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ABSTRACT

An automatic irrigation system has been designed to facilitate the automatic
supply of adequate of water from a water tank to plants in gardening area. One of the
objectives of this work is to see how human control could be removed from irrigation
and also to optimize the use of water in the process. The method employed is to
continuously monitor the soil moisture level to decide whether irrigation is needed, and
how much water is needed in the soil using Arduino Uno. A pumping mechanism is
used to deliver the needed amount of water to the soil. The work can be grouped into
five subsystems namely; power supply, sensing unit, control unit, pumping system and
display system which make up the automatic irrigation system. A soil moisture sensor
was used to detect the moisture of the soil and an ultrasonic sensor was used to
determine the level of water in tank; a 9V DC power supply was used to power the
Arduino Uno and an AC power supply was used to power the water pump; the control
circuit was implemented using relay; the pumping system consisting of a submersible
AC water pump was used to pump the water to the plants; and the display system
consisting of LCD was used to display the AC water pump state of condition and the
water level in tank . System response tests were carried out to determine the range and
time taken for the system to irrigate the soil. It is seen that the irrigation in Loamy soil
generally took longer duration than the irrigation than in Sandy soil. The system helps
to eliminate the stress of manual irrigation and irrigation control while at the same time

conserving the available water supply.
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ABBREVIATION

ABBREVIATION DETAILED FACTORS
1IDE Integrated Development Environment
AC - Altematiﬁg Current
pC ' Direct Current

Ampere
v Voltage
’ Waltt

vCC Voltage at Common Collector
GND Ground
LCD Liquid Crystal Display
PWM Pulse Width Modulation
LED Light Emitting Diode

PCB ' Printed Circuit Board
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CHAPTER 1
INTRODUCTION

11 Iﬁtroduction

"Auto Irrigation using Soil Moisture Sensor is a system that provides required

amount of water to irrigate the plants in soil. This system helps to irrigate the plants
i thout human intervention. Soil moisture sensor is used to measure the soil
T Qistu_re level and ultrasonic sensor is used to measure the water level in water tank.
_fi-"hé::ijﬁfbrrnation of water level in water tank and condition of the water pump will
e shown using a Liquid Crystal Display (LCD). This project is generally about
: &éélgmng a relay circuit which uses Arduino Uno programming in order to control

5._'the 1rr1gat10n system.

1. i::Bﬁckground

When it comes to agricultural activities, irrigation in one of the vital process.

fIrrIgatzon system is an essential important element for plant growth. It also one of
-'.'maj or effect in any plant cultivation as it may affect the growth of plants. Irrigation
i ':__égrlculture term is defined as an artificial application of watering of the arable
_'_:jland or soil. Water is most important to our life and we cannot survive without it.

..Watfer also is essential ingredient of plant. An automatic irrigation system helps and
.:':'.'é_ﬁ't.:_':(_):lirage people to take care of their plant easily. With the help of soil moisture
:” ensor it will give water automatically to plant. This system will inspire, engage and

: support people to take their personal responsibility of taking care the environment

; and making it fun and sustainable. This projects will be implementing using Arduino

programmmg language.



13 Problem Statement

“Nowadays, automatic plant irrigator system is commonly applied in agriculture

;.' :spc_l.i-'é_s ‘domestic gardening. In this industry, automatic plant irrigator system
usualiyused to supply water to maintain soil moisture so plants can grow well.
:_j['.fr'_i.fdf'tunately, there are still gardeners or farmers who maintained use manually
watermg technique because not all of them afford to buy the system. Over-watering
'f.fjl.).b's‘;silﬁility would occur if this manual process is still practiced. It will caused the
':'-plants drown if supply too much water for them. Sometime this manual technique
-_-_aIso make the process water late reaches or does not reach the roots of plants and
:--thls_ wﬂl cause the plant get dried. Lack of water can be harmful to the plant or even
: ender it withered. The effect of thls lack of water can also slow down the
..'cess of plant growth and will also affect the light weight of the plants. An

.a’_utpmatlc plant irrigation monitoring system is the good solution to overcome this

: pféblém. This irrigation system is not only provides a good hydration system for
plantbut also provides the controller that allows the user to set their irrigation

system operation.

o 14 Ob_] ective
.ﬁ._(i_)l.lf-_'objective for this project is:

a : _:.'.1“0' design automatic plant irrigator monitoring system to ease the work of people
“that waters the plants manually.

To optimize the use of water efficiently so that future generations won’t have to
face water crisis.

< To constantly monitor the moisture of soil so that sufficient nutrients and

minerals required for the plants can be absorbed.



i..SI_..Research Question

In ‘order to achieve the objectives of this project, the following research
cjtieéﬁbns were summarized in designing an automatic irrigation system using soil

" ‘moisture sensor which optimizes water in an irrigation system.

: a) What methods can be used to irrigate the plants?

;Q b) How to get notified about the condition of the moisture level of soil and the
depth of water in water tank?

¢) What afe the possible methods of controlling an automatic irrigation system?

--d) How to save cost on creating an automatic irrigation system?

1.6 Scope and Limitation

1.6.1 Scope .
This project is a revolution from manual irrigation to automatic irrigation. Soil
~moisture sensor is used to measure the soil moisture level and ultrasonic sensor is
. used to measure the water level in the water tank which is controlled by Arduino

:""-'-Z;”U_no as the microcontroller of the system.

1.6.2 Limitation

~ Soil moisture sensor used only has a detection depth of 40 mm which is suitable
: _:'_fdr limited depth only and also the operating voltage range is 0-5V which cannot

: _Withstand high voltage that can cause component malfunction.

LCD supports maximum of 2 lines and up to 16 characters. This may cause
;_..__-'-'difﬁculties to display more characters in LCD. The operating voltage range of 0-5V

- which cannot withstand high voltage that can cause component malfunction.

Ultrasonic Sensor (HC-SR04) has maximum sensor angle of 15 degrees and the
7 detection distance of 2cm to 450 cm. The operating voltage range of 0-5V which

cannot withstand high voltage that can cause component malfunction.



ArdumoUno R3 which has 14 digital /O pins and 6 analogue input pins which
s __een outnumbered by Arduino Mega with more pins. The operating voltage

_g." of 7 12V which cannot Wlthstand high voltage that can cause component

malfl_;_nc_:tlon.

-AC Water pump produces 15W of power. The frequency range is 50-60 Hz. The
" max1mum finng speed of the water pump is about 800 litres per hour. The maximum

: elght of the water travelled from the water pump is about 1 metre.

Significant
) Todesign low cost automatic plant irrigation.

b) The 'proj ect involves the evolution of manually watering technique to automatic
: Wé_ltéring technique.

C)':-.:'-""I“_hé'controlling of the automatic watering system in a gardening compound.

8 Wﬁrking Principle and Operation

i The automatic irrigation system was designed to contmuously sense the
mmsture level of the soil. The system responds appropriately by watering the soil
Wlth the exact required amount of water and then shuts down the water supply when
:__the required level of soil moisture is achieved. A soil moisture sensor was used to
;'._li_determme the level of moisture in the soil. An ultrasonic sensor was used to
Z"'dg_te_n_mne the water level in the tank by measuring the distance between the
lli_l:lfféll's'onic sensor and the surface of water. The reference level of soil moisture and
Wéter' level in tank content was made to be adjustable using Arduino Coding. A
LCD LMO16L is used to display the moisture level of soil and the water level in
. tank. A mini buzzer is used to indicate the water level in tank by amplifying its
3'_:::5.0{1'1'1(:1 when the water level in tank is low or else remain inactive when the water
'553_'-1¢Vel in tank is high. A submersible low-noise AC water pump was developed to

‘deliver the water to the appropriate parts of the soil (the base of the plants).



_ume of Water required for irrigation per time was computed by considering

he capamty of the water pump and the water channels. The required irrigation time

was: determmed by considering the response time of the water pump and the water

olume requlred per irrigation mstance

In t}ﬁ'_s,_'chaptef, the project background, objectives, research questions, scope &

.11113_1'tdti'dﬁ,: significant and working principle and operation of the system has been



Chapter 2

Literature Research

_ntrodiié"'tion'_'
here are many types of automatic irrigation systems on the market but most of

I s'has 1‘{5 own advantages and dlsadvantages As it can be seen, some systems

éren__types- of components to detect soil moisture. For example, soil moisture

ensoer moduIe was used to detect the soil moisture in Project 1, but two free resistor

ds was used to detect the soil moisture in Project 2. Furthermore, some systems use

typesof microcontroller or microprocessor to control the system. For example,
no: .Uno was used to control the system in Project 1, but IC 4011 was used to
control'the system in Project 2. Different types of automatic irrigation systems have

.SPQ_CIﬁG o_b] ectives based on its requirements.

Concept / Theory
t E}_{Iample 1: Automatic Plant Watering and Soil Moisture Sensing

< 'In this project, soil moisture sensor module is used to measure the soil moisture
16Y61:’Q_Afdﬁiﬂ0 Uno is used as a microcontrolier to control the watering system by using
Ardumo Programming language. The circuit was constructed using Proteus ISIS
Software Transistor is used to control the motor pump of the system. The soil moisture
sensor 1s connected to Arduino Uno. The pump controller circuit board is connected to
Ardumo Uno. Coding using Arduino programming language is uploaded into Arduino
UHO The drip irrigation kit is set up and connected to the pump. The objective of this

p_r_oj éCt is to automatically water the plants when people are not around and to maintain

’Ché_'-:ﬁ_iineral in soil that may lost due irregular watering. One of the advantage of this
pr'(_)'j'ect comes in a complete package form which includes the 5V regulator, a burner,
__ah:bscillator, a micro-controller, serial communication interface, LED and headers for

thé- connections. The library examples present inside the software of Arduino. Next,



automatic unit conversion capability during debugging. The disadvantages of this

project is expensive and small structure.[1]

Orange (A0) - Analog
Green - Gnd
Red {Vcc) - 5V

Figure 2.2(a): Soil moisture sensor module
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Figure 2.2(b): Circuit diagram of Automatic Plant Watering




Project Example 2: Electronic Soil Moisture Sensor

In this project, two free resistor leads is used to detect the soil moisture and a
9V battery as DC power supply. AnIC 4011 is used as the microprocessor of the system.
A LED is used to show the soil moisture. Two free 100k< resistor leads should not
touch each other in the beginning. The LED should be turn on, because the resistance
between the two leads is very high. Next, touch the two free leads directly to each other.
Then, a small pile of dry soil is put on a plate and touch both resistor leads to the soil at
the same time. The LED should turn be turn on, because the resistance of the dry soil is
very high. Few drops of water is added to the dry soil as the soil gets wet. Eventually,
the LED should turn off because the wet soil has a low resistance. The objective of this
project is to design a portable, weatherproof case for a soil moisture sensor circuit and
to monitor the soil moisture at multiple plac‘es in the garden. The advantages of this
project is lightweight, small size, cheap and low power consumption. The disadvantages

of this project is limited power rating, operates at low voltage and large value of

saturation resistance of transistor.[2]

Figure 2.2(c): Circuit connection of Electronic soil moisture sensor



souﬁd_3ji’fbpagation conditions vary from the design or nominal atmospheric

Comp. :

- Ose.
7 v Output
| Transmitter Receiver

Figure 2.3(a): Ultrasonic sensor operation

There are two transducers: one emits an ultrasonic wave and the other picks up

refl ctlons from the different objects in the area. The reflected waves arrive at the

e Verln 'c’_onstant phase if none of the objects in the area are moving. If something
W s"_ifhé_’féé’eived signal is shifted in phase. A phase comparator detects the shifted
C a d .Si_‘:n'ds a triggering pulse to the alarm.[3]



2.3.2 Soil Moisture Sensor

Soil moisture sensor is a device which used to measure a physical quantity and
convert this information into a signal that can be read by the observer or a tool. The
sensor converts one form of energy into another form because the sensor is a transducer.
For this reason, the sensor is categorized according to the type of energy transfer that
they detected. Soil moisture measurement provides very useful information to
agriculture, such as agriculture farm, soil stability, soil moisture and construction
activities. The probe selection for sensor is very important. This is because the material
that used in the probe. Sensor sensitivity is depending on the material that used to
construct the probe and also depends on how the sensor operates. Typically, soil
moisture sensor is based on the resistance value of the soil. Water is a type of electric

conductance. So generally, if the resistance is low, the soil is dry and vice versa.

LM283 Comparater

Output LED

Porentiomezer

Power LED

Figure 2.3(b): Soil Moisture Sensor Module

Gypsum block is a product of the low cost soil moisture monitoring. Their low
cost and ease of interpretation make this block is particularly suitable for seasonal crops.
There are two electrodes embedded in the gypsum block. When gypsum wet, it will
conduct electric easily and when gypsum dry, it is a poor conductor. A pair of electrode
within the block will measure the change in the resistance. It is possible directly using
a pair of electrode measure the resistivity in the soil but the measurement will influence
by changes in soil conductivity brought about by salt and other ingredients. The ion
gypsum provided a buffer against the effects of salt and nutrients. It is very effective for
prevention of salt ions from reaching the electrode and to ensure the sensor is only

responding to moisture level.[4]

10



3.3 Arduino Uno

Arduino Uno is a microcontroller that acts as an interface between a computer
nd the environment (Inputs = sensors, buttons, keypads, etc. Outputs = LEDs, motors,
huzzers etc.) It is an open source hardware and software. Hardware and software specs
are public and anyone can modify and reproduce them. Many Arduino clones exist (e.g.
Freeduino, Seeeduino, Boarduino, etc.). Many different types of Arduino Boards exist,
including Lilypad (used for e-textiles), Nano (small footprint), Uno (easily extensible
with shields), Mega (large number of I/O pins) etc. We’ll use Uno for today’s
workshop.[5]

Figure 2.3(c): Arduino Uno Microcontroller

1. Digital pins Use these pins with digitalRead(), digitalWrite(), and analogWrite(). analogWrite() works only on the
pins with the PWM symbol.

2 Pin13 LED The only actuator built-in to your board. Besides being a handy target for your first blink sketch, this
LED is very useful for debugging.

3. Power LED Indicates that your Genuino is receiving power. Useful for debugging.
4. ATmega microcontroller The heart of your board.

5. Analogin Use these pins with analogRead().

6. GND and 5V pins Use these pins to provide +5V power and ground to your circuits.

7. Power connector This is how you power your Genuino when it's not plugged into a USB port for power. Can
accept voltages between 7-12V.

8.TX and RX LEDs These LEDs indicate communication between your Genuino and your computer. Expect them to
flicker rapidly during sketch upload as well as during serial communication. Useful for debugging.

9. USB port Used for powering your Genuino Uno, uploading your sketches to your Genuino, and for communicating
With your Genuino sketch (via Serial. printin() etc.).

10. Reset button Resets the ATmega microcontroller.

Source: http://arduino.cc/en

i |



A pump is a device that moves fluids (liquids or gases), or sometimes slurries,
echélmcal action. Pumps can be classified into three major groups according to the

me_thod t_hey_ use to move the fluid: direct lift, displacement, and gravity pumps.

| Water pump is a device to transport liquid from one place to another. Small-
ale Water purnp which is effective to lift more discharge is generally used. The ones
at-a é miost preferred are centrifugal types which having low absorbability. Pump
ﬁnce is limited by pressure level in real electrical power whereas pump

g s mﬂuenced by head and discharge.

Figure 2.3(d): AC Water Pump

: submer51ble pump is a device which has a hermetically sealed motor close-

uplee to'the pump body. The whole assembly is submerged in the fluid to be pumped.
he main advantage of this type of pump is that it prevents pump cavitation, a problem
.ted W1th a high elevation difference between pump and the fluid surface.
rs-lblq_pumps push fluid to the surface as opposed to jet pumps having to pull

uids, S:l:_l_b_riiéi“sibles are more efficient than jet pumps.

IeC‘EnC submersible pumps are multistage centrifugal pumps operating in a

1cat pOSI‘uon Liquids, accelerated by the impeller, lose their kinetic energy in the

: _-.Se.f--Whéifé a conversion of kinetic to pressure energy takes place. This is the main

:.1Qn§i1.'m60hanism of radial and mixed flow pumps.[6]

12



is chapter, QQ-I}ggjpt'_/ theory of few projects related to automatic irrigation

'exp_la;_gé_c_l_f m detail. The primary research for the main electronic

were stated as above.

13



CHAPTER 3

METHODOLOGY

”

T te;is’ Design Suite

he .P'_foteus Design Suite is a Windows application for “.schematic capture,
u_l_a_-i‘on and PCB (Printed Circuit Board) layout design. The software is used to
s’éhetﬂéﬁcs and electronic prints for manufacturing printed circuit boards.
.ema_t:ﬁ:_: _éapture in the Proteus Design Suite is used for both the simulation of designs
as: he deSIgn phase of a PCB layout project. It is therefore a core component and is
clud wzth all product configurations. The micro-controller simulation in Proteus
works y:’é.pplying either a hex file or a debug file to the microcontroller part on the
s:ch:em'at&..it is then co-simulated along with any analogue and digital electronics
Q_O_ﬂllectédf_ to it. The PCB Layout module is automatically given connectivity

| O_mnaﬁdri in the form of a netlist from the schematic capture module. It applies this
to_ Is, to assist with error free board design. The 3D Viewer module allows the board

uﬂder development to be viewed in 3D together with a semi-transparent height plane

th t represents the boards enclosure.[7] Components used in Proteus ISIS / ARES

14
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a) Arduino UNO

D

- Ultrasonic Sensor

¢) LM35 (replacement for Soil Moisture Sensor)
) LCD -LMO016L

Buzzer

Relay (GSCLE-1-DC5)

Motor (replacement for AC Water Pump)
Variable resistor / Potentiometer (10k €)
Resistors (56022, 330Q)

Transistor (BC547)

Ground (GND)

Power (5V)

m) T-Block (12, I3) ;

n)

Conn-Sil (2, 3, 4, 6, 8, 10, 18)

- View Edt Tools Dmign Graph Source Debug Library Template System Help
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Figure 3.2(a): Proteus ISIS Design

Figure 3.2(a) shows the schematic circuit design of auto irrigation using soil moisture

Sensor system in Proteus ISIS.
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Figure 3.2(b): Converting ISIS to ARES

Figure 3.2(b) shows the conversion of schematic circuit design of auto irrigation using

soil moisture sensor system for Proteus ISIS to Proteus ARES.
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Figure 3.2(c): Proteus ARES Design

Figure 3.2(c) shows the schematic circuit design of auto irrigation using soil moisture

SEnsor system in Proteus ARES.
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Figure 3.2(d): 3D Visualization (Top View)

% . AEDLL AZIZ
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Figure 3.2(e): 3D Visualization (Bottom View)

are 3.2(d) and Figure 3.2(e) shows the 3D visualization of the top and bottom view
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ys‘terﬁi"isf:_ 'S_t'.ated as below:
de <NewP1ngh>

ude <LiquidCrystal.h>

eiing’ RIGGER_PIN 6 // Arduino pin tied to trigger pin on the ultrasonic sensor.
HO__PIN 5 // Arduino pin tied to echo pin on the ultrasonic sensor.

efine :MAX;Df{STANCE 200 // Maximum distance we want to ping for (in

ete )Maxunum sensor distance is rated at 400-500cm.

n 'songr_(_TRlGGER_?IN, ECHO PIN, MAX_DISTANCE); / NewPing setup

maximum distance.
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+ String(sonar.ping cm()) +" ")
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