Research Article

[]
guwnm OF ENGINEERING SCIENCES

GAZI

Gazil

JOURNAL OF ENGINEERING SCIENCES

Keywords: Irrigation system, Energy
efficiency, DC-DC boost converter,
Automatic Control, Solar cell, PV,

Development of an Automatic PV-Battery Powered
Water Irrigation System with Arduino Software for
Agricultural Activities

Theodore Azemtsop Manfo***, Mustafa Ergin Sahin®
Submitted: 28.03.2024 Revised: 16.07.2024 Accepted: 17.07.2024 doi:10.30855/gmbd.0705A07

ABSTRACT

Irrigation is the artificial application of water to soil through tubes, pumps, and sprays, used when
natural sources and rain are insufficient, irregular, dry, or drought-prone areas. This study proposes
a drip irrigation-based solar-powered system for home grown plants and greenhouse gardens,
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system employs drip irrigation to pump water through pipes using a DC motor. The automated
irrigation system utilizes a boost DC-DC switching converter, to step up input voltage and increase
the output voltage, enabling remote monitoring of humidity, water, and energy consumption in
flowerpots. The converter achieves significant step-up voltage gain with a suitable duty ratio and
minimal voltage stress on the power switches. It is an off-grid automatic control system that
operates independently of human intervention. The system utilizes a boost converter to indirectly
optimize the power of two series-connected PV cells, increasing overall efficiency.

Tarimsal Faaliyetlere Yonelik Arduino Yazilimi ile
Otomatik PV ve Akii ile Beslenen Su Sulama
Sisteminin Gelistirilmesi

0 Y4

Sulama, dogal kaynaklarin ve yagmurun yetersiz oldugu, diizensiz, kuru veya kurakliga yatkin
bolgelerde kullanilan suyun tiipler, pompalar ve spreyler araciliiyla topraga yapay olarak
uygulanmasidir. Bu ¢aligma, evde yetistirilen bitkiler ve sera bahgeleri i¢in elektrik titketimi igin
glines enerjisinden yararlanan, damla sulama bazli giines enerjisiyle calisan bir sistem
onermektedir. Sistem, mahsullere su ve besin saglamak, optimum biiyiimeyi saglamak ve su, giibre,
enerji ve bitki koruma iriinleri gibi kaynaklari korumak i¢in oldukga verimlidir. Bir su deposu, bitki
nem seviyelerini tespit etmek ve bir su motoru ve sensor araciliiyla bitkilere su saglamak i¢in bir
Arduino ATmega328 mikroislemcisini kullanmaktadir. Sistem, bir DC motor kullanarak
borulardan su pompalamak i¢in damlama sulama yontemini kullanmaktadir. Otomatik sulama
sistemi, giris voltaji yiikseltmek ve ¢ikis voltajimi artirmak igin bir DC-DC anahtarlama
donistirtictsini kullanir ve saksilardaki nem, su ve enerji titkketiminin uzaktan izlenmesine olanak
tanir. Doniigtiiriicii, uygun bir gorev orani ve gili¢ anahtarlari izerindeki minimum voltaj stresi ile
6nemli miktarda artan voltaj kazanci elde etmektedir. $ebekeden bagimsiz, insan miidahalesinden
bagimsiz ¢alisan otomatik kontrol sistemidir. Sistem, seri bagli iki PV hiicresinin giiciinii dolayli
olarak optimize etmek ve genel verimliligi artirmak i¢in bir destek doniistiiriicii kullanmaktadir.
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1. Introduction

Irrigation is the artificial application of water to the soil using various technologies such as pumps, tubes, and
sprays. Irrigation is usually necessary in locations with irregular rainfall, during dry spells, or where
dehydration is widespread [1]. Water for irrigation comes from various sources, including underground water
from wells or springs, surface water from lakes and rivers, and water from other sources, such as treated
wastewater or desalinated seawater [2]. There are two sorts of current irrigation techniques: traditional
irrigation methodologies and intelligent irrigation methodologies. Traditional irrigation systems include
surface, drip, and sprinkler irrigation [3]. Irrigation planning takes into account when and how much water
should be applied to plants [4]. The management practices with the greatest impact are determined by the
kind and design of the irrigation system. Several well-known challenges impact how far the irrigation system
succeeds, such as determining when to irrigate the land, the appropriate amount of water, and the ability to
improve efficiency [5].

Energy supply is a critical component in the growth of any society [6-8]. Today, the fast-expanding energy
demand needs a restricted usage of fossil fuels [9]. The sun, our everlasting power source, continues to heat
and illuminate our world on the other side [10]. Solar energy is a popular and cost-effective renewable energy
source. The amount of energy produced by solar cells is significantly influenced by weather and solar radiation
[11]. Renewable energy sources and their application have become increasingly vital to humanity over the last
few decades[12]. Photovoltaic generating, among renewable energies, is a particularly promising technology
for electrical energy production because of its environmentally favorable and flexible operation[13]. Many
architects, designers, and manufacturers throughout the world are looking into photovoltaics (PV) as a long-
term energy source [14]. The smart irrigation system is made up of several technologies, including battery
and sensor, automatic control, and computer technology. Researchers are paying a lot of attention to the rapid
development of Li-ion battery technology [15]. Sustainable energy sources fluctuate throughout the day,
necessitating the use of suitable energy storage technology like batteries for electricity production[16].
Conventional energy storage systems like batteries face challenges like drowsy charging and limited
lifespan[17]. PV systems use batteries to store excess energy, a growing concern due to increasing energy
consumption[18]. Automation and control systems are crucial for facilitating lives. Water needs for plants
are influenced by factors like rain, temperature, and wind, making efficient use of agricultural water
increasingly important [19].

Proper irrigation systems in agriculture are essential for yield and water scarcity, with traditional drip
irrigation reducing soil humidity stress but applying undetermined amounts of water. Occasionally, an
excessive amount of water is continuously delivered to the crop, and sometimes too little water is given to the
crop, defeating the system's purpose [20]. One main reason for this is the wasteful waste of water in
agricultural areas due to farmers' lack of knowledge about a sufficient supply of water [21]. Many plants are
extremely sensitive to water levels and require a precise level of water supply for healthy growth; if this is not
met, they may die or grow improperly. Stock farming is an integral part of Turkish agriculture and many
farmers are interested in earning money with meat, milk, and wool [22]. A large proportion of freshwater
resources are used for agricultural irrigation, both in Tlirkiye and around the world [23]. In total, 280 million
hectares of agricultural land are irrigated, which represents 19% of all agricultural land in the world [24].
Developing countries' agriculture economy faces underutilization due to erratic water use, necessitating the
implementation of automatic irrigation systems despite modern techniques like drip and sprinkler irrigation.
Many strategies used in autonomous irrigation systems are detailed in the literature[25-27]. A
microcontroller-based system automates irrigation for small potted plants, improving efficiency and reducing
manual intervention in agriculture during scarce water. A system was developed that detects temperature and
humidity changes in the environment using sensors and controls the pump via a signal sent by the
microcontroller [28]. The planned system was reported to be cost-effective and enabled farmers to irrigate
overnight without the need for physical presence. Taneja and Bhatia created a new autonomous watering
system to save water by combining sensor technology with Arduino [29]. The irrigation network employs a
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dual-tone multi-frequency signaling (DTMF) management system, enabling precise irrigation, spraying, and
parameters via phone commands, minimizing user-requested cessation. A DTMF decoder and controlling
circuit decodes and controls the on-off mode of the associated electrical motor pump [30]. The study
examines the use of photovoltaic-assisted pumping elements in agricultural regions, analyzing water
movement based on dynamic heights and variable water values. As a result of the design, a lifetime cost
analysis for the required height and water amount is performed [31].

Research suggests an embedded technology for remote greenhouse inspection, offering a low-cost online
greenhouse automation design. The temperature and soil moisture levels in a greenhouse region are measured
using a real-time greenhouse automation system, the design variables are checked against the recorded values,
and the collected data is transferred to an embedded web interface for users to view [32].

The automation systems used in greenhouses can be analyzed in two sections; namely, climate control and
the automation of irrigation-fertilization. These systems cover expert systems that generally involve
backwards-feeding or forward-feeding methods [33]. In backward-feeding systems, after the variable is
perceived, the control system is activated while in forward-feeding systems the tendency of change of the
variable is predicted initially and after that, the control system reacts to the relevant tendency [34-36]. All
these processes are conducted by a computer unit which is the brain of the automation where the relevant
programs are loaded.

Barkunan et al. transformed a drip irrigation system into a smart system using a microcontroller, GSM,
sensors, motor, and telephone module, resulting in 41.43% savings compared to the drip irrigation system
[37]. The study by Kiigitksayan analyzes the variation in irrigation applications across different landscape
regions in Ankara district. It reveals that design, construction, scheme, and maintenance methods vary based
on the installation, system, and planning. The chosen irrigation design can enhance water usage and prolong
the life of green parts [38].

The smart irrigation system, as depicted in Figure 1, integrates data acquisition, control, wireless
communication, processing, and problem detection, all of which can be integrated into IoT devices.

Smart Irrigation System

Data Acquisition | [l Fault Detection Data Processing mﬁﬁﬁm ':?”m

Figure 1. Smart irrigation system components [39].

This technology can be adopted on a wide scale for farming reasons, making it much more beneficial. Due to
current conditions and water scarcity, optimal irrigation schedules should be devised, particularly in farms,
to conserve water.

The main idea is to design a cost-effective irrigation system that uses less electrical energy and water which
can be used for the growth of various crops compared to other systems, such as the sprinkler irrigation studied
by Yavuz et al. [40], which requires significant energy consumption. A previous study also found that the
irrigation system consumed 76% of the total energy input in alfalfa production [41]. Water application
methods that use ancient groundwater resources and groundwater extraction were mentioned as reasons for
the high consumption of electrical energy in the study region [41]. Furthermore, Khan et al. [42] examined
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energy inputs under different irrigation systems in Australia for the production of wheat, rice, and barley. To
reduce the environmental footprint of water and energy inputs, the authors recommend improving energy
efficiency and water productivity of crop production.

This work presents an automatic irrigation system that will save more electricity, and water, and increase the
yield of the plant automatically compared to aforementioned systems. The system is tested using solar panel
electricity that improves its outputs, controls the water supply, reduces employee workload, and addresses
soil conditions. The Arduino platform controls a water motor and humidity sensor, ensuring optimal
operation for plant maintenance. The ATmega328 microprocessor detects moisture levels, allowing water to
be pumped. The Arduino triggers when soil moisture decreases, implementing a drip irrigation method. This
smart automated drip irrigation system offers a more practical and economical method to uniformly
distribute water to plants at small and/or large-scale surface areas while saving water and energy. The
automated irrigation system compared to other systems is designed for various plants including vegetables
and many fruits and was tested on agricultural land. The system uses energy from PV solar cells and a battery
to reduce water consumption and improve plant productivity. It features durable Epoxy solar panels, thermal
management products, a DC/DC power converter, a Micro DC 3-6V Submersible Pump, and a humidity
sensor for measuring soil moisture. The drip irrigation method uses a DC motor to pump water through
pipes, detects soil moisture, and processes data using a microcontroller. The motor is automatically started
based on sensor data. The automated system is designed for various plants including vegetables and fruits,
and was tested on agricultural land. The controllers can be programmed to open the valves and begin
irrigation when the volumetric water content reaches a predetermined threshold. The suitable threshold value
varies by soil and vegetation type and ranges from 10 to 40%. The hybrid irrigation system was found to be
environmentally friendly and suitable for use in areas without electricity, as the energy was met by the 3 V PV
cells combined with a relay with a 6 V, 2 Ah Lithium-ion battery. This innovative approach to irrigation has
the potential to revolutionize agricultural practices. It was found that the developed automation-based
irrigation system could prevent human errors while saving labor and time. The studies also have proven this
hybrid system of irrigation improved product yield and quality. The smart irrigation systems integrates PV-
Battery to improve water-use efficiency for sustainable agriculture. It describes how Arduino UNO and
sensory systems efficiently monitor soil conditions, optimize irrigation, and save water using various sensors.
The article highlights the importance of modernizing agricultural techniques, presenting a user-friendly
automated irrigation system that enhances efficiency, data collection, and resource conservation by
automating tasks like watering and temperature control. First, it is a multidisciplinary study involving
Agriculture, Software Engineering, and Electronic Engineering. Furthermore, this is an automatic control
system that operates independently of the grid and functions without human intervention. By using a boost
converter, it regulates the power of two series of PV cells indirectly at the maximum power point to enhance
the efficiency of this system.

2. Materials and Method

2.1. Process description

The setup of the automatic irrigation system was designed as shown in Figure 4 and the elements are explained
in the following sections. Solar panels supply the necessary electrical energy for the self-contained irrigation
system. The drip irrigation method is designed to implement the irrigation process by pumping the water in
the tank through the pipes using a DC motor. The system detects soil moisture and processes the data acquired
by the sensor using a microcontroller, and the process is carried out by turning the DC motor on and off for
a certain amount of time. The irrigation operation is started automatically by starting the motor based on data
from the soil moisture sensor. When the volume of water reaches a set level, the engine is turned off, and the
watering cycle is repeated at certain humidity intervals. The water level sensor controls the amount of water
in the tank. When the tank's water level reaches a predetermined level, a network-connected solenoid valve
opens, allowing the filling process to commence. When the tank's water level reaches a preset level, the valve
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is closed by sensing the water level sensor. The automatic irrigation system consists of a soil moisture sensor,
an Arduino Uno, a solar panel, a charge management circuit, a DC motor, a solenoid valve, and a water level
sensor. This study aims to meet the electricity needs of the system with the help of solar panels. The
specifications of the PV panel, Submersible Mini DC Water Pump, and Soil Moisture Sensor are given in
Table 1.

The soil moisture sensor for Arduino is a compact, user-friendly sensor that measures soil moisture using two
probes. It is designed for Arduino microcontroller boards, allowing easy connection to an analog or digital
input pin for programming purposes. Probes that measure humidity values are immersed in the soil to be
measured during the measurement process. The sensor's reading indicates soil type, with values above 1000
indicating detached or uninhabitable soil, below 600 indicating dry or humid soil, and below 370 indicating
water presence. This irrigation system based on soil moisture was developed to be used for different plants
such as tomatoes, peanuts, soybeans, Strawberries, Chilli, Capsicum, Cabbage, Cauliflower, Onion, Okra,
Brinjal, Bitter Gourd, Ridge Gourd, Cucumber, Peas, Spinach, and pumpkin.

Table 1. The specifications of the PV panel, mini DC water pump, soil moisture sensor, and DC-DC boost converter

Type Parameters Values
Power 3w
Solar Panel Size 145x145mm
Output voltage 12V
Open circuit voltage 13.2V
Operating Voltage 3~6V
Operating Current 130 ~ 220mA
Flow Rate 80 ~ 120 L/H
Maximum Lift 40 ~ 110 mm
Continuous Working Life 500 hours
Driving Mode DC, Magnetic Driving
Material Engineering Plastic
Submersible Mini DC Water Pump Outlet Outside Diameter 7 5mm
Outlet Inside Diameter 5mm
Operating Voltage 3~6V
Operating Current 130 ~ 220mA
Operating voltage 3.3Vto5V
Operating current 20 mA
Soil Moisture Sensor Output Analog & Digital
Dimensions 20mmx15mmx10mm
Weight 10g
Input voltage 12V (9V-22V)
Output voltage 24V
Output current (max) 4A
Output power 96W
Conversion efficiency up to 90%
DC-DC boost converter Soft start time 500mS
Output ripple 80mV (MAX)
Dynamic response rate 5% 200u$
Protection class 1P67
Size 58x40x22mm

2.2 Experimental set-up of the irrigation system

The DC-DC boost converter helps to increase or decrease a direct current (DC) source from any voltage level
to another DC voltage level. The major advantages is that this irrigation system minimizes energy losses and
high efficiency. Figure 2 shows the entire automated hybrid energy source irrigation system. Figure 2 (a)
depicts a functional block diagram of the system and the complete setup with test procedures and
measurements as shown in Figure 2 (b).
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Figure 2. Automated hybrid energy source irrigation system, (a) The water irrigation system's block diagram, (b) Experimental design
and test setup.
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3. Results and Discussions

3.1. Simulations results

The boost converter simulation circuit of the DC-DC respo nse is shown in Figure 3. A boost converter is a
DC/DC power converter that increases the voltage from the source to the load. The duty cycle formula needed
to increase the voltage value at the system's output to the target voltage is shown below. The theoretical
transfer function of the boost converter is given by Equation (1) where D is the duty cycle:

o M

m (1-D)

In this case, the converter is supplying an RC load from a 20 V supply, and the PWM frequency is set to 20
kHz. Run the simulation and look at the waveforms with Scope. Ascertain that the mean value of the load

voltage (V) is extremely near to the theoretical value of:

Vin 10
(1-D) ~ (1-0.5) 20V @

Vour =

In Figure 3, when the MOSFET is at cut-off, the energy stored on the inductor flows through the load(R),
capacitor(C), and diode. In this case:

diy, V;

a L ®)

dVC _ Vout

dt ~ RC )
Considering the equality between equations (3), (4), (5), and (6), the result is as follows:

diy V; Ve

£ =7 D+, 1-D) (5)

dve i V.

ke (1-D) T " RC (6)
The inductance of the coil (L) in the design is given in the equation (7):

R(1—D)?
L RA=D)" o

2f

The circuit can convert a DC voltage to a higher DC voltage. DC-DC converters operate on a coil and
capacitor basis.
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Figure 3. DC-DC boost converter simulation circuit.
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When a voltage of 10 V is applied to the input, the voltage at the output becomes 20 V. A voltage of 20 V is
utilized as a reference as shown in Figure 4. In this design, a MOSFET is used for switching. As it turns off
and on, DC power is stored on the coil, and as the cycle repeats, it is transferred to the capacitor via the coil
each time. It continues until the voltage across the capacitor reaches its maximum value.

15

Voltage[V]
[
S

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time(seconds)

Figure 4. The 20 V reference voltage output signal variation with time.

The step signal is referenced as a minimum of 12 V and a maximum of 24 V of the system. A constant voltage
of 5 V is supplied to its input. After a certain period of fluctuations when the system is started caught the
tension. It is seen as 12 V and 24 V as output as shown in Figure 5. The output voltage is determined by the

coil rating, capacitor rating, and duty cycle of the MOSFET. The system requires increasing the voltage value

at the output to the desired voltage.

25 . .

20

5 — Step
‘ — Output
0 I | I
0 0.2 04 0.6 0.8 1.0 1.2 14 1.6 18 2.0

Time (seconds)

Figure 5. Output signal with step response.

When the inductance value is 47 pH, the current passes over the coil on the system and it has been observed
that the coil works intermittently as shown in Figure 6. A minimum voltage of 12 V and a maximum voltage
of 24 V were used as references. The Inductance voltage demonstrates a discontinuity mode over time. When
the power supply is shut off, the magnetic field collapses and all current in the coil flows to the capacitor.
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Voltage[V] =
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Figure 6. Inductance voltage and current pulsed operation signals.
The applied voltage enables the coil to store the current drawn. A magnetic field is formed on the coil while
the power source is turned on. When the coil value in the system is 4700 uH, the fluctuation on the coil is
shown in Figure 7. The parameter values of the designed system are given in Table 2.

6

4

Voltage[V]
e

-4
PR ERENE NN RN ENENEN RURN RN RN RN RN RN UL Ly uyyguyy
B Bobia
oW
0.213 0.2135 0.214 0.2145 0.215 0.2155 0.216 0.2165

Time(seconds)

Figure 7. Inductance current and voltage signals for continuous mode.

Table 2. Simulation parameters of the designed system.

Parameters Values
Input Voltage (Vy) Ve=5V,10V
Output Voltage (Vour) Vour=12V,20V,24V
Load R=240,47Q
Output Reference Voltage Vi=12V,24V
Coil Value (L) L =470 uH
Capacitor Rating (C) C = 100uF
Switching Element MOSFET
Rectifier Element Power Diode
Controller Parameters (PI) K, =0.01,Ki=5

3.2. Experimental results

The DC-DC boost converter circuit was designed and tested. The DC-DC converter circuit was manufactured
to be transparent and not be affected by any external factors. On the front side of the box, the voltage
adjustment pot, the input and output terminals of the solar panel, and the input and output locations of the
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loads to be supplied were made. Several simulations and circuit analysis programs were used to construct and
test the boost converter circuit on the board. The power supply's input voltage was 6 V. This voltage was
changed using a potentiometer and was raised to a voltage of 10 Volts. A USB connection was built to the
computer to measure the pulse with modulation (PWM) signal, coil current, and output voltage signals. The
signals were measured using a computer oscilloscope.

A digital voltmeter was mounted on the front side to measure the current flowing through the circuit and the
load voltage. To increase the robustness of the box, the perimeter of the box was supported with silicone. The
calibrated DC-DC converter solar panel was then tested in a suitable environment and the completed circuit
was designed. A load was connected to a circuit, and the current was calibrated using a digital voltmeter. The
circuit current was set to 0 A when no load was present and adjusted when a load was connected. The system
was powered by solar panel electricity instead of a voltage source. The boost converter increased the electricity
above 24 V without a load.

The data of the I-V and P-V characteristics of the solar cells connected serially shown in Figure 8 are obtained
using the complete circuit design in Figure 8(b). The error analysis was conducted and showed the error limits
in both figures as error bars with the default of 5% value. The I-V curve of the solar cell shows that the open
circuit voltage of the PV cells is 27 V and the short circuit of the PV cells is 190 mA as shown in Figure 8(a).
The P-V curve of the solar cell shows a 3-watt maximum power for 20 V as shown in Figure 8(b). This
nonlinear voltage is converted to a suitable voltage to charge the 6 V nominal voltage battery. Also, these
curves show that the PV cells with the converter charge the battery during the 4 hours and can charge the 6
V, 2 Ah current battery safely. If the battery is fully charged it can supply the system for a long time without
solar energy.

—— |-V Curve| 3.0 [=——P-V Curve|
0,20 4

2.5+

0.15 4
2.0+

0.10

Current[A]
Power[w]
o
1

0.05 -

0.5

0.00

T T T 0.0
o 5 10 15 20 25 30 0 é lll] "5 2'0 2'5 30
Vaoltage[V] Voltage [V]

() (b)
Figure 8. Solar Cell characteristics. (a) I-V curve of PV cells, (b) P-V curves of PV cells.

3.2.1. Arduino IDE software

The Arduino Uno driver must be manually loaded on your PC via the device manager first. The virtual serial
port number to which the Arduino is connected will be displayed after installing the driver. The program was
designed in C language using the Arduino IDE software. The Arduino Uno is a microcontroller based on the
datasheet for the ATmega328. It has 14 digital inputs and output pins, including 6 pins PWM output and 6
pins clock speed of 16 MHz, a ceramic resonator USB connector, a power jack, an analog input such as a
spreader, and a reset button [43]. It is an open-source microcontroller that is used to control the relay; to
begin, simply connect it to a computer via USB or power it with an AC-to-DC rectifier or battery. It includes
many libraries for interacting with a wide range of devices. The FTDI USB-to-serial driver chip is absent from
the Uno, as is the case with all previous boards. Because the operational numbers on the motor nameplate
range from 5-12 V and 150-300 mA, the input voltage is adjusted to 6 V. The SVR-5 relay is connected
between the power source and the motor to regulate the current flowing through it. The Arduino program
was opened and the codes were written for the coordinated operation of the sensor and motor on Arduino
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software as follows;

Code:
int sensorPin = 9; // Sensor pin
int buzzerPin = 8; //Motor pin
int data; // Humidity sensor reading value
void setup() {
Pinmode (sensorPin, INPUT); // Sensor pin input
Pinmode (rolePIN, OUTPUT); // Motor pin input.
}
void loop() {
Data = digitalRead(sensorPin); // Humidity sensor value
If (data ==True) { // If the humidity value is above the limit
Digitalwrite (buzzerPIN, OPEN);
delay(3000);
Digitalwrite (rolePIN, CLOSE);
delay(3000);
}
Else { // If the humidity value is below the limit
Digitalwrite (rolePIN, OPEN);
}
}

The water engine is responsible for pumping water through pipes at a specific rate. The water motor in the
design works for a set length of time as the soil moisture sensor value and signal it delivers diminish. Figure 9
depicts the details of the Arduino pin for hardware connection.

(" i L

o v :
DIGITAL (PWM o

.__
Sensor pce

Figure 9. Details of Arduino pin for hardware connection [44].

Figure 9 displays the Arduino pins and their hardware connections. The automated function is comprised of
two primary pieces of controlling hardware: the relay module and the DC watering pump. The relay is an
autonomous electric switch that uses an electromagnet to change the switch from OFF to ON or vice versa.
The switch regulates the electric signal sent to the water pump. When the moisture level falls below the
threshold, Arduino sends a signal to the relay module, which immediately opens the way for electricity to run
through the water pump and water the plant. When the system detects a suitable level of water in the soil, the
relay closes the path for power, and the water pump immediately stops pumping water. All of the hardware
will be assembled into Arduino, a microcontroller that will control all of the hardware attached to it and allow
it to function. This project is regarded as a finished prototype that can be utilized and function in everyday
life. The Arduino serves as the system's nerve center, connecting all necessary components. The soil moisture
sensor, which is attached to the Arduino pins (A0, Vin, GND), measures the moisture level in the soil and
delivers it to the Arduino board for processing and decision-making. The Arduino LCD panel (A4, A5, AREF,
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GND) displays the value obtained from the moisture sensor. Simultaneously, the acquired data is delivered to
the relay module, which determines whether to turn on or off the water pump. Simultaneously, the acquired
data is transferred to the relay module coupled with Arduino (5V, GND, 2) to determine whether to turn on
or off the water pump.

3.2.2. Motor, and sensor connection stages

The water motor is powered by a3 V DC voltage. The system employs one relay. With the soil moisture sensor
signal, 3V DC is sent to the motor, current flows via the relay connections, and water begins to be pumped.
After the given time, the contacts' positions become open, and the motor's energy is cut off. 5V input voltage
was applied to the Arduino input. The humidity sensor was connected to the Arduino for testing. Pin 9 on
the Arduino was connected to the sensor. The trigger pin of the Arduino was set to the 8th pin of the Arduino
and the output was received. When the soil moisture value decreases, the Arduino is triggered and signaled
by the sensor. When the humidity sensor is logic 0, the Arduino starts the motor. The running time of the
motor is set to 2 seconds. The connection of the soil moisture sensor with Arduino is given in Figure 10.

Figure 10. Connections of soil moisture sensor with Arduino

Table 3. The comparison of the threshold high temperature measured for major crops at different stages of development.

Crop Threshold temperature (°C) Growth Stage
Cool season pluses 25 Flowering
Wheat 26 Post anthesis
Brassica 29 Flowering
Tomato 30 Emergence
Groundnut 34 Pollen production
Rice 34 Grain yield
Pear Millet 35 Seedling
Corn 38 Grain filling
Cowpea 41 Flowering
Cotton 45 Reproductive

Since the operating values on the motor label are 5-12 V and 150-300 mA, the input voltage was set
to 6 V. To keep the current coming to the motor under control, the SVR-5 relay was connected between the
power supply and the motor. After finishing all the settings, a soil moisture sensor was inserted into the pot.
Water pump motors were placed in the water supply. Soil with a low moisture value was preferred for
observational purposes. Due to the low humidity value, it was seen that the motor pumped water for a given
period with the signal supplied by the humidity sensor to Arduino Uno, and the plant was irrigated in the pot
using the drip irrigation method so that the plant would not be damaged. The suitable threshold value varies
by soil and vegetable. Table 3 shows the comparison of the threshold high temperature for the used crops at
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different stages of development.

4. Conclusion

This study conserved electricity, and water from plants, and investigated healthy watering methods. The plant
is irrigated by drip irrigation based on literature research. Data obtained during the design phase was
compared with findings obtained during the application phase. The design of the solar panel was tested in
various ways to obtain energy. The system utilized solar energy, a humidity sensor, Arduino, and a water
pump motor to control the plant's water needs. The system aimed to save electricity, and water, and
automatically control the irrigation process, ultimately increasing plant productivity. The system uses an
inverter to convert solar energy into DC voltage, controlling water requirements with a humidity sensor, and
a motor to meet water requirements, aiming to save electricity and water. The Arduino-based autonomous
irrigation system combining PV solar panels and batteries, offers a sustainable, accurate, and efficient method
for irrigation, reducing manual labor and improving resource efficiency, while also reusing excess energy for
reuse. The I-V and P-V curves of solar cells connected serially show an open circuit voltage of 27 V and a
short circuit current of 190 mA. The P-V curve reveals a maximum power of 3 watts at 20 V, which is enough
to charge a 6V, 2 Ah current battery for four hours. The design enables remote monitoring of humidity, water,
and energy usage in flowerpots, making it suited for agricultural applications such as greenhouses and farms.
The agriculture-specific sustainable irrigation system has been tested on a variety of crops, including
tomatoes, peanuts, soybeans, strawberries, and more. Additional sensors can be added to monitor
temperature and pressure, which will be subject to further investigations.
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