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ABSTRACT

In today's technologically advanced era, several industries, particularly agriculture and
horticulture, have risen in size over time. We can see clearly that entrepreneurs seeking to
start a firm will undoubtedly focus on the tree planting sector, since it is capable of producing
raw materials such as fruits, herbs, and medicines, as well as timber. As a result, everyone
working in agriculture almost certainly has a crop irrigation system. This method is critical
for maintaining the freshness and safety of the crops. This is because plants, like living
organisms, require water to exist. Plants will grow if we water them on a regular basis, in
the proper manner, and at the appropriate time. Additionally, by referencing unpredictable
meteorological elements such as high heat, the concept of switching light sources for crops
becomes more plausible. With that, the project addresses how to advance the newest smart
garden technology in terms of automatically constructing water systems based on soil
moisture and switching the light source for trees from sunshine to LED lighting. The system
will thereafter be totally powered by solar energy, maximising electricity savings. The
project will incorporate both software and hardware components. The programme will use
Arduino to communicate with the hardware that will be tested on the crop.



ABSTRAK

Pada era teknologi yang maju sekarang ini, beberapa industri, khususnya pertanian dan
hortikultur, telah meningkat dari masa ke masa. Kita dapat melihat dengan jelas bahawa
pengusaha yang ingin memulakan sebuah syarikat pasti akan fokus pada sektor penanaman
pokok, kerana ia mampu menghasilkan bahan mentah seperti buah, herba, dan ubat-ubatan,
serta kayu. Hasilnya, setiap orang yang bekerja di pertanian hampir pasti mempunyai sistem
pengairan tanaman. Kaedah ini sangat penting untuk menjaga kesegaran dan keselamatan
tanaman. Ini kerana tumbuhan, seperti organisma hidup, memerlukan air untuk wujud.
Tumbuhan akan tumbuh jika kita menyiramnya secara berkala, dengan cara yang betul, dan
pada waktu yang sesuai. Selain itu, dengan merujuk unsur meteorologi yang tidak dapat
diramalkan seperti panas tinggi, konsep menukar sumber cahaya untuk tanaman menjadi
lebih masuk akal. Dengan itu, projek ini membahas bagaimana untuk memajukan teknologi
taman pintar terbaru dari segi membina sistem air secara automatik berdasarkan kelembapan
tanah dan menukar sumber cahaya untuk pokok dari cahaya matahari ke pencahayaan LED.
Sistem ini akan dikuasakan sepenuhnya oleh tenaga suria, memaksimumkan penjimatan
elektrik. Projek ini akan merangkumi kedua-dua komponen perisian dan perkakasan.
Program ini akan menggunakan Arduino untuk berkomunikasi dengan perkakasan yang

akan diuji pada tanaman.



ACKNOWLEDGEMENTS

First and foremost, Thanks to Allah Almighty Who enabled me to research on this

project and for all the countless gifts You have offered me.

It is a great pleasure to acknowledge my deepest thanks and gratitude to my
supervisor, Sir Ts. Mohd Erdi bin Ayob for his services in assisting me to complete the report

of this study and also his kind supervision. It is a great honour to work under his supervision.

I would like to thank all my fellow colleagues and classmates, the faculty members,

for being co-operative and helpful.
Last but not least, | would to acknowledge with the support and love of my parents

and family. They all already many provide facilities for me to continue to gain knowledge

and become an excellent human being.



TABLE OF CONTENTS

DECLARATION

APPROVAL

DEDICATIONS

ABSTRACT

ABSTRAK

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

CHAPTER 1:

INTRODUCTION

1.0 Introduction

1.1  Background of Project

1.2 Objectives

1.3 Problem Statement

1.4 Scope of Project

CHAPTER 2:

LITERATURE REVIEW

2.0 Introduction

2.1 Information to Smart Garden

211

Type of Smart Garden

2.2 Light of LED Imitate from Sunlight in Agriculture

221
2.2.2
2.2.3
224
2.25
2.2.6

Introduction to Light Emitting Diode (LED)

Grow light

Color Spectrum of Sunlight

Theory to Choose Best Color Spectrum for Plants
Relationship between Intensity of Light and Lumens

Understanding on PAR and PPFD

PAGE

i

i

iii
iv-vi
Vii

Viii - ix

9-11
12
13-14



2.3  Technology in Irrigation System
2.3.1 Auto Irrigation by Soil Moisture Sensor
2.3.2 Automatic Soil Moisture Monitoring System
2.4 Humidity for Growth Plant
2.4.1 Application Arduino Control Humidity and Temperature
2.5  Solar Energy as Supplier to Agriculture System
2.5.1 Application Solar Panel
2.6 Chapter Summary
CHAPTER 3: METHODOLOGY
3.0 Introduction
3.1  Software Development
3.1.1 Arduino IDE
3.2 Design Specification of LED Growth Light
3.2.1 Design of LED circuit using MOSFET
3.2.2 MOSFET as Switch and Fixing the LED power
3.3 Design Specification of Auto Irrigation using Soil Moisture Sensor
3.3.1 Block Diagram of Auto Irrigation circuit
3.3.2  Flowchart of Auto Irrigation program
3.3.3 Capacitance Soil Moisture Sensor Work Principle
3.3.4 Calibration for System Testing
3.4 Design Specification of Temperature and Humidity Sensor
3.4.1 Block Diagram of Temperature and Humidity system
3.4.2 DHT11 Temperature and Humidity Sensor Work Principle
35 Design Specification of Micro SD Card Module for Data Logging
3.5.1 Block Diagram of Data Logging System
3.6 Design Specification of Real Time Clock
3.7 Design Specification of Solar Panel as Power Supply Source

3.7.1 Block Diagram of Solar System

15-16
16-17
17-18
19-20
20-21
21-22
22-23

24

25
25
25
25-26
26
26
27
28
28-29
29
30
31
31
31-33
34
35
35-36
36-37
37
37-38



3.7.2 Solar Charger Controller Work Principle
3.8 Tool and Components and requirement for Full system
3.9  Full circuit design of Smart Garden System
3.10  Arduino code to program the Full System

3.11  Chapter Summary

CHAPTER 4: RESULTS AND DISCUSSIONS

4.0  Introduction

4.1  Real Hardware Implementation and Performances
4.1.1 Performances of Full Smart Garden System
4.1.2 Power Consumption on Smart Garden System

4.2  Performances of Plant Health

4.3  Chapter Summary

CHAPTER 5: CONCLUSION AND RECOMENDATIONS
51  Conclusion

5.2  Future Works

REFERENCES

vi

38-39
40-42
43-44
45-49

50

o1
51
51-52
53-55
55-56
56-60
60

61
61-62
63
64-65



TABLE

2.1

3.1
3.2

4.1

LIST OF TABLES

TITLE

Function for growth plant based on type of light color

Step to calibrate soil moisture sensor

Materials needed for implement full smart garden system

Estimation on Power Consumption for all part system

Vii

PAGE

11

31
42

56



FIGURE
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9

2.10

3.1
3.2
3.3
3.4
3.5

3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15

LIST OF FIGURES

TITLE
Conventional System of Smart Garden
The color spectrum contains in sunlight
The blue and red light needed in Chlorophyll Absorption (Photosynthesis)
Wavelength at PAR
Relationship between PPF and PPFD
Comparison irrigation technology
Soil Moisture Sensor
Example of Monitoring System to Plant
Humidity Sensor Interface with Arduino microcontroller

Solar Structure

MOSFET component and its block diagram

Block diagram of Auto Irrigation interface

Flowchart of auto irrigation program

Capacitance Soil Moisture Sensor

Block diagram of monitoring ventilation based on Temperature and
Humidity Sensor

DHT11 component structure

SD and micro-SD module

Data logging using micro-SD module with Arduino interface
RTC DS1302 module

Block diagram of solar system

Solar Charger Controller

Design Circuit that interface with Arduino

Design Circuit for LED System

Design Circuit for Solar System

Arduino code to program the smart garden system

viii

PAGE

10
13
14
16
16
18
21
23

27
28
29
30
32

34
35
35
37
37
39
43
44
44
45-49



4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10

Implementation circuit of Smart Garden System

Housing for the plant includes a circuit system and piping

Control chart of Air Temperature, °C from DHT11 Sensor

Control chart of Humidity, % from DHT11 Sensor

Control chart of Soil Moisture, % from Soil Moisture Sensor
Line-graph of Tree Height among 4 type of LED color spectrum
Line-graph of number of leaves among 4 types of LED color spectrum
Line-graph of length of leaves among 4 types of LED color spectrum
Line-graph of width of leaves among 4 types of LED color spectrum

Texture surface of leaves among 4 types of LED color spectrum

51
52
53
54
54
57
57
58
58
59



CHAPTER 1

INTRODUCTION

1.0 Introduction

In this chapter, we will describe information regarding the use of tree plant technology,
the basics of Arduino, project background, project problem statement, objectives to be found

in this project, project scope, and thesis organization.

1.1 Background of Project

It is not as simple as one might imagine to create a plant. Heat, soil moisture, the
demand for irradiation or the intensity of light employed, and other elements all have an
effect on the growth of the plant. Numerous scientists are now working on more advanced
agricultural technology systems as a result of this. One of the devices in use is electronic
technology. A Smart Garden system, which is an automatic watering device that is controlled
by soil moisture, is one of the most recent advancements in agricultural technology to emerge
from the field of electronics. This technology is based on the soil moisture level, which
means that if the soil is dry, this tool will automatically water the plants, and if the humidity
is sufficient, this tool will automatically close. The development of instruments to aid and
promote human work, such as guessing or measuring soil quality or plant water
requirements, is one strategy to resolve this issue. Soil moisture values may be determined

more accurately and efficiently with the help of this smart garden system.



The next step is to replace natural sunshine with LED lighting for plant growth. Plant
light or growth light is an artificial light source. The purpose of employing electric light
bulbs is to encourage the growth of plant life. With this technology, scientists want to create
an electromagnetic spectrum that is favourable to photosynthesis. Growth light is utilised
when natural light (sunlight) is insufficient or when more light is required. As an example,
in a place that experiences winter and receives less sunshine, which is less desirable for plant
growth, growth lights can be utilised to offer additional light to a plant. Research and analysis
conducted by scientists and arborists has revealed that the light used on plants has specific

features.

1.2 Objectives

The objective of the study in this project is to test the level of effectiveness of the way
of growing and caring for crops using current technology compared to traditional crops.

Therefore, the main objectives of this project are:

I.  Tostudy and verify the effectiveness of four type LED color which is red, blue,
ultraviolet and white that will be used as a source in the process of tree
photosynthesis.

Il.  To create automatic control system that can measure the parameter related to
agriculture without implementation internet of things due to lack of internet
affordability.

I1l.  To verify the use of electronic technology on crops can help in terms of tree
growth, efficiency in time and manpower, and affordability of the equipment

or components used.



1.3 Problem Statement

Tree planting technology can improve the quality of crops which can contribute to the
greenery of the environment and can also prevent plant extinction. But as we have seen, at
the moment the weather is extremely erratic. Therefore, the processing of light from solar
sources in the process of photosynthesis must be transformed into a more systemic and
harmless mechanism for plants. Therefore, this solution can be implemented with the current
lighting technology that is Light Emitted Diode (LED). The use of LED systems for lighting
has actually been implemented by some gardeners or scientists but the selection of the light
spectrum and inaccurate brightness makes the plants not grow or stunted. So, for solution
and enlightenment, this project will study and analyze crop data using proper spectral light

by creating light systems as well as related crop control systems.



1.4 Scope of Project

As various weather elements have also allowed for major changes in crops, the project
will develop a control system and data collection to streamline the cropping process. First,
the Arduino Nano will be chosen as the main configuration because it is capable of
integrating drive components as well as controllers with easy -to -understand language chess.
Therefore, there are several systems that will be controlled by this Arduino that can help the
crop process, including soil moisture control system, temperature and humidity control
system, plant data storage system and solar energy system. Therefore, all these systems will
be set up without the use of internet technology now as smart systems crop using the internet
of things. This is because to solve the lack of internet resources. Going back to all the systems
in this project, in a nutshell, Arduino will programme sensors such as soil moisture sensors
to detect soil moisture that will control water pump motors, temperature and humidity
sensors for the purpose of controlling ventilation around crop areas, and finally as a platform
for transmitter and receiver the data plant. Furthermore, a lighting system using high power
LEDs without Arduino will be built as well. This project has also shifted the focus from
outdoor cultivation towards indoor cultivation, where one can cultivate regardless of the

space available.



CHAPTER 2

LITERATURE REVIEW

2.0 Introduction

This chapter describes in more detail the previous topics and literature review related
to the main system that will be used in this project, which is an irrigation system. In addition,
it covers the development of smart gardens over time, the use of light types in agriculture as

well as solar functions for storing energy.

2.1 Information to Smart Garden

Smart gardens may be grouped into two sections: indoor and outdoor. Plant
development is impacted by a range of elements that aren't usually connected to whether the
plant is inside or outside. Plants require a few essential conditions to grow. Water, nutrients,
light, and carbon dioxide are all required. A human can supply water to a plant whether it is
maintained inside or outside, although being outside is preferred because water is not a
precious resource. The same is true of nutrition. Plants obtain their nutrients from the soil
they are planted in. Thus, if a farmer prepares by planting with appropriate fertilizer, the
plant should be healthy whether it is inside or outdoors. When you contemplate how big the
plant will grow, you're bound to run into difficulty. Because plants require sunshine to thrive,
it looks like they should be maintained outside, but if you are prepared to acquire specialized
light bulbs that resemble the sun, you may keep the plant indoors. Plants can also be stored
near a window, but keep in mind that the sun may not shine through the glass all day. Finally,

plants require carbon dioxide, a gas found in the environment, to grow. While carbon dioxide



may be found everywhere, it is more concentrated inside dwellings than outside. This is

because humans create carbon dioxide by breathing, and much of it is confined indoors.

2.1.1 Type of Smart Garden

The most prevalent smart garden-related primary system presently is irrigation.

There are several va

riations or ways to regulate the water via mechanical or electrical

systems to feed the plant. The reason why the irrigation system has to be monitored is

because it avoids water waste and wants to maintain the soil's sustained wetness, so

that the plants may develop extremely healthily. According to (Al-Omary, AlSabbagh

and Al-Rizzo, 2018), garden irrigation may be converted from manual and static to

smart and dynamic

by automating the monitoring process. This results in better

comfort, more efficient water consumption, and less human oversight. Soil moisture

can modify the watering requirements of a plant. Measuring plant soil moisture tells

you if the plant is appropriately watered, overwatered, or underwatered.
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Figure 2.1: Conventional System of Smart Garden



2.2 Light of LED Imitate from Sunlight in Agriculture

Light supplementation can enhance agricultural productivity by increasing
photosynthesis and plant development. On the other hand, high energy costs associated with
light supplementation are a key barrier restricting the growth and advancement of controlled-
environment farming. LEDs are a promising technology with huge promise for improving
irradiance efficiency and replacing traditional horticulture lighting. LEDs provide notable
benefits over traditional crop light sources (e.g. high-pressure sodium lamps and metal halide
lamps), such as compact size, extended life and high photoelectric conversion

efficiency,(Bian et al., 2018).

2.2.1  Introduction to Light Emitting Diode (LED)

In 1962, Nick Holonyak Jr. ("the father of a diode of light-emitting") designed
the first LED which, while at General Electric, created visible red light. The term
"LED" refers to a light source that generates light when current flows through a
semiconductor. Electrons recombine with electron holes in the semiconductor to emit
energy in the form of photons. The energy required for electrons to pass the
semiconductor band gap determines the hue of light (equivalent to photon energy).
White light is produced by combining numerous semiconductors or by coating the
semiconductor with a phosphorous layer. The early LEDs were discovered to emit very
little infrared (IR) light. Convenient electrical components are available. Remote
control circuits employ infrared LEDs, similar to those used in a broad variety of
consumer gadgets. The original visible-light LEDs were low-intensity and confined to
the colour red. Modern LEDs are available in the visible, ultraviolet (UV), and infrared

spectrums.



2.2.2  Grow Light

The Russian botanist, Andrei Famintsyn, used artificial light for plant cultivation
and study (1868). His dedication to photosynthesis and metabolism. He was the first
to employ artificial light to cultivate and investigate plants (1868). Famintsyn proved
that plant conversion and starch production may occur under artificial illumination.
Definition Growth Light is an artificial light type used to stimulate plant development.
Growing lights either strive to duplicate the sun's light spectrum or have a spectrum
better suited to the demands of the plants being grown. Changing the growing light's
hue, temperature, and spectrum emissions, as well as the lamp intensity, replicates
outdoor circumstances. Certain spectrum ranges, luminous efficiency and colour
temperature are ideal for usage in specific plants and periods based on the type of plant
being cultivated, the stage of culture (e.g., germination/vegetative or flowering/fruiting

phase) and the photoperiod required by the plants.

2.2.3  Color Spectrum of Sunlight

(Pavlis, 2017) , Plants are genetically wired to develop in the presence of white
or yellowish-white light, which humans characterize as sunshine. This light seems
white because it includes all of the colours of the rainbow, and when the colours of the
rainbow are mixed, the result is the colour of white. A colour spectrum is a graphical
depiction of all of the colours that may be seen while light is shining. In science, hues
are referred to by wavelength numbers rather than names because it is a far more
precise way of quantifying the colors. For example, the wavelength of a red colour
might be 630 or 660 nanometers. Although both of these appear to be red to us, they

are not.



When using fluorescent bulbs in a growing light, the hue of the bulb is referred
to as cold white (which contains bluer) or warm white (which contains less blue)
(which contains redder). However, although this was effective for fluorescent lights,
it did not work as well for LED lights. When discussing LEDs, it is more appropriate
to utilize wavelengths and represent the full colour spectrum rather than just the visible

spectrum.

Wavelenth

violet 380-450 nm

blue 450-495 nm
green 495-570 nm
yellow 570-590 nm
orange 590-620 nm

Figure 2.2: The color spectrum contains in sunlight

2.2.4  Theory to Choose Best Color Spectrum for Plants

Based (Pavlis, 2017) also, plants are mostly utilised for photosynthesis, which is
accomplished via the use of light, and certain chemicals are produced in the leaves.
Chlorophyll A and B are only a few examples of the most significant compounds in
the environment. There are distinct spikes in the blue and red portions of the absorption
spectrum (which measures how much light is absorbed), indicating that these colours
will be used for photosynthesis. Almost no light is absorbed in the green wavelength
band. Thus, the incorrect conclusion was reached that only blue and red lights are

required by plants.
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