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Abstract: This paper focuses on the use of modern irrigation method with the ability
to monitor moisture of soil as irrigation process affect the crops yield production. For
this paper, the work is aim to design an irrigation monitoring system on ThingSpeak
integrating with the solar energy to allow the user in observing the data collected by
Soil Moisture Sensor and DHT11 on ThingSpeak. The ESP8266 Wi-Fi module being
used to allow the system connect with internet. This work employed gate driver
connected with buck converter for controlling DC motor water pump through
adjusting the PWM sequence using push button to control speed of water flow during
irrigation process when the level of soil moisture below from set value. PWM charge
controller connect with solar panel used for charge battery for supply power to the
system and give power source to buck converter. The data presented on ThingSpeak
is visualized in a line graph with collected values which is temperature (°C) and
humidity (%) from DHT11 and soil moisture (%) from Soil Moisture Sensor. It is
concluded that the hardware design able to perform irrigation process using solar
energy and the data collected by sensors can be monitored through Internet of Things
(1oT) platform. In future, install the water level sensor for filling the water tank
automatically will help to reduce user workloads. Further, possible attempt to allow
the private Wi-Fi connect with the system should be study to build the system in
bigger scale.
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1. Introduction

Irrigation method important for farming purposes as it controlled the amount of water supply to the
crops. The process of irrigation effects the growth and yields production which can lead to over watering
and vice versa. Non effective method leads the crops to wilt and die as the farmers will do irrigation
process based on their time schedule or with using a timer method without monitoring the amount of
water in the soils. As the method used not able to measure soil moisture, it can lead to overwatering
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which the wastage of water will be caused over moisture in soils that can expose the fungal formation
to the plants [1].

Modern irrigation technology using DC motor water pump cause high operating cost, especially
during hot weather as the energy used during motor starting is higher than the rated voltage value and
the DC motor water pump needs to on and off repeatedly. By integrating the solar panel into the system,
the operating cost can be reduced as solar energy is a single most abundant resources with carbon-free
despite can reduce the pollution rate [2]. The solar energy is converted into electrical energy to supply
power to the system and can avoid the usage of conventional energy. The generated energy from solar
panel can be stored in the battery for backup supply during cloudy days or night besides, can be used
for DC or AC applications [3].

Through the growth in technology, Internet of Things (IoT) platform become popular which can
help the community in working purposes. This system used a ThingSpeak to enable the data collected
by Soil Moisture Sensor and DHT11 monitored by user and used ESP8266 Wi-Fi module help to
connect the system with internet connection. ThingSpeak is an open-source interface with APl Keys
that listens to incoming data an interpret them in real-time data to present the output through visual
graphs [4]. ThingSpeak channel is a crucial part where the data collected by sensor is placed and hence,
the data transmission only happens with using the WriteAPIKey in the system codes [5].

DC motor water pump used in the system to supply the water to the crops during irrigation process.
The range of operating voltage for the DC motor water pump being used is below the voltage value
generate by the solar panel. To avoid the DC motor water pump received overvoltage, gate driver and
buck converter being applied into the system to enable the DC motor water pump operates in the range
of its voltage rating. The PWM circuit embedded to the system for DC motor water pump drive at
consistent speed. PWM works in driven DC motor with series on and off pulse [6]. Hence, by adjusting
the duty cycle, the DC motor speed can be varying and flowrate of water in the system can be controlled.
Arduino UNO is used as a microcontroller in the system as the microcontroller is needed to generate
PWM signal for speed control DC motor [7].

In this paper, the DC motor water pump is powered by the solar energy to operates based on the
Soil Moisture Sensor values. The DC motor water pump can be controlled by adjusting the duty cycle
while it connected to the gate driver and buck converter. This system uploads the data collected by the
sensors in the ThingSpeak for user to monitor the value of temperature (°C), humidity (%), and soil
moisture (%) hence, the crops not faced the over watering or under watering which can lead to wit and
die.

2. Materials and Methods

The water pump system method used in plantation includes advanced irrigation features like
Arduino UNO, ESP8266 Wi-Fi module, and ThingSpeak. Figure 1 shows the Arduino connected to the
DHT11, Soil Moisture Sensor and ESP8266 Wi-Fi module to enable the data from sensors to upload to
the ThingSpeak for user monitoring purposes. The gate driver with buck converter connected to
Arduino UNO to control the DC motor water pump speed. Solar panel connected to PWM charge
controller to stored energy in battery and supply voltage to buck converter and system.
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Figure 1: Block diagram of the system
2.1 Development Process Flowchart

The flowchart of the development process of the Water Pump System with Irrigation Monitoring
on ThingSpeak allows the hardware to be developed in the correct sequence and situation. Figure 2 is a
flowchart of the system development which consists of three phases. Phase 1 is a power supply part in
which the solar energy is connected to the PWM charge controller and battery for supplying the DC
source to the system. Phase 2 is related to the sensors being used in the system and with Arduino UNO
communication features, the collected data will be transmitted to ThingSpeak for user monitor. Phase
3isagate driver and buck converter linked to a DC motor water pump for it operates insufficient voltage
supply when the soil moisture is below 30%. The DC motor water pump operates depending on duty

cycle adjustment by pressing the switch.
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Figure 2: Flowchart of system development
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2.2 Calibration of Soil Moisture Sensor

Soil Moisture Sensor is used to measure the soil moisture and the data is monitored by users
through ThingSpeak. The working performance of the sensor is different based on its sensitiveness
towards the types of soil being used and the environment at the plants being located. The type of sensor
measures the volumetric water content which is the volume of liquid water per volume of soil represent
in percentage. The calibration is conducted in a closed environment using the same types of soil and
apply ratio method by manipulates the quantity of water and soils at the specific amount (Figure 3). The
sensor being connected to Arduino UNO (Figure 4) and set in analog mood to get the output value in 0
—1023. By using Arduino IDE, Eq. 1[8] is used in the codes to get the soil moisture values in percentage.

Moisture Percentage (%) = [100 — ((%) X 100)] Eqg. 1

Resistor 220 Ohm =

-------------------- : Soil Moisture Sensor

Breadboard

Figure 3: Sensor calibration setup Figure 4: Connection of sensor and arduino UNO

2.3 Gate Driver and Buck Converter with PWM for Control DC Motor Water Pump

DC motor water pump can be controlled to produce a constant flow rate while irrigation process
happened. The voltage rating of the Dc motor water pump used in the system is 4.4V to 12V. The buck
converter is used to step down the voltage from the solar panel to avoid DC motor receiving overvoltage.
Figure 5 shows a block diagram of the gate driver connected between Arduino UNO and buck converter
to avoid the microcontroller damage by receiving overvoltage from the solar panel. Hence, the
connection of the gate driver and buck converter is shown in Figure 6. Further, the motor speed can be
varied by adjusting the duty cycle by pressing the push button which is linked with the PWM connection
(Figure 7).

Input Source DC-DCConverter | DCMotor
Vpe =12V (Buck Converter) (water pump)
A
Gate Driver

A

Microcontroller
(Arduino Uno)

Figure 5: Block diagram of gate driver

303



Fatin Najiha et al., Evolution in Electrical and Electronic Engineering Vol. 3 No. 1 (2022) p. 300-308

4

Buck Converter

Figure 6: Connection of gate driver and buck Figure 7: PWM circuit connection
converter

2.4 Upload Data from DHT11 and Soil Moisture Sensor to ThingSpeak

Two types of sensors are used in the system which are DHT11 to measure temperature (°C) and
humidity (%) and Soil Moisture Sensor to measure soil moisture (%). Both sensors are connected to
the Arduino UNO and the data is sent to ThingSpeak. By connecting the Wi-Fi module ESP8266 to
Arduino UNO it caused the system to connect with the internet and be able to communicate with
ThingSpeak. Figure 8 shows the connections of sensors and ESP8266 Wi-Fi module to Arduino UNO.
To monitor the data on ThingSpeak, creating the account and channel is crucial for it to visualize the
data measured from sensors. The data also can be monitored through the smartphone by installing
ThingSpeak widget. Figure 9 shows the ThingSpeak page to set up channel and widget setting page on
the smartphone.

r

Soil Moisture Sensor %

¢

e®

Figure 8: Sensors and ESP8266 connection to arduino uno
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Figure 9: ThingSpeak channel and widget in smartphone setup

304



Fatin Najiha et al., Evolution in Electrical and Electronic Engineering Vol. 3 No. 1 (2022) p. 300-308

2.5 Solar Panel and Battery Sizing

The solar water pump system conducted in closed environment and small scale. A single prototype
of the system being develop which require some calculation to identify the solar panel and battery sizing
in order to make the system operates well. To find the solar panel and battery size, the energy
consumption in hours (Wh), Eg.2 need to be calculated first. Few values needed in the calculation being
estimated as the system is conducted in very small scale. With the value of energy consumption in hours
(Wh), battery size (Ah) can be decided with using Eq.3 and solar panel sizing (W) using Eq.4. The full
sunshine estimated to appear in four hours starting 11.00 a.m till 3.00p.m.

Load X Hour(Wh) = DC motor power (watt) X hours Eq. 2

Load xHour(Wh)

Battery Size(Ah) = Battery Volt (7)

Eq. 3

Load xHour(Wh)
4 hours (estimate full sunshine)

Solar Panel Generation (W) = Eq. 4

3. Results and Discussion

The results obtained in this development of solar water pump system are analyzed and explained in
this section. The system being analyzed by conducting circuit test in laboratory and calibration of the
equipment with writing coding in Arduino IDE. A few conventional methods also used in calculating
the solar panel and battery size using related formula.

3.1 Data Analysis from Soil Moisture Sensor Calibration

Based on data collected during the calibration of Soil Moisture Sensor in Table 1, the sensor
sensitiveness is depending on the soil condition. Through the ratio method in calibration the sensor,
when the sensor located in soil only, the percentage of moisture is in range 33% while in water is 83%.
The result showed in the Table 1 prove that the sensor is function well as the soil moisture percentage
is higher when located in the soil which have equal amount of water. From the results, sensor reading
in 3 soils:3 water is higher which is in range 77% than 3 soil:1 water and vice versa which in range
76%. The sensor is more accurate when located into the soils with contain water as it functions to
measure the volumetric water content which is the volume of liquid water per volume of soil.

Table 1: Calibration of soil moisture sensor data

TEST 1 2 3
RATIO Percentage of soil moisture sensor (%)
Soil only 33.43 33.53 33.43
3 soils:1 water 66.47 73.02 69.31
3 soils:2 waters 77.13 74.19 76.05
3 soils:3 waters 77.42 77.71 77.91
1 soil:3 waters 76.74 76.54 76.54
2 soils:3 waters 77.71 76.54 76.93
Water only 82.01 82.40 83.19

3.2 Gate Driver and Buck Converter Output Measurement in Laboratory Test

This solar water pump system used gate driver to isolate the Arduino UNO from directly connect
to the solar panel to avoid the microcontroller damage because of overvoltage. The gate driver
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developed in this system is connected to the buck converter circuit. Figure 10 shows the results of buck
converter which the output voltage is being reduced from 9.3V to 7.55V when the duty cycle 75%. This
result met with the function of buck converter which is to step down the voltage. The signal display on
the oscilloscope shows the output waveform from the gate driver output as the input connected to the
PWM circuit with Arduino UNO. The gate driver operates correctly where the signal output is in square
waveform. Also, by regulates the duty cycle by press the push button in PWM circuit, the buck converter
voltage output is change and motor speed can be controlled.

Figure 10: Output measured from gate diver and buck converter
3.3 DHT11 and Soil Moisture Sensor Output Data on ThingSpeak

The use of ThingSpeak platform in the system enable the user to keep monitoring the output data
measured by the sensors. By connecting the ESP8266 Wi-Fi module to Arduino UNO, output data from
sensors can be upload to ThingSpeak will be visualized in line graph pattern and each point has its own
values, (Figure 11 — 13). Figure 11 and 12 show DHT11 output where the current temperature value is
27°C and humidity is 95% while, Figure 13 shows the Soil Moisture Sensor output which the current
soil moisture value is 37.34%. Further, by install ThingSpeak widget in smartphone, the status of current
output data can be monitored through smartphone. Figure 14 shows the sensors output value displayed
in smartphone home screen.
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Figure 11: Temperature value recorded in
ThingSpeak

Figure 12: Humidity recorded value in
ThingSpeak
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Figure 13: Soil moisture value recorded in Figure 14: Sensors values display in
ThingSpeak smartphone ThingSpeak widget

3.4 Calculation Results of Solar Panel and Battery Sizing

Table 2 shows the results from the calculation with using formula Eq. 2 for energy consumption in
hours and Eq. 3 for electrically charged, q for deciding battery size. DC water pump system being
assumed to operate in two days if solar panel is disconnected. Hence, battery with can last longer for
two days should be installed in the system for backup supply purposes. With using Eqg. 5, the results of
energy consumption, E is 10Wh and using Eq. 6 the electric charged, q is 0.88A. Besides, the calculation
of the results to determine solar panel size shown in Table 3. From Eq. 7, by assuming the full sunshine
is 4 hours, the solar panel should be can generates 2.5W. Based on the calculation results, 12V 2200Ah
battery and 5W solar panel is used in the system.

E = (5watt X 1 hour) X 2days Eqg.5

q = o Eq. 6
Table 2: Energy consumed in hours, e and electric charged, g calculation
Energy Consumed by Battery, E Electric Charged, g
E =10Wh q = 0.884 (12V, 2.2Ah battery selected)
= thows  EGT
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Table 3: Estimated solar panel generation can used in the system

Solar Panel Generation, W

W = 2.5W (5watt solar panel connected)

4. Conclusion

Overall, the design of a solar water pump system using an electrical source generates from the solar
panel is able to do the irrigation process with a constant flow rate of water as the motor speed can be
controlled. Further, the system also allow user to monitor the data measured by the sensors through
ThingSpeak platform either in the website or smartphone. Those data presented in a useful format which
is in graph line pattern for easy understanding. However, the system faced a few limitations which is
without the internet connection the data cannot be sent to ThingSpeak and hence, the system only
suitable applied in a closed environment with an intranet connection. The system also is not flexible for
the private internet connection, the further study should be done regarding making the system connect
with a private internet connection.
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