8 KB)
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz
LED BUILTIN 13

Length 101.52 mm
Width 53.3mm
Weight 379

(Source: SM (2017))

*IIIeS LI

Figure 3. 6 Arduino Mega 2560 board (Source: SM (2017))
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This board is able to interface with other devices like Wi-Fi modules, GSM modules, Ethernet
modules and ZigBee that help further boost its capabilities in achieve a true network of sensors
that help produce a perfect standalone network of Things that will be working together as one

unit.

3.2.4 ESP8266 Wi-Fi Module

ESP8266 Wi-Fi module is defined by Ageel (2018) to being an open source firmware that has
been developed to give support to developers who are willing to venture into the realm of 1.0.T
design and development. It has similar features with the microcontroller mentioned above but
with one added advantage. This Wi-Fi module is able to interface with other device over a Wi-
Fi connection due to the fact that the Wi-Fi module is based on an ESP8266 Wi-Fi chip. As
much as it can work as a standalone device, when a large number of sensors are need to
interface with it an Arduino board will come in handy due to the vast number of digital and
analogy pins on the board that allow it to interface with much more components than the Wi-
Fi module can on its own. Another great advantage of this component is the ability for it to act
as an access point. This can allow the Arduino device to be controlled without a serial
connection to any server and use a wireless connection which can be accessed by a web server

on a pc or even an android device. Figure 3.8 shows what the Wi-Fi module looks like.

Figure 3. 7 ESP8266 Wi-Fi module (Source: Espressif (2019))

22|Page



3.2.5 Four Channel Relay

A relay is described as an electrical switch used in a circuit that has the ability to use a small
electric current to control or switch on or off a much larger current than the one that initiated it
(Woodford 2018). The small current passes through a coil that in turn will create a magnetic
field that will be used to control the switch. A relay has dual roles, as a switch/lever that
switches a circuit on or off and also as an amplifier that has the ability to convert small currents
to large ones. In the project the relay will be used to control when the cooling fan is switched
on due to an increase in temperature within the greenhouse and also when the pump will be
started given the level of moisture need by the plant has decreased below a certain threshold

level.

Figure 3. 8 Four Channel relay (Source: Ravi (2018))

3.2.6 ATX Power Supply

The developer will repurpose an ATX power supply that is used by computers to power their
motherboards in order to produce a 12v voltage that will be able to power the water pump and
the use a L7805 voltage regulator to step down the voltage to 5v in order not to fry the other

components.
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Figure 3. 9 ATX Power Supply Module (Source: Electronics Tutorials (2018))

3.3 Software Components of the Project
The software components are the intangible parts that will be used to develop the project. These
components include the Integrated Development Environments (IDEs), programming

languages that will be used to develop the project.

3.3.1 IDEs

Rouse et al (2018) defines an IDE as an environment that is used to consolidate all the tools
that might be needed to develop in a specific programming language. It helps bring all the tools
like compilers, text editors, etc. into one environment making it easier for developers to manage
these programming aspects. The software needed for this project will be developed using three
different IDEs which are namely Arduino IDE, Android Studio and WebStorm.

3.3.2 Programming Language

According Hemmendinger a computer programming language is a high-level language that
when translated to its corresponding machine language equivalent acts a set of instructions that
allow a computer to perform a specific task. For this project the languages that will be used are

Java, C/C++ and JavaScript.
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3.4 Conclusion

In conclusion with the vast understanding of these components the development of the project
will be made easier and faster. In the next chapter the reader will be introduced to the system
and the expected results that will be produced by the system.

25|Page



Chapter 4: System Design

4.1 Introduction

When an architect is drawing a plan for a house, he/she has to define each and every part of the
house in details so as to be able to clear visualise the idea that is being thought up by the owner
of the house. In part system design tries to play that role by defining the elements that make up
a system from the user interfaces, flow of data within the system, system architecture. System
design implies an approach that is systematic, which enables the developer to cover all the user
requirements so as to deliver the best system possible. In the following section a closer look

will be given to the components that make up the process of system design.

4.2 Data flow

System design deals with the flow of information that occurs between two different points be
it in an organisation between two people or the communication of two servers in different
geographical locations. In this system the developer will illustrate the movement of data
between the sensors, microcontroller and the android phone which acts has the client. In order
to illustrate this flow of data a flow chart should be used, Kimber et al (2018) describes flow
charts as a significant tool that can be used to convey information between two parties be it in
the classroom or in a business setting. Figure 4.1 illustrates the way the data will flow within
the greenhouse, starting from the point that the sensors collect the data that then sets of a chain
reaction of events that lead to the end user receiving the information of his/hers tablet or
smartphone. In the event of a fault it is easy to flow the fault as the step of how the data is

moving is clearly shown.

26|Page



Soil Moisture Sensor take

data

A

Arduino Mega
Receives data

eMperature and humidh
greater than threshold
value

YES
Switch on fan

/ Temperature

and humidity
data is
captured

Soil Moisture
greater than
hreshold valug

NO

Moisture data
is captured

——

ESP2866 Wi-Fi
module sends

Android Device displays
data

data to cloud

YES

Switch on pump

y

Water flow
sensor takes data

A
/  Water
usage is

y

Android Device
receives data

Figure 4. 1 Flow Chart of Greenhouse Project

4.3 System architectural design

captured

(Source: Author)

In order to describe what the system architecture is the reader should have a basic appreciation

of what an architecture is. Gough (2013) defines the term architecture as a relative idea used to
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design and implement the construction of a building or other physical entity. From this
definition the reader can appreciate that a systems architectural design is a blueprint of the

interrelationship between all the components be it software or hardware. This relationship is

shown
Soil Irrigation Equipment
Moisture :> ] (water pump)
Arduino Uno
Humidity :> Micro-
Sensor | controller <:>[ Water flow ]
Temperature :
Sensor Fans/Air
ventilation
[ WIFI Module Android Device ]
Figure 4. 2 Architectural design of the components (Source: Author)

4.4 Circuit and Schematic design

According to Science daily circuit design is process used to determine the logical pathways
that are needed to join electrical components to produce a functional and complete circuit. This
results in the development of instruction that can be used to develop the electric circuit. This
will further help in the development of a schematic that can be used to develop a Printed Circuit
Board (PCB) when one wants to develop a more integrated system. The developer will dwell
more on the circuit design done on a bread board for the development of this project. This
circuit design is seen in Figure 4.3 which illustrates how each component will be interconnect

with each other on a logical level.
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Figure 4. 3 Circuit design for greenhouse components (Source: Author)

4.5 Physical Design

This section deals with the physical outlook of the greenhouse upon completion and how the
1.0.T aspect of the project is achieved. Figure 4.4 illustrates how the proposed system will look
after its completion. The ESP8266 Wi-Fi module is represented by the sensor nodes that will
communicate with a router and send information to the android device via a server that will
store the daily values taken by the sensor and can later be mined to produce relevant data by
the use of data mining techniques. These stored values will also be displayed via the android
device that will be used by the end user to view the relevant information pertaining the
greenhouse i.e. soil moisture values, temperature and humidity values and the amount of water
used each time the pump is initiated.
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Figure 4. 4 Physical Design of the Greenhouse (Source: Shamshiri (2018))

4.6 Interface design

Interface design deals with the design of the user interface which is the first port of contact
between the user and the system. The interface being designed is for the android system where
the user will be able to view the values recorded by the sensors and also to view historic data
that will be stored in the server such as the average temperature per day, average humidity a
week, etc. Figure 4.5 illustrates what the end user will be seeing in terms of the data that he/she
will be receiving from the greenhouse. On click each display area the user is sent to another Ul
shown on Figure 4.6 that will allow the user to choose which region of historical data would

like to be viewed.
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Temperature 21°C
Humidity 21%
Soil Moisture 21%
Water Flow 0.5L/min

Figure 4. 5 Ul for Greenhouse control panel

Figure 4. 6 Ul for historical data view
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4.7 Pseudocode

Rouse (2014) defines it as a naturally readable language that is used by designer to describe
the implementation they would like to see in a program. After formulation of the pseudocode
it is given to programmers who use it as a template to develop the desired system. Following
is the pseudocode for the switching on of the fan in the event that the temperature has reached

a certain threshold level.
Initialize pins
Declare tempVariable
Initialize maxTemp = 23
Setup Method
Initialize Serial Baud
Start dht sensor
Loop Method
Initialize tempVariable = temperature value from dht sensor
IF maxTemp > tempVariable THEN
Switch on fan
Print fan is on
ELSE
Do not switch on fan
Print fan is off

Print tempVariable

4.8 Client-Server Architecture
Beal (2019) describes this as a network architecture that depends on the availability of a client

and a server. This network architecture is the backbone of the communication between our
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client which is the android device and the server which will be implemented in order to handle
http requests from the client, storage of data from the sensors connected to the Arduino
microcontroller. The server will implement a RESTful API architecture that simplifies the
transmission of data between the client and the server by the use of CRUD (Create, Read,

Update, Delete) operations.

4.9 Security Design,

Security design is a process by which the security measure is integrated into the software from
the ground by including measures such as testing and other safe guards such as authentication.
By developing these safeguards at every design stage, the software will have a more effective
security policy and help it adhere to the best programming practices. This testing is not only
just limited to the development of the software but is a continuous process that goes through
the implementation stage and as well as the maintenance stage. In order to gain a more in-depth
appreciation the reader will be introduced to three subsections that make up security design.
These sections are Physical security, Network security and Operational security.

4.9.1 Physical Security

Physical security deals with the security of the physical aspects and ways of preventing
tampering of these elements. The system being developed is comprises of both hardware and
software elements. With this realisation a higher effort must be made in maintaining the
physical security of the hardware components that are more accessible to compromise either
from threats like natural disasters, animals and humans trying to compromise the integrity of
the equipment. In order to maintain security of the hardware element of the project, components
that are highly susceptible to damage from the elements should be enclosed in a secure case
that has both the ability to protect them from water, fire or any disaster and also that can be
locked in order to protect it from being tempered with physically.

4.9.2 Network Security
Network Security deals with the security protocols and authentication methods used to
authenticate the data that is transferred with in a network. This is done so that data integrity is

maintained since data packets can be compromised as they are sent from the client to the server
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and vice versa. In this system the data will be transferred from a Wi-Fi module that takes
advantage of modern-day Wi-Fi standards such as 802.11n which according to Mitchell (2019)
has backward compatibility with previous standard versions and a wide range of devices and
at the same time provides a more bandwidth. Due to this data is transferred fast from the
Arduino to the server and a Restful API architecture ensures security by the use of handshake
tokens used to verify the authenticity of data packets. After data is transferred to the server it

is then repackaged and transferred to the android device that then displays the information.

4.9.3 Operational Security

Techopedia (2012) defines operation security as the process of protecting data that if fallen in
the hands of the competitor could give the competitor an advantage. This information can be
categorized as data or process that happen in an organization. In the greenhouse system these
processes can be equated to the processes of transferring the data from the Arduino board to
the server. The information might be using an open source API but still could give any
competitors.

4.10 Conclusion

In this chapter the reader has been introduced to the term system design and a detailed
description has been given on each component that it comprises and how they relate to the task
at hand. In the next and final chapter, the reader will be introduced to the results that the system
would have generated and a brief description of recommendations that should be take hide of

for future development.
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Chapter 5: Implementation

5.1 Introduction

This chapter will seek to introduce the implementation phase. According to the SDLC it is the
final stage of software development which in other texts is superseded by the maintenance
phase which by all stands is a continues phase that is ongoing and doesn’t reach completion till
the software has been retired (Usane Rani, 2017). The main discussion will be based on how
the Greenhouse system will be implemented in terms of the following aspects covered under
software implementation which are: coding, system testing, final installation of the system,
system maintenance, the results the system will produce, and finally any recommendations that

can be implemented in the future development of the system.

5.2 Coding

This is the most important aspect of software development, as if done right project deadlines
are easily met and hence the software is developed in time (Ransom, 2018). In this system this
section is divided into two, the first being the mobile application and the second being that of

the microcontroller.

5.2.1 Mobile application source code

In order to fully develop an 1.0.T enabled system a user should be able to access the device
from a remote area anywhere in the world. This notion dictates that this system should be
controlled from either a laptop or a mobile device. The developer chose to use a mobile device
since it is more portable and has easier access. The android development environment was used
to develop the control centre which makes use of java programming language and xml for
scripting and interface design purposes. Below are the code snippets illustrating the code used

to develop the android application.
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Figure 5. 2 Second Android code snippet (Source: Author)




loTBasedGreenhouse [DAAndroidProjects\loTBasedGreenhous \src\mainjavalcom! I tivities\MainActivity java [app] - Android Studic
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Figure 5. 3 Third Android code snippet (Source: Author)

5.2.2 Microcontroller source code

The ability for the greenhouse system to control the sensors, receive and send data to the
android device is through the Arduino Mega board. This is can be termed the brain of the
system. This board is a programmable board which makes use of the Arduino IDE to produce
and upload the code into the board. The code is developed in the C programming language.
Below are some of the code snippets of the source code that will be used to control the sensors.
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DHT22_Arduino | Arduino 1.8.9
File Edit Sketch Tools Help

ODHT2Z_Arduino &

DHTPIN 3 44 what pin we're connected to

DHTTYPE DHTZ22 £ DHT 22 (AM2302)

RELAY1 [

RELAY2 7

MOISTURE RO

WATER_FLOW 2

DHT dht (DHTPIN, DHTIIYPE): //// Initialize DHT sensor for normal lémhz Arduino

Ak e

£ Variables

s/ Temp humidity sensor

SSStores humidity wvalue
¢ f/Stores temperatures wvalus
nt tempMax = 30>
templMin =27.37

£F 80il moisture sSensor
output_wvalue;
minMoisture = 207

£ water flow sensor
cat calibrationFactor = 4.5;7

sensorInterrupt = 0; // 0 = digital pin 2|
= pulseCount;

flowRater

int flowMillilitres:

long totalMillilitres:

ng oldTime;

gned int frac;

Figure 5. 4 First Arduino code snippet (Source: Author)

&2 DHT22_Arduine | Arduine 1.8.9
File Edit Sketch Tools Help

DHT22_Arduino §
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Serial.
Serial2.b=

dht.begin{);

1{115200) 7
gin(115200) ;

// Initialise the Arduino data pins for OUIPBUT

(RELEY1, OUTEUT);
=({RELAYZ, OUTEUT);
= (WATER_FLOW, INFUT);
digitalW :

pulseCount
flowRate
flowMillilLitres
totalMillilitres
©ldTime

Ct sensor is connected to pin 2 which uses interrupt 0. Configured to trigger on a FALLING state change (transition from HIGH state to LOW s

/¢ The Hall-
2 ot {sensorInterrupt, pulseCounter, FALLIN

d loop(){
//Read data and store it to variables hum and temp
hum = dht.r midity () s

Figure 5. 5 Second Arduino code snippet (Source: Author)
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DHT22_Arduine | Arduino 1.8.9
File Edit Sketch Tools Help

DHT22_Arduino §

digitalWrite (RELAYZ, : // Turns Relay
1
i //Print temp and humidity values to serial monitor
i Serial.print ("Humidity: ");
i Serial.print (hum);

tln(" Celsius™);

10 o // Print Soil Moisture

1 i Serial.print ("Mositure
i Serial.print {(output_valus);
i Serial.println{"s")

v{2000); //Delay 2 sec.

ZEif{{millis{) - oldTime) > 1000){ // Only process counters once per second
f/ Disable the interrupt while calculating flow rate and sending the value to the host
chInterrupt (sensorInterrupt) ;

// Because this loop may not complete in exactly 1 second intervals we calculate the number of milliseconds that have passed since the last execution
// that to scale the output. We alsc apply the calibrationFactor to scale the output based on the number of pulses per second per units of measure (1
// coming from the sensor.

flowRate = ({(1000.0 / (millis{) - oldTime)) * pulseCount) / calibrationFactor:

// Wote the time this processing pass was exzecuted. Note that because we've disabled interrupts the millis({) function won't actually be incrementing
// at this point, but it will still return the value it was set ©o just before inTErrupts Went away.

oldTime = millis({):

/7 Divide the flow rate in litres/minute by €0 to determine how many litres have passed through the sensor in this 1 second interval, then multiply b
/7 to millilitres.

Figure 5. 6 Third Arduino code snippet (Source: Author)

&8 DHT22_Arduino | Arduing 1.8.9 —
File Edit Sketch Tools Help

DHT22_Arduino §

// Print the flow rate for this second in litres / minute
Serial.print("Flow rate:
Serial.print{int(flowRate)

// Print the integer part of the wvariable

Serial.r [ S // Print the decimal point

// Determine the fractional part. The 10 multiplier gives us 1 decimal place.
frac = (flowRate - int(flowRate)) * 10;

Serial.print (frac, H // Print the fractional part of the variable
Serial.p t("L/min"

4/ Print the number of litres flowsd in this sscond

Serial.print Current Liquid Flowing: "); // Qutput separator
Serial.print{flowMilliLitres);
Serial.print{"mL/3ec");

// Print the cumulative total of litres flowed since starting
Serial.print{™ Output Liquid Quantity: ™); /f Output separator
Serial.princ{cotalMillilitres);

Serial.println("mL"

// Reset the pulse counter 3o we can 3tart incrementing again
pulseCount = 0;

// Enable the interrupt again now that we'wve finished sending output
pt {sensorInterrupt, pulseCounter, FALLING

id pulseCounter() [
// Increment the pulse counter
pulseCount++;

L

Figure 5. 7 Fourth Arduino code snippet (Source: Author)
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5.3 Software testing

According to Rajkumar (2017) it is the process of evaluating a software against the stated user
requirements and furthermore ensuring the software is not defected and free of bug or anything
that can hinder its peak performance. The definition giving clearly illustrates that this is very
important process in the development life cycle as the developer compares the requirements
that were set and the actual functionality of the system. In order to ascertain this a quick look
on the varies aspects of testing shall be done for both the android application and the Arduino

microcontroller.

5.3.1 Android Application testing

In the development of the greenhouse system a local server was used in order to speed up the
testing phase. During this testing the application was tested whether it could receive data using
a Wi-Fi network since the server was localized different mobile networks could not be used.
When a connection is a stablished the system will show values from the server as shown in

figure 5.8

500 & A @

Greenhouse Control Panel

Temperature  21C Iﬂz

Humidity 21% m

Soil Moisture 21%

Water Flow 0.5L/min

Figure 5. 8 Application interface when server is connected (Source: Author)
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In the event there is no connection between the server and the application the following will be

seen as seen in Figure 5.9

2:11 £

Greenhouse Control Panel

Temperature === @E

Humidity == @E

Soil Moisture e x
-

Water Flow ---

Figure 5. 9 Application interface when server is disconnected (Source: Author)
5.3.2 Microcontroller testing

Testing the microcontroller will deal with testing the ESP8266 module for connectivity to the
network that will allow it to send data to the server and also the values produced by the sensors.
Figure 5.10 will illustrate the values coming from the sensors as viewed through the Arduino

serial monitor.
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Flow rate: 0.0L/min Current Liquid Flowing: OmL/Sec Output Liguid Quantity: OmL
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Mositure @ 15.00%
Flow rate: 0.0L/min Current Liguid Flowing: 0OmL/Sec Output Liguid Cuantity: OmL
Humidity: 43.40%, Temp: 25.00 Celsius
Mositure : 20.00%
Flow rate: 0.0L/min Current Liquid Flowing: OmL/Sec Output Liguid Quantity: OmL
Humidity: 43.40%, Temp: 25.00 Celsius
Mositure @ 15.00%
Flow rate: 0.0L/min Current Liguid Flowing: OmL/Sec Output Liguid CQuantity: OmL
Humidity: 43.40%, Temp: 25.00 Celsius
Mositure : 15.00%
W
Autoscroll [ Show timestamp Both ML &CR | |115200baud -~ Clear output
Figure 5. 10 Sensor values from serial monitor (Source: Author)
Figure 5. 11 Esp8266 blue light indicating activity (Source: Author)
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| Send

WiFi connected
Server started
1%2.1658.137.131

Autoscroll [ Show timestamp Both ML &CR | |115200baud -~ Clear output

Figure 5. 12 Connection status using serial monitor (Source: Author)

Figure 5.11 and 5.12 show the on status of the esp8266 and the connection status as viewed

through the serial monitor.

5.4 Results
In order to justify the results that we receive are the correct ones, a brief look at the stated

objectives must be made that defined the development of the system.

5.4.1 Objective one

In the first chapter the user required that the system should have the ability to show a
notification in the event that there is an increase of a certain threshold be it that of the
temperature, humidity or moisture level. Figure 5.13 shows a notification that will alert the

user of an increase in humidity and informing them that the fan has been switched on.
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A Greenhouse Control Panel * 3m

Humidity level alert
Humidity values have gone above threshold: Fan switched ..

¢ Android Setup

Preparing for setup... 6

Manage notifications CLEAR ALL

Figure 5. 13 Humidity level alert (Source: Author)

5.4.2 Objective two
The other objective to be viewed is that of the viewing the fluctuation of sensor values using
the greenhouse control interface. Figure 5.14 illustrates this.
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Greenhouse Control Panel

Temperature 21°C ﬂ

Humidity 21% iﬂ:

Soil Moisture 21% X

Water Flow 0.5L/min

Figure 5. 14 Values from sensors (Source: Author)

5.4.3 Objective three
The system should also have the ability to show the user historical data that has been collected
throughout a certain time frame depending on the chosen time frames that are group has daily,

weekly, monthly and yearly. Figure 5.15 shows how these historical values will be viewed.
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Figure 5. 15 Historical values sensor data (Source: Author)

5.5 Objectives vs System

Obijectives vs design is the comparison between the requirements set by the user and the actual
system itself after it has been implemented. The users are supposed to see if the objectives set
at the beginning have been met in order to declare that the project was a success. When view
the results being produced by the system in the results section on views that all the objectives
have been met since the hardware component is only acting the role of collecting data which

will then be displayed on the android application.

5.6 Installation
After testing the software needs to be installed in the environment of use. This process deals

with preparing both the software and hardware aspects of the system for use. It also deals with
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training the users on how the system shall be used and any changeover strategies that could be

implemented from the old system to the new one.

5.6.1 Implementation Strategies

Implementation strategies also known as changeover strategies are methods used to migrate
from an existing to the new system whilst trying to mitigate any risks factors that can disturb
the normal flow of business (Hardeep, 2013). They are four main strategies used in software
development and these strategies are direct changeover, parallel changeover, phased change
over and pilot changeover. Each of these strategies has its pros and cons over the other, but the
develop chose direct changeover since the existing system is more manual, there is no risk to
the slowing down of the operation of any specific greenhouse. Direct changeover also allows
a seamless introduction of the new system. Implementation of this changeover strategy is

effortless since there is no system to replace.

5.6.2 User training

User training is a process of making users familiar with the system being implemented. This is
done through workshops were users are given literature such as training manuals and video
tutorials that will help them familiarize with the system. For the greenhouse system the training
is not extensive since as soon as the greenhouse system has gone online the user just needs to

open the android application and view the variables of the sensors in the greenhouse.

5.7 System Maintenance

Software maintenance is a periodic process that deals with correcting, modifying, and updating
of a software to suit the needs of the customer or the change in environment or technology used
to develop that software. Software Maintenance is rooted from four main philosophies which
are: corrective maintenance, adaptive maintenance, perfective maintenance and lastly

preventive maintenance.

47|Page



5.7.1 Corrective Maintenance

Corrective maintenance as the name suggests deals with correcting any flaws or bugs that could
arise in the daily use of the system. Measure should be taken in order to correct these flaws.
The flaws can range from hardware malfunction, performance issues i.e. a delay in readings

due to the Wi-Fi connection or even a glitch in the android application.

5.7.2 Perfective Maintenance
This aspect deals with ever changing user requirements. As the system continues being used
the user might find that he or she might want to add extra functionality such as to use a heating

system in the greenhouse. Applying this new functionality falls under perfective maintenance.

5.7.3 Adaptive Maintenance

This aspect deals with the way the system will adapt to changes in technology and the ability
to use the system on multiple platforms. A practical example is transferring the system from
using an Arduino microcontroller to using a raspberry pie microcontroller which uses a

different system architecture all together that that offered by Arduino.

5.7.4 Preventive Maintenance

This type of maintenance deals with apply changes and modification that might not have a huge
significance in the present but will have a huge one in the future. An example can be given
where by instead of using the bread board one can use a more integrated circuit that is able to

have all the components on one spot.

5.8 Recommendations for future development

The developmental life cycle of a system is not a static process but one that is dynamic and is
continuous due to improvements in technology and also availability of resources. Below are
the recommendations given by the developer that he thinks should be implemented to improve

the system in the future.
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1. Since this project deals with large amounts of data in future a raspberry pie board should
be used since it makes use of a python operating system. This will greatly increase the
robustness of the system as python has a vast number of tools that can handle data
analysis, and predictive analytics of the data from the sensors.

2. During development the developer had problems interfacing the Arduino board with
the esp8266. In future a better Wi-Fi module can be used or an integrated board with
Wi-Fi capabilities can be used.

3. Use of a PCB (printed circuit board) should be used. This reduces the amount of wires

seen and avoids any issues with loose connections between components.

5.9 Conclusion
To bring this chapter to a close it is worth mentioning that the implementation stage is the most
important aspect of the development of a software product and selection of the right procedures

and strategies will determine the success and failure of even a well-developed software product.
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Appendices
Appendix A: User Manual

Android application User Manual

500 & A @ il

Greenhouse Control Panel

Temperature 21°C m

Humidity 21% ﬂ:

Soil Moisture 21% X

Water Flow 0.5L/min

Figure Al. 1 Start screen (Source: Author)

User encounters the first activity seen in Figure A1.1 which shows the values of the greenhouse

sensors. Each value field is clickable and sends user to the next menu.
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Figure Al. 2 Select period to view historical results (Source: Author)

User has the ability to choose which period to view historical data by clicking it. View will be
sent to screen in Figure A1.3 where a legend is shown which has the path to the graphical
representation of the data. If user decides to click the view graphical representation field, they

are sent to Figure Al.4 were the data is represented using a bar graph.

55|Page



5:28 & A AN |

Sunday 21
Monday 23
Tuesday 20
Wednesday 19
Thursday 18
Friday 25
Saturday 20

Click here to view in graphical form

Figure Al. 3 Legend of graphical Data (Source: Author)
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Figure Al. 4 Graphical data (Source: Author)
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Figure Al. 5 Circuit setup of components (Source: Author)

Figure A1.5 shows the setup of the component connections that need to be followed by the user
to setup the greenhouse system. The Arduino and esp8266 module will be pre-programmed

with the software needed to interface with the android application.
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Appendix B: Hardware code
WIFI Module source code
/I Import required libraries
#include <ESP8266WiFi.h>
#include <ArduinoJson.h>
#include <TextFinder.h>
TextFinder finder (Serial);
[ WiFi parameters
const char* ssid = "nash";
const char* password = "01234567890";
const int NUMBER_OF_FIELDS = 3; // how many comma-separated fields we expect
int fieldIndex = 0; // the current field being received
double values [NUMBER_OF_FIELDS]; // array holding values for all the fields
const int capacity = JSON_OBJECT_SIZE (4);
StaticJsonDocument<capacity> doc;
/I The port to listen for incoming TCP connections
#define LISTEN_PORT 80
Il Create an instance of the server
WiFiServer server (LISTEN_PORT);
void setup(void) {
/I Start Serial
Serial.Begin(115200);
/I Connect to WiFi
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Il WiFi.mode(WIFI_STA);

WiFi.begin(ssid, password);

while (WiFi.status()! = WL_CONNECTED) {

delay (500);
Serial.print(".");

} Serial.printin("");

Serial.printIn("WiFi connected");

/I Start the server

server.begin();

Serial.printIn("Server started™);

/I Print the IP address

Serial.printin(WiFi.local IP());
}
void loop () {

// Handle REST calls

WiFiClient client = server.available();

for (fieldIndex = O; fieldIndex < 3; fieldIndex ++) {
values[fieldIndex] = finder.getValue(); // get a numeric value
doc["temperature™] = values[0];
doc["humidity"] = values[1];
doc["water_flow"] = values[2];
doc["moisture”] = values[3];
client.connect(*192.168.137.1",80);
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client.printin("POST /post HTTP/1.1");
client.printin(*"HOST: 192.168.137.1");
client.printIn("Content-Type: application/json");
client.print("Content-Length: ");
client.println(measureJson(doc));
client.printIn("Connection: close");
client.printin();

serializeJson(doc, client);

fieldIndex = 0; // ready to start over

}

delay (10000);

}

Arduino Code

#include <DHT.h>

/IConstants

#define DHTPIN 3 // what pin we're connected to
#define DHTTYPE DHT22 // DHT 22 (AM2302)
#define RELAY1 6

#define RELAY2 7

#define MOISTURE AQ

#define WATER_FLOW 2

DHT dht (DHTPIN, DHTTYPE); ///l Initialize DHT sensor for normal 16mhz Arduino
/I Variables
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/I Temp humidity sensor
int chk;
float hum; //Stores humidity value
float temp; //Stores temperature value
int tempMax = 25;
double tempMin =21;
/I soil moisture sensor
double output_value;
double minMoisture = 20;
Il water flow sensor
float calibrationFactor = 4.5;
byte sensorlInterrupt = 0; // 0 = digital pin 2
volatile byte pulseCount;
float flowRate;
unsigned int flowMilliLitres;
unsigned long totalMilliLitres;
unsigned long oldTime;
unsigned int frac;
void setup () {
Serial.begin(115200);
Serial2.begin(115200);
dht.begin();
/I Initialise the Arduino data pins for OUTPUT
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pinMode (RELAY1, OUTPUT);
pinMode (RELAY2, OUTPUT);
pinMode (WATER_FLOW, INPUT);
digitalWrite ( WATER_FLOW, HIGH);
pulseCount =0;

flowRate =0.0;

flowMilliLitres =0;

totalMilliLitres = 0;

oldTime =0

Il The Hall-effect sensor is connected to pin 2 which uses interrupt 0. Configured to trigger on

a FALLING state change (transition from HIGH state to LOW state)
attachinterrupt (sensorinterrupt, pulseCounter, FALLING);
}
void loop(){
//IRead data and store it to variables hum and temp
hum = dht.readHumidity();
temp= dht.readTemperature();
I/l temp = 25.7;
output_value = analogRead(MOISTURE);
output_value = map(output_value, 550, 0, 0, 100);
if( temp < tempMin ){
/I Serial.printIn("Fan is off");

digitalWrite(RELAY1,HIGH); I/ Turns Relay Off
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}

if((temp >= tempMin) && (temp <=tempMax)) { // if temperature is higher than minimum

temp

/[Serial.printIn("Fan is on");
digitalWrite(RELAY1,LOW); /I Turns ON Relays 1
¥

if (minMoisture >= output_value){

/I Serial.printin("Pump is on");

digitalWrite(RELAY2,LOW); // Turns ON Relays 2
¥
if (minMoisture < output_value){
digitalWrite(RELAY2, HIGH); // Turns Relay Off

}

/[Print temp and humidity values to serial monitor

Serial.print("Humidity: ");

Serial.print(hum);

Serial.print("%,");

Serial.print(" Temp: ");

Serial.print(temp);

Serial.printin(" Celsius");

/1 Print Soil Moisture

Serial.print("Mositure : ");

Serial.print(output_value);
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Serial.printin("%");

Serial2.printin(temp);

Serial2.printin(hum);

Serial2.printin(output_value);

delay(2000); //Delay 2 sec.

if((millis() - oldTime) > 1000){ // Only process counters once per second
/I Disable the interrupt while calculating flow rate and sending the value to the host
detachinterrupt(sensorinterrupt);
flowRate = ((1000.0 / (millis() - oldTime)) * pulseCount) / calibrationFactor;

oldTime = millis();

flowMilliLitres = (flowRate / 60) * 1000;

/I Add the millilitres passed in this second to the cumulative total
totalMilliLitres += flowMilliLitres;

/I Print the flow rate for this second in litres / minute

Serial.print("Flow rate: ");

Serial.print(int(flowRate)); // Print the integer part of the variable
Serial.print("."); // Print the decimal point

/I Determine the fractional part. The 10 multiplier gives us 1 decimal place.
frac = (flowRate - int(flowRate)) * 10;

Serial.print(frac, DEC) ;  // Print the fractional part of the variable
Serial.print("L/min");
/I Print the number of litres flowed in this second

Serial.print(" Current Liquid Flowing: "); /I Output separator
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Serial.print(flowMilliLitres);

Serial.print("mL/Sec");

/I Print the cumulative total of litres flowed since starting
Serial.print(" Output Liquid Quantity: "); // Output separator
Serial.print(totalMilliLitres);

Serial.printin("mL");

Serial2.printIn(flowRate);

/I Reset the pulse counter so we can start incrementing again
pulseCount = 0;

I/l Enable the interrupt again now that we've finished sending output

attachlInterrupt(sensorinterrupt, pulseCounter, FALLING);

¥
¥

void pulseCounter(){
/I Increment the pulse counter

pulseCount++;

65|Page



66|Page



