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ABSTRACT 
 

Aims: To simulate and construct a solar powered smart irrigation system using Blynk Mobile App. 
Study Design: Experimental design through simulation studies and internet of things. 
Place and Duration of Study: Department of Physics, Nasarawa State University Keffi, Nigeria, 
between July 2021 and March 2022. 
Methodology: The system was simulated using Proteus ISIS Version 8.6. It consists of two main 
units that is transmitter and receiver. The transmitter consists of a sensor circuit that senses the 
soil moisture, humidity and temperature. Then the Node MCU microcontroller collects the data and 
sent to the Blynk Mobile App (Receiver). The circuit was tested at two different conditions of the 
soil; Wet soil and Dry soil. 
Results: Output performance analysis when the water level in soil (Moisture) was high, indicated 
Temperature value 28.3°C, Humidity 72%, and the Pump was OFF. When the water level in soil 
was mild, temperature was 60°C, Humidity 68%, and pump was turned ON. The pump is activated 
to switch ON as far as the water reservoir is having enough water and will switch OFF when the 
required level of moisture in the soil is achieved. The solar power ensured constant power supply, 
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while the Blynk Mobile App ensured real time data monitoring by the Farmer even when he is far 
away from the farm. 
Conclusion: This system is an improve irrigation system that supports low water and electricity 
consumption as well as efficient monitoring for increase farmers’ output. 
 

 
Keywords: Smart irrigation; internet of things; BLYNK mobile app; solar power; simulation; 

construction. 
 

1. INTRODUCTION 
 
Water and food are the basic necessities for 
human survival. Along with several 
environmental concerns and climate change, 
water scarcity and food security are growing 
concern in today’s society. Agricultural practice 
plays a major role in providing food for the 
society and economic development of a country. 
Most agricultural practice depends universally on 
rainfall which is not a dependable source of 
water. Therefore, for farming to take place all 
through the year irrespective of the season there 
is need for an easy and less expensive irrigation 
system to improve conventional agriculture for a 
better productivity [1]. Irrigation is the artificial 
application of water to the soil. It is used to help 
cultivate agricultural crops, gardening, 
landscaping and wetting of dry soil during 
periods of inadequate rainfall or absence of it [2]. 
Irrigation remains the biggest water usage 
globally but also creates a lot of water wastage if 
the water management procedures and practices 
are poorly designed and planned [3]. According 
to Getu and Attia [4] “different methods of 
irrigation developed in early years to ease 
farming during scarcity of rainfall include manual 
application of water, use of flooding by diversion 
of ground water from wells, surface water 
withdrawn from rivers, lakes or reservoirs or from 
non-conventional sources like treated 
wastewater, drainage water or other related 
sources. Some of these methods either make the 
crops consume lots of water or dry them up 
because water could not reach them as at when 
due”. Umeh et al. [5] argued that “such practice 
is inefficient due to non-uniform distribution of 
water for the plants, leaching off soil nutrients 
and fertilizers, erosion due to flooding, loss of 
water from plant surfaces through evaporation, 
water wastage which can result to water scarcity 
in drought areas and production of unhealthy 
crops and weak productivity”. “Appropriate soil 
water level is a necessary pre-requisite for 
optimum plant growth. Also, water being an 
essential element for life sustenance, there is the 
necessity to avoid its undue usage. Automated 
irrigation systems could reduce the use of water 

by making water drips slowly to the roots of the 
plants, either onto the surface of the soil or 
directly onto the root zone, thereby, saving a 
large quantity of water which comes to the plant” 
[1]. Irrigation depends on the type of soil and 
where it is needed, as such, the field should 
neither be over-irrigated nor under-irrigated [6].  
 
“Bulk of the existing irrigation systems employ 
the use of micro-processor based systems based 
on soil moisture content. This could be either 
measurement of the soil water tension, soil water 
suction, or soil water potential” [5,3,7,8]. “The soil 
moisture sensor types can be tensiometric 
systems, which measure water potential, 
resistive sensors which measure the soil-water 
resistivity, time domain reflectometry based on 
dielectric constant of soil water and capacitance 
based sensors” [9,10]. “However, these systems 
offer several technological advantages but are 
unaffordable, bulky, difficult to maintain and less 
accepted by the technologically unskilled workers 
in the rural set-up” [6]. Other works like Getu et 
al. [11] and Attia et al. [12] have used “the Dual 
Tone Multi-Frequency (DTMF) telephone 
signaling technique to remotely control 
agricultural pumps used for irrigation. Nowadays, 
the Internet of Things (IoT) such as Blynk App is 
transforming the Agriculture industry and 
enabling farmers to contend with the enormous 
challenges they face. The global irrigation 
situation is classified by redoubled demand for 
higher agricultural productivity, poor performance 
and decreased accessibility of water for 
Agriculture” [2]. “These issues are befittingly 
corrected if we have a tendency to use machine-
controlled system for irrigation. Automating farm 
or nursery irrigation permits Farmers to use the 
correct quantity of water at the correct time. It 
solely permits the user to observe and maintain 
the wetness level remotely in no matter of time. 
From the purpose of reading and performing at 
remote places the developed microcontroller 
primarily based irrigation system will work 
perpetually for indefinite fundamental measure, 
even in sure abnormal circumstances” [2]. “Using 
renewable resources and IoT technology, it can 
generate a sustainable and responsible 
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conservation system over time. The Solar-
Powered Smart Irrigation System aims to provide 
an IoT solution in automating the watering 
process using an Arduino-based microcontroller 
and sensors. It is an energy efficient and eco-
friendly system that generates electricity from the 
photovoltaic cells to supply water to the plants” 
[13]. “The watering process is driven by the 
moisture content of the soil using sensors. 
Threshold limit are set for soil moisture sensor to 
ensure efficient and effective use of water 
resource. The main microcontroller unit controls 
the system whenever the sensor is across 
threshold value. Also, the system has built-in 
temperature and humidity sensors to monitor the 
climate condition on the specific environment. 
Another sensor is implemented to measure the 
water tank level which serves as storage 
capacity that supplies the water to the system. 
With the integration of IoT, automated irrigation 
can be easily access and remotely monitored 
over the mobile application through a wireless 
communication device. With these smart 
irrigation techniques, it replaces the traditional 
irrigation system that helps decrease the manual 
intervention and mistakes” [14]. 
 
The objective of this study is to simulate and 
construct a solar powered smart irrigation system 
using Blynk Mobile App communication 
technology for system automation and 
monitoring. In order to replace expensive 
controllers in current available systems, the Node 
Microcontroller Unit (Node MCU) was used in 
this project as it is an affordable microcontroller. 
The Node MCU was programmed to analyze 
some signals from sensors such as moisture, 
temperature, and humidity. The use of easily 
available components reduces the manufacturing 
and maintenance costs. This makes the 
proposed system to be an economical, 
appropriate and a low maintenance solution for 
applications, especially in rural areas and for 

small scale Agriculturists. It will help the small-
scale farmers which will increase the yield of 
their crops likewise improve the economy of the 
country. 
 

2. MATERIALS AND METHODS 
 
2.1 Materials 
 
The materials used in this research work 
includes 12V, 10A solar panel, ESP8266 Node 
MCU microcontroller, 12V water pump, soil 
moisture sensor, 5V, 10A relay, 12V, 10A charge 
controller, 5V, 0.3mA DHT 11 (temperature and 
humidity sensor), buck converter (DC-DC), 
window 10 laptop computer, and simulating 
software (Proteus 8.6). 
 

2.2 Methods 
 
The method used in this study is into two parts; 
software design method and hardware design 
method. The software component involves circuit 
simulation, flow charts, and algorithms, while the 
hardware part includes constructing the 
prototype and testing the system to verify correct 
functionality.  
 
2.2.1 Software design method 
 

2.2.1.1 Circuit simulation method 
 

The simulation was carried out using Proteus 
ISIS (8.6 Version) to replicate the system's real-
world operation over time. This was carried out to 
predict the behavior of the system and determine 
what to do to influence the behavior if not acting 
as proposed before constructing the prototype. 
The stages included in the simulation are the 
Moisture sensor unit, the DHT 11 unit, the Node 
MCU, the Relay, the pump and the power supply 
unit. This is done according to the block diagram 
in Fig. 1. 

 

 
 

Fig. 1. Block diagram of the system 



 
 
 
 

Yusuf et al.; AJAHR, 9(4): 136-147, 2022; Article no.AJAHR.91977 
 
 

 
139 

 

2.2.1.2 Proteus ISIS 
 
“Proteus is a design software developed by Lab 
Center Electronics for electronic circuit 
simulation, schematic capture and PCB design. 
Its simplicity and user-friendly design made it 
popular among electronics hobbyists. Proteus is 
commonly used for digital simulations such as 
microcontrollers and microprocessors. It allows 
engineers to run interactive simulations of real 
designs for circuit simulation. It has a range of 
simulator models for popular micro-controllers 
and a set of animated models for related 
peripheral devices such as LED and LCD 
displays, keypads and more. It is possible to 
simulate complete microcontroller systems and 
thus to develop the software for them without 
access to a physical prototype” [15]. 
 
2.2.1.3 Choice of programming language  
 
According to Soulé et al. [16], the choice of 
programming language must be available on a 
wide set of platforms, the implementation of the 
chosen language must be generally 
acknowledged and available, compilers 
producing highly optimized codes are also 
required. This programming language could be 
Java, C, Embedded C and C++ etc. The widely 

used programming language for embedded 
microcontrollers is C language and which we 
also used in this research. 
 
2.2.1.4 Flowchart 
 
The flow chart for the Solar Powered Smart 
Irrigation System using IoT through Blynk Mobile 
App is shown in Fig. 2. This was used to create 
an algorithm for developing the language code 
(C++) for the system operation. 
 
2.2.1.5 The algorithm 
 

The algorithm that explains the flow chart           
for the Solar Powered Smart Irrigation System 
using IoT through Blynk Mobile App is as  
follows; 
 

1. Start 
2. System Initializing 
3. Is the soil DRY? 
4. If YES, send signal to Node MCU 
5. Node MCU energizes the relay to turn ON 

the Pump 
6. If NO, turn OFF the Pump 
7. Send Feedback to Node MCU 
8. Node MCU send Data over the Internet to 

Blynk App 

 

 
 

Fig. 2. Flowchart of solar powered smart irrigation system 
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2.2.2 Construction method 
 

Following the block diagram in Fig. 1, the system 
was built in stages. The components were built 
on an electrical breadboard to check good 
terminal connections before being transferred to 
a Printable Circuit Board (PCB) and soldered 
using a soldering iron and 1mm wire lead solder. 
The stages includes temperature and humidity 
sensor, the moisture sensor, the pump unit, and 
all other system components are interfaced with 
the microcontroller and Arduino board.  
 

2.2.2.1 Solar panel (Power unit) 
 

The power supply unit of the system is through 
the use of solar energy. Solar energy works by 
capturing the sun’s energy or photons and 
turning it into electricity for the home or business 
use. Solar technology is improving and the cost 
of going solar is dropping rapidly, so our ability to 
harness the Sun’s abundance of energy using 
photovoltaic (PV) solar panels to generate direct 
current is on the rise. The circuit of the solar 
power supply is shown in Fig. 3. 
 

2.2.2.2 The Node MCU (Node Microcontroller 
Unit)  

 

It is an open-source software and hardware 
development environment that is built around a 
very inexpensive System-on-a-Chip (SoC) called 
the ESP8266. The ESP8266, designed and 
manufactured by Espressif Systems, contains all 
crucial elements of the modern computer: CPU, 
RAM, networking (Wi-Fi), and even a modern 
operating system. The versatility of the Node 
MCU makes it an excellent choice for IoT 
projects of all kinds. It has two key components; 
open source ESP8266 firmware and DEVKIT 
board. 
 

i. The Open Source ESP8266 Firmware: 
This is built on top of the chip 

manufacturer’s proprietary SDK. The 
firmware provides a simple programming 
environment based on eLua (embedded 
Lua), which is a very simple and fast 
scripting language with an established 
developer community. For new comers, 
the Lua scripting language is easy to learn. 

ii. The DEVKIT Board: This incorporates the 
ESP8266 chip on a standard circuit board. 
The board has a built-in USB port that is 
already wired up with the chip, a hardware 
reset button, Wi-Fi antenna, LED lights, 
and standard-sized GPIO (General 
Purpose Input Output) pins that can plug 
into a bread board. Fig. 4 shows the 
DEVKIT board, and the schematic pin 
configuration. 

 
2.2.2.3 Soil moisture sensor  
 
“This is an electrical resistance sensor. It is made 
up of two electrodes that reads the moisture 
content around it. When a current is passed 
across the electrodes through the soil, the 
resistance to the current in the soil determines 
the soil moisture. This is a conversion of change 
in resistance to change in voltage. If the soil has 
more water, resistance will be low and thus more 
current will pass through i.e. increase 
conductivity. On the other hand, when the soil 
moisture is low, the sensor module outputs a 
high level of resistance” [18,19]. Therefore, it 
gives a voltage output corresponding to the 
conductivity of the soil and the conductivity of soil 
varies depending upon the amount of moisture 
present in it. In this study, the moisture sensor 
which can be inserted in the soil to measure the 
moisture content of the soil was used and the soil 
was examined under three conditions; dry 
condition, optimum condition and excess wet 
condition.  

 

 
 

Fig. 3. Circuit diagram of the solar power supply [17] 
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a) DEVKIT Board b) Pin configuration of DEVKIT 
 

Fig. 4. Node Microcontroller Unit DEVKIT Board and pin configuration [18] 
 
2.2.2.4 Water pump 
 
The water pump is used to artificially supply 
water for a particular task. It can be electronically 
controlled by interfacing it to a microcontroller. It 
can be triggered ON/OFF by sending signals as 
required. This project employs the use of a small 
water pump.  
 
2.2.2.5 Relay 
 

Relays are switches and thus terminologies 
applied to switches are also applied to relays. A 
relay switches one or more poles, each of whose 
contacts can be thrown by energizing the coil in 
one of three ways namely; normally open (NO), 
normally closed (NC) or change over (CO). Just 
like manual switches, the relay switch part is 
available in various configurations. The Double 
Pole, Double Throw (DPDT) configuration is 
most common configuration and was used in this 
study. DPDT means that the relay separately 
controls two switches that work together. Both 
switches have a normally NO and NC contacts. 

  
2.2.2.6 Digital Temperature and Humidity 

Sensor (DHT11) 

 
The DHT11, digital temperature and humidity 
sensor is a composite sensor that incorporates a 
calibrated digital temperature and humidity signal 
output. The temperature and humidity sensor 
technology, as well as specific digital module 
collection technology, are used to ensure that the 
component has a high dependability and long-
term stability. A resistive sense of wet 
component and an NTC temperature 
measurement device are included in the sensor, 
which is connected to the Node MCU.  

2.2.3 Testing method 
 
The test that were carried out after construction 
of the circuit includes continuity test and 
performance evaluation test. The continuity test 
was carried out to ensure proper current flow in 
the circuit so as to prevent open circuits along 
the path and the removal of bugs in the circuit. 
This was carried out using the multimeter. The 
performance evaluation test was carried out to 
ascertain the functionality of the constructed 
system. The test was carried out at two           
different conditions of the soil; Wet soil and Dry 
soil. 
 

3. RESULTS 
 
3.1 Simulation Results 
 
The simulation of the circuit was carried out in 
stages according to the block diagram shown in 
Fig. 1 and the results are presented in Fig. 5 to 7. 
Fig. 5 shows simulated general circuit, while Fig. 
6 is the simulated general circuit displaying the 
virtual terminals and Fig. 7 is virtual terminals 
indicating the soil conditions. 
 

This system works in such a way that when the 
Solar Panel charges the battery, there is a 
charge controller connected between the solar 
panel and the battery which regulates the rate of 
battery charging to avoid over charging. The 
solar panel is 10W, 12V while the Charge 
controller is 10A, 12V. The buck converter 
connected to the battery steps the 12V down to 
5V because the microcontroller works with 5V. 
The buck converter is regulated from 12V to 5V 
so as to power the microcontroller. There’s a 
moisture sensor probe connected to the 
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Fig. 5. Simulated result of the complete circuit 
 

 
 

Fig. 6. Simulated result of the circuit with virtual terminals 
 

 
 

Fig. 7. Virtual terminals displaying soil conditions 
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a) Top view of constructed circuit  b) Side view of constructed circuit 
 

Fig. 8. Constructed solar powered smart irrigation circuit 
 
microcontroller and then to the soil. The sensor 
checks the moisture condition of the soil if wet or 
dry. When the soil is dry, it sends signal to the 
microcontroller, and then the microcontroller 
triggers the relay which in turn switches the water 
pump ON. There’s another buck converter 
between the relay and the pump which regulates 
the flow rate of the pump. Also, a DHT 11 is 
connected to the microcontroller to check 
humidity and temperature of the environment 
where the plants to be irrigated are grown. The 
Wifi Module, Node MCU ESP8266 send 
commands to the smartphone wirelessly through 
the internet. To encode the ON/OFF signal and 
send it to Server and to ESP8266 Board, Blynk 
Mobile Application was used, being the best IoT 
platform available presently. 
 

3.2 Construction 
 
The circuit was built on a breadboard first to 
confirm that everything worked properly, and 
then transferred to the PCB for permanent 
soldering. The sensor, the relay unit, and all 
other components in the system were interfaced 
with the Node MCU and Arduino board. To avoid 
awkwardness and bridging of the components, 
too much Lead was avoided. The top and side 
views of the constructed solar powered smart 
irrigation circuit are shown in Fig. 8. 
 

4. TESTING ANALYSIS 
 
4.1 Continuity Test  
 
The purpose of a continuity test is to see if 
current flows in an electric circuit. A tiny voltage 
(wire in series with an LED or a speaker) is 
applied to the chosen path to perform the 

continuity test. The circuit is "open" if broken 
conductors, damaged components, or excessive 
resistance prevent electron flow. A multimeter 
was used for this test. The multimeter was set to 
continuity mode, and the two ends of the probe 
were placed at the ends of a specific wire that 
was being examined for continuity. If there is no 
resistance between the ends of the wire or path, 
or the multimeter buzzer sounds, the ends or 
path is continuous. This test was carried out after 
the hardware had been soldered and configured. 
 

4.2 Performance Evaluation Test 
 

The purpose of the performance evaluation test 
was to determine the functionality of the 
constructed system. The test was carried out at 
two different conditions of the soil; Wet soil and 
Dry soil. When the water level in soil (Moisture) 
was high, Temperature value was 28.3°C, 
Humidity value was 72%, and the Pump was 
OFF. When the water level in soil was mild, 
temperature value was 60°C, Humidity value was 
68%, and pump was turned ON. This was 
displayed in the virtual terminal as shown in           
Fig. 7. 
 

4.3 Blynk Application Setup 
 

In this study, all the control is done by the Blynk 
Application. Blynk is a Platform with IOS and 
Android apps to control Arduino, Raspberry Pi, 
and the likes over the Internet. It’s a digital 
dashboard where we can build a graphic 
interface for electronics projects by simply 
dragging and dropping widgets. Blynk Application 
was downloaded and installed from Play Store 
being an Android User. It can also be 
downloaded from App Store for IoS users. The 
Blynk IoT App is shown in Fig. 9. 
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Fig. 9. Blynk installation from app store 
 

  
 

Fig. 10. Blynk application setup guide Fig. 11. Blynk app installation setup 
 

 
 

Fig. 12. Authentication token from the email address 
 
To setup the Blynk App for Smart Irrigation 
System, open the application and created a new 
account using an Email identity (ID). A link is 

sent to the email which will direct you to the 
Blynk website. Choose a password and enter 
personal details. Then clicked on “New Project “. 
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It will guide you stepwise to complete setup 
guide. Select add new device. Follow the images 
in Figs. 10 and 11. 
 
From Fig. 11, clicked on “Email All”, an 
authentication token will be sent to the provided 
Email address. This is shown in Fig. 12. 
 
The Authentication Token received via email 
shown in Fig. 12 was used to change the Wi-Fi 
SSID, Password & Blynk Authentication Code. 
Click on hardware setting and select your device 
type. Select connectivity type. Choose your IDE, 
then download the codes and run. Go to Blynk 
library and install Blynk library for Arduino. Go to 
Arduino-tools-manage libraries and search for 
Blynk there. Choose the latest version and 
install. Click next to go to codes. Then enter your 
Wi-Fi network SSID (name) and password to 
connect your device. The information is used to 
generate the firmware code. You can leave these 
fields empty and manually add Wi-Fi credentials 
in your sketch. Copy code from the right panel 
(or download it as a file). Create a new sketch in 
your IDE and paste the code. In IDE check that 
you are using correct board and port settings. 
Upload sketch to your Arduino board. Then click 
next and go to device activation. See your device 
online and control it from Blynk. Console and 
Blynk.Apps. The result of the moisture level in 
the soil via Blynk App is shown in Fig. 13. 
 

 
 

Fig. 13. Blynk App showing soil moisture 
level 

 

5. DISCUSSION 
 
The constructed solar powered smart irrigation 
system using IoT, Blynk mobile Application 

technology when subjected to various tests 
revealed vital information that established its 
functionality. The continuity test showed that the 
circuit was continuous (i.e. no short circuit, 
broken conductors nor damaged components or 
excessive resistance along the path of 
connections). Findings have also shown that the 
performance evaluation test carried out at two 
different conditions of wet and dry soil indicated a 
Temperature value of 28.3°C, Humidity value of 
72% for wet soil and Temperature value of 60°C, 
Humidity value of 68% for dry soil. The two 
conditions of dry and wet either turns ON or OFF 
the relay driver which also activates or 
deactivates the pump. When the soil is detected 
to be dry, the relay driver turned ON the water 
pump to start irrigation but as soon as the soil is 
wet, the relay driver deactivate the pump. This 
study is similar to that of Verma et al. [20] who 
conducted a study on Automatic Irrigation 
Control with Wireless Sensors, Balaji [21] who 
studied Smart Irrigation System using IoT and 
Image Processing, Bhuvaneswari and MG [22] 
who studied Smart Indoor Vertical Farming 
Monitoring Using IoT. But the design is quite 
different from that of Harishanka et al. [23] who 
carry out a study on solar powered smart 
irrigation system in India without incorporating 
IoT monitoring platform, Moon et al. [24] and 
Singh et al. [25] who presented a solution for an 
irrigation controller for cultivation of vegetable 
plants based on the fuzzy logic methodology. 
Also, not in line with the works of Wang et al. [26] 
and Navarro et al. [27] as their works did not 
involve construction of automatic device but only 
reviewed the Applications of the Internet of 
Things (IoT) for Agricultural Automation and 
smart irrigation. 
 

6. CONCLUSION  
 
In this study, a solar powered smart irrigation 
system using Internet of Things was simulated 
and constructed. Parameters such as moisture, 
temperature and humidity levels were monitored. 
All these were displayed via Blynk mobile 
Application. The results from the performance 
test of the constructed circuit agreed with the 
specification of the simulation outcome. The 
simulated smart irrigation system supports low 
water consumption because the water usage is 
being controlled and monitored automatically. 
This system also makes it easy for effective 
monitoring of the irrigation activities on the farm. 
Thus the system will only work effectively with 
the presence of internet on the Farm and on the 
Farmer’s location. 
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