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Abstract 

This article presents an Internet of Things (IOT) solution that focuses on managing and tracking the operation of a solar 
system and is intended for both home and commercial application. A MOSFET driver, a DC-DC SEPIC converter, a 
single-phase voltage source inverter with active clamping, and a DC-DC Landsman converter are all used by the system to 
condition electricity. This allows for real-time online contact with an internet server and includes measurements of the 
output voltage and current from the solar panel and battery to monitor DC load and AC load. The ESP32 Wi-Fi MOD and 
PIC microcontroller work together to seamlessly provide an online connection to the internet server. The outcomes of the 
experiments demonstrate how well voltage control works and how well IOT functions. Through a user-friendly GUI 
interface on the internet, users can effortlessly control the DC-DC converter and get real-time data on battery voltage, 
current, and state of charge by combining solar energy with the power source. 
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1. Introduction

At present, invention has fundamentally supplanted 
civilization as a principal strength globally. Large 
improvement is taking place in hardware and electrical 
fields, resulting in more up-to-date and important 
disclosures. Generating large quantities of electrical energy 
is the main obstacle all developing countries face. Power 
demands happen naturally as the company and industry 
develops. Everyone is now seeking a favorable approach to 
meet energy demands over the long term as various fields 
grow, which is why there is a collective pursuit for 
environmentally friendly power. For instance, to create solar 
power plants, smart observation and interaction are required 

to propel low-energy engineering invention as the low-
energy engineer directed to zero-engineering. 

The Internet of Things is a trendy idea. Many consumers, 
and respondents connect up not only relevant devices but 
also networks, images, and even people [1]. By obeying 
definitions in the cloud, an opportunity is created not only 
for intelligent functioning within a device’s own domain, 
but also to make other networks smarter through connection. 
With the help of the Internet of Things, the efficiency of the 
PV module can be measured by assessing the attending 
temperature, humidity, power, voltage, and current. Thus, 
since preventive action can be considered by comparing the 
test results, a real-time PV module monitoring system can 
contribute to improving the reliability of solar modules; a 
real-time report system for a solar power factory. The 
Internet of Things taping function facilitates usage wherein 
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the main control station can decide and change the whole 
system, executed in a forceful manager in the context of a 
solar power plant. 

The Internet of Things enables remote object control and 
detection, simplifying the integration of the physical world 
with programmable systems and reducing the level of 
interaction of a human with an object, which boosts the 
efficiency, affordability, and accuracy level. Using IoT 
technology, people may control a solar power facility, 
monitor its operation in real-time and carry out maintenance 
[2]. The SEPIC converter, LANDSMAN converter, Sine 
PWM Inverter, MOSFET driver, ESP32MOD, and 
dsPIC30F2010 microcontroller are critical parts of the 
proposed prototype, which includes control over both AC 
and DC loads and real-time monitoring of voltage and 
current for batteries and PV panels [3,4].  

Designing an IoT-enabled device for remotely monitoring 
and controlling solar photovoltaic (PV) systems involves 
integrating various sensors, communication modules, and 
control mechanisms [5]. 

Solar Panels: The core component of the PV system that 
generates electricity from sunlight. 
Inverter: Converts the DC electricity generated by the 
solar panels into AC electricity suitable for use in homes or 
businesses. 
Battery: Stores excess energy generated during the day for 
use during periods of low sunlight or high demand. 
IoT Gateway: Acts as a bridge between the local PV system 
and the internet, facilitating data transmission and remote 
control. 
Sunlight Intensity Sensor: Measures the intensity of 
sunlight to optimize panel positioning. 
Temperature Sensor: Monitors the temperature of the 
panels to ensure optimal efficiency using DHT11sensor. 
Voltage and Current Sensors: Measure the electrical output 
of the panels and the system using Current sensors 
ACS712, 30Amps [6,7]. 
Battery Charge Controller: Monitors the state of charge 
of the battery. 
Microcontroller: Processes sensor data, manages 
communication with the IoT gateway, and controls system 
operation using dsPIC 30F2010 microcontroller. 
Communication Module: Enables wireless 
communication with IoT gateway, typically using protocols 
like Wi-Fi using ESP32 MOD for IOT interference 
User Interface: A web-based dashboard or mobile 
application for users to monitor system performance, 
receive alerts, and control system parameters remotely 
using Blynk IoT. 
Remote Monitoring: Real-time data on electricity 
generation, consumption, battery charge level ble), and 
system efficiency [8]. 
Remote Control: Start/stop the DC motor connected to 
SEPIC converter and to control the speed of DC motor 
using mobile application (Blynk IoT) [9,10] 

By integrating these components and functionalities, an 
IoT-enabled device for monitoring and controlling solar PV 
systems can provide users with greater visibility, control, 
and optimization of their renewable energy assets. 

The contribution of research involves: 

• The technology is innovative because it may
enhance household renewable energy systems'
usability and efficiency as well as remote control
and real-time data monitoring. An IoT gateway is
required for the system to be connected to the
internet. In addition to managing the converter, it
collects information from multiple sensors [11].

• The communication module, which is responsible
for accepting control commands from a remote user
interface and transmitting data from the sensors to
the Internet of Things gateway, is one of the
system's advantages. This module makes use of
WiFi technology. The collected data is logged and
reviewed. It can provide opinions about the
effectiveness, output, and functionality of the
system.

• Utilizing an intelligent controller and a Landman
converter, the system maximizes the amount of
electricity generated by the solar panel. The sensors
are used to monitor and present the parameters,
which include voltage, current, temperature,
humidity, and battery voltage, over the Internet of
Things.

• Using the Blynk IoT mobile application, a SEPIC
converter modifies the duty cycle to control the
speed of a PMDC motor. Here, the motor's speed,
voltage, current, and torque are tracked and
evaluated to provide more precise results.

• The proposed system can optimize energy output
and consumption in a way that is remotely
manageable, user-friendly, and efficient by
merging these components [12]. The general
objective is furthered by this kind of Internet of
Things-based monitoring and control system. [13]

Key aspects of research on IoT-enabled devices for remotely 
monitoring and controlling solar photovoltaic systems focus 
on integrating Internet of Things (IoT) technology to 
enhance the efficiency, reliability, and management of solar 
energy systems [14].  

Hardware Components: Selection of sensors (temperature, 
irradiance, current, voltage), microcontrollers, 
communication modules. 
Software Components: Development of firmware for 
device control, data acquisition, and communication 
protocols. Use of IoT platforms such as Blynk IoT for data 
management and analysis. 
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Data Storage and Management: Efficient storage of large 
datasets generated by the PV system using cloud-based 
solutions for easy access and analysis [15]. 

Control Mechanisms: Development of mechanisms for 
remote control of PV system components such as 
inverters, battery storage, and shading devices [16]. 
Automation: Implementing automated decision-
making processes based on data analysis to optimize 
system performance, such as adjusting the angle of solar 
panels or managing energy storage. 
Energy Forecasting: Using predictive analytics to 
forecast solar energy generation and consumption 
patterns for better energy management [17]. 
Efficiency Improvement: Identifying and addressing 
inefficiencies in the PV system to maximize energy 
output and reduce operational costs. 
User Dashboard: Creating user-friendly dashboards for 
real-time monitoring and control of the PV system, 
accessible via mobile applications [18]. 

Pilot Projects: Implementing pilot projects to test the 
IoT-enabled PV systems in real-world conditions and 
gather practical insights [19]. 

Performance Evaluation: Conducting detailed 
performance evaluations of the deployed systems to 
assess their effectiveness, reliability, and return on 
investment [20]. 

2. Literature Review

The integration of Internet of Things (IoT) technology with 
solar photovoltaic (PV) systems has garnered significant 
attention in recent years. This combination promises 
enhanced efficiency, real-time monitoring, automated 
control, and predictive maintenance, which are crucial for 
optimizing solar energy utilization [21]. This literature 
review explores various aspects of IoT-enabled monitoring 
and control in solar PV systems, including the architecture, 
benefits, challenges, and recent advancements [22]. 
Sensors and Data Acquisition: Sensors are deployed to 
measure various parameters such as solar irradiance, 
temperature, voltage, current, and power output. These 
sensors are crucial for real-time data collection, which forms 
the foundation for further analysis and control [23]. 
Communication Networks: Reliable communication is 
essential for transmitting data from sensors to cloud-based 
platforms. Commonly used communication technologies 
include Wi-Fi, Zigbee, LoRa, and cellular networks. Each 
has its advantages and limitations concerning range, power 
consumption, and data rate. 
Cloud Storage and Data Processing: Collected data is 
transmitted to cloud servers where it is stored and processed. 
Cloud computing provides scalable storage and powerful 
analytics capabilities, enabling the handling of large datasets 
generated by numerous sensors. 
Data Analytics and Decision Making: Advanced analytics, 
including machine learning and artificial intelligence, are 

applied to the collected data to derive insights and make 
informed decisions. These analytics can predict system 
failures, optimize energy production, and provide actionable 
recommendations [24]. 
Enhanced Monitoring and Control: IoT allows for 
continuous, real-time monitoring of solar PV systems, 
enabling immediate detection of performance issues and 
faults. 
Predictive Maintenance: By analyzing historical data, IoT 
systems can predict potential failures and maintenance 
needs, thereby reducing downtime and maintenance costs. 
Energy Optimization: IoT systems optimize energy 
production by adjusting parameters such as the angle of 
solar panels or by controlling the load based on real-time 
data. 
Remote Accessibility: IoT enables remote monitoring and 
control, allowing operators to manage systems from 
anywhere, which is particularly beneficial for large-scale 
solar farms spread across vast areas. 
Integration with Smart Grids: IoT-enabled solar PV 
systems are being integrated with smart grids to improve 
overall grid stability and efficiency. 

3. Methodology

The suggested system utilizes a Landsman converter to
maximize the electricity generated from solar panels. It 
monitors various parameters such as real-time voltage and 
current of the solar panel, voltage and current of the battery, 
DC load, and AC load. Additionally, it incorporates sensors 
for IoT technology to enable remote control of both AC and 
DC loads [25]. The intended structure of the monitoring and 
controlling system is depicted in the block diagram shown in 
Fig. 1. The experimental setup of the system includes a solar 
panel, a regulated power supply, an ESP-32 Wi-Fi module, a 
voltage sensor, a current sensor, and a PIC microcontroller. 

Figure 1. Block diagram of proposed system 

The proposed system incorporates a LANDSMAN converter 
as the maximum power point tracking (MPPT) mechanism 
and a SEPIC converter for DC loads. The utilization of a 
Landsman converter allows for the extraction of a stable 
voltage from the solar PV panel, surpassing the capabilities 
of traditional converters [26]. As for the second-stage DC-
DC conversion for DC loads, a SEPIC converter is 
employed. In this prototype, a PMDC Motor is connected. 
To ensure a reliable power source for AC loads, inverters 
are utilized for DC-AC conversion while maintaining a 
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steady voltage [27]. Solar photovoltaic systems not only 
supply power but also store energy in the connected battery. 
In case of any climatic changes or abnormal conditions, grid 
power serves as a backup source for the battery. For the 
advancement of end-point Internet of Things, the 
ESP32MOD serves as an affordable wireless transceiver 
[28]. An embedded program can be employed to monitor 
and regulate the real-time voltage and current of the solar 
photovoltaic system, as well as the current of the DC motor, 
by connecting to the internet using an ESP32 Wi-Fi module 

3.1. ANN-based PV MPPT techniques using 
a Landsman converter 

In photovoltaic (PV) systems, a Landsman converter is a 
type of power converter specifically used for maximum 
power point tracking, or MPPT. MPPT is essential for 
maximizing the power production from solar panels since it 
continually modifies the operating point to guarantee that 
the PV array extracts the highest amount of electricity 
possible under a range of environmental circumstances [29]. 

Artificial neural networks (ANNs) have been increasingly 
used in MPPT algorithms due to their ability to learn 
complex patterns and adapt to changing conditions. ANNs 
can effectively model the nonlinear behavior of PV systems 
and provide accurate MPPT control. 

Here's how ANN-based MPPT techniques can be applied 
using a Landsman converter using steps mentioned below: 

• To collect data from the PV system under various
operating conditions, including different levels of
irradiance and temperature. This data will serve as
the training dataset for the ANN.

• Create an ANN architecture that is suitable for
MPPT. Choosing the number of layers, neurons per
layer, activation functions, and network topology
are usually involved in this. A feed-forward neural
network is frequently utilized for MPPT
applications.

• The collected data is utilized to train the ANN.
Throughout the training process, the ANN acquires
knowledge about the correlation between the input
variables, such as voltage and current from the PV
array, and the output variable, which is power. This
training procedure entails fine-tuning the weights
and biases of the network in order to minimize the
prediction error.

• After training the ANN, merge it with the
Landsman converter control system. The ANN
forecasts the best operating point of the PV array
using input variables (voltage and current) from the
PV system. Subsequently, the Landsman converter
modifies its operating parameters (such as duty
cycle) to maximize power extraction.

• Verify the performance of the ANN-based MPPT
system by testing it in a range of real-world

scenarios. In this stage, the projected maximum 
power production from the ANN is compared to the 
actual power output. 

• Fine-tune the ANN and the control parameters of
the Landsman converter if necessary to further
improve performance and robustness.

• Implement the ANN-based MPPT system into the
PV system.

By quickly turning on and off the input voltage and 
adjusting the duty cycle of the switches, the Landsman DC-
DC converter modifies the average voltage applied to the 
output stage. The converter may effectively change the DC 
voltage level while preserving the intended output 
parameters. By using the Landsman converter instead of the 
traditional Buck-Boost converter, the maximum power point 
is reached. Using a Landsman converter has the advantage 
of eliminating ripple in the battery current as well as having 
a larger voltage gain than a traditional buck-boost converter. 
As shown in Fig. 2, mode 1 of the Landsman Converter is 
operating. The inductors L2 and L1 are activated, the 
capacitor is charged, and the voltage Vs biases the diode 
when the regulator is in mode 1 [30]. 

The equation of Landsman converter as stated below. 

IL1MAX =IL1MIN+  
DVinT
L1

      (1) 
From the equation IL1 consider D=S, 
IL1MAX +_IL1MIN = 2IL1=

2S
(1−S)2

Vin
R

 (2) 

IL1MAX = [ S
(1−S)2

+ RT
2L1

 ] SVin
R

(3) 

IL1MIN = [ D
(1−S)2

− RT
2L1

 ] SVin
R

(4) 

IL2MAX= IL2MIN+ Vin
L2

 ST(5) 

Figure 2. Circuit diagram of landsman converter 

3.2. SEPIC converter 

The continuous current conduction mode (CCM) is used 
with the SEPIC converter and other DC-DC converters. The 
reference current obtained from the MPPT approach is 
matched against the inductor at a 50 kHz switch current 
during this PWM switching procedure. The switching pulse 
is then produced by comparing the error signal with a 
repeating waveform and using it as a control signal [31]. 
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Figure 3. Circuit diagram of SEPIC converter 

3.3. SEPIC converter operation 

The non-inverting converter SEPIC is capable of operating 
in both buck and boost modes [32]. The incoming voltage 
Vin powers the inductor L1 when the MOSFET is triggered. 
Concurrently, inductor L2 receives energy transfer from 
capacitor C1, which discharges. Capacitor C2 cannot 
discharge to the loads due to the diode's reverse bias. On the 
other hand, L1 charges and discharges C1 when the 
MOSFET is off. As seen in Fig. 3, in this case, the current 
iL1+iL2 flows through the diode, charges C2, and provides the 
load [33]. 

The static switch S, the diode D, the inductors L1 and L2, 
and the capacitors C1 and C2 make up the SEPIC converter. 
The output filter capacitor C2's capacitance value must be 
increased to reduce output voltage ripple [34]. Because the 
output of the SEPIC converter design is coupled to a pulsing 
diode (D), the output voltage ripples naturally increase in 
magnitude. As was previously noted, diode D conducts 
when switch S is OFF and does not conduct when it is ON. 
As a result, the converter's output receives a pulsating 
current. Consequently, to effectively reduce any voltage 
ripple brought on by the diode's pulsating current, C2 needs 
to have a large capacitance [35]. 

The following formulae are used to design the SEPIC 
converter: 

Inductor current (IL) =IoutxVox40%
Vin(min)

            (6) 

Inductor L1 and L2 = Vin(min)xDmax
∆ILxFsw

               (7) 

Output ripple voltage= Iout(max)
Cinx Fsw

X Vout
Vin+Vout+Vd

    (8) 

Output capacitor = IoutxDmax
Vripx0.5x Fsw

            (9) 

During switch ON, the inductors voltages and capacitors 
currents expression can be written as 

Vs =L1
di1
dt

               (10) 

Vc2 =L2
di2
dt

  (11) 

-i2 =C1
dVc1
dt

    (12) 

−Vc2
R

 =C2
dVc2
dt

           (13) 

During switch OFF, the inductors voltages and capacitors 
currents expression can be written as 

Vs-Vc1-Vc2=L1
di1
dt

 (14) Vc2 =L2
di2
dt

   (15) 

-i1 =C1
dVc1
dt

    (16) 

−Vc2
R

 = (i1+i2) =C2
dVc2
dt

(17) 

4. Simulation Results and Discussion

Figure 4. Proposed simulation model 
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Figure 5. Output voltage of landsman converter 

Figure 6. Battery Output SOC (%), Current & Voltage 
Waveform 

Figure 7. Inverter output voltage

Figure 8. Output of SEPIC Converter 

In this article, the control, monitoring, and effective 
utilization of solar panel in home and commercial 
applications are discussed. The input to the 12V, 10 watt 
solar panel is sunlight, i.e., sun irradiance is set to 
1000W/Sq.m, and temperature is 30 degrees Celsius, which 
is converted into electrical energy. The output voltage at 
maximum power is 100V, and the current at maximum 
power is 28A, as shown in Fig. 4. In place of MPPT 

(maximum power point tracking), a LANDSMAN converter 
is used; here, it has more advantages over conventional 
converters; hence, the variable DC input voltage from the 
PV panel is regulated to a fixed DC voltage to charge the 
battery [36]. The LANDSMAN output wave form is shown 
in Fig. 5. The battery is charged by the DC-DC converter, 
and its output is connected to the bus selector, where the 
SOC (%) is 80% at no load, the current is 45A, and the 
voltage is 350V, as shown in Fig. 6. 

The inverter and DC-DC converter (SEPIC) are connected 
to the grid for supplying AC load and DC load in the 
system. Here are two resistive loads for controlling AC 
loads, and PMDC is used as a DC load for controlling and 
monitoring [37]. The inverter is mainly used for DC-AC 
conversion and also to regulate the AC supply at the load 
without power fluctuation [38]. The output voltage of the 
inverter is 300V, and its wave form is as shown in Fig. 7. A 
SEPIC converter is used to regulate the output of the 12V 
PMDC motor. Here, to get more accurate results of the 
motor, like speed, voltage, current, and torque, the speed of 
the motor is gradually increased from 0 to 900 RPM, as 
indicated in Fig. 8. Hence, the complete block diagram 
illustrates the accurate output of the DC-DC converter, 
inverter, battery, DC motor, and AC load connected to the 
grid [39-40]. In this paper, combination of LANDSMAN 
and SEPIC converters is introduced found more efficient 
and provides reliable output. 

5. Hardware Results and Discussion

Figure 9. Prototype of the proposed system 

The hardware of the proposed system consists of a solar 
panel, a DC-DC converter (Landsman), a battery, a DC-DC 
converter (SEPIC), inverter and an ESP32 Wi-Fi module. 
The prototype of the proposed system is presented in Fig.  9. 
The hardware is interfaced with the smart phone using the 
ESP32 module. Using the Blynk application installed on a 
smart phone, which is used to control the speed of a DC 
motor, The block diagram of the Blynk IoT server, as 
indicated in Fig. 10. However, using this application, solar 
panel voltage, solar panel current, battery voltage, battery 
current, and motor current can be measured, as displayed in 
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Fig. 11. The slider available in the Blynk application is used 
to control the duty cycle of the SEPIC converter. Fig. 12–13 
indicates the speed control using the Blynk application of a 
DC motor for a load current of 0.1A–0.46A, respectively. 

The various components used in hardware, such as the DC-
DC converter, solar panel, and battery, are integrated using 
the dsPIC 30F2010 microcontroller and ESP32 MOD for 
IOT interference. Two numbers of current sensors (ACS712, 
30 A) are used for measuring the real-time current from the 
solar panel and battery. 

Figure 10. Block diagram for Blynk IOT server 

Figure 11. Blynk mobile device shows AC load ON 
condition 

Figure 12. Blynk mobile device shows DC motor 
current 0.1 Amps 

Figure 13. Blynk mobile device shows DC motor 
current 0.45 Amps 

Figure 14. Landsman converter input and output 
voltage 
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Figure 15. SEPIC Converter pulse at duty Cycle of 0.2 

Figure 16. SEPIC Converter pulse at duty Cycle of 0.8 

Figure 17. Battery charging voltage 

The power generated by the solar panel (12V, 10W) is 
delivered to the input of the Landsman converter. The input 
voltage, which varies from 10V to 12V, is converted to 14 
VDC by a Landsman converter, as displayed in Fig. 14. The 
battery voltage drives the DC motor using a SEPIC 
converter. The switching pulse SEPIC converter for the duty 
cycles of 0.2 and 0.8 is displayed in Fig. 15 and 16 
respectively. The battery charging voltage is indicated in 
Fig. 17. 

At a duty cycle of 0.2, the DC motor runs at a speed of 180 
RPM with a load current of 0.02 A at a terminal voltage of 
14 VDC. By increasing the duty cycle, the voltage across 
the motor will increase, resulting in higher speed. At a duty 
cycle of 0.8, the DC motor runs at a speed of 260 RPM with 
a load current of 0.35 A at a terminal voltage of 20 VDC. 
Finally, at a duty cycle of 0.8, the DC motor runs at a speed 
of 800 RPM with a load current of 0.78 A at a terminal 
voltage of 30 VDC, as indicated in Table 1. The various 
components used for the development of hardware, as 
indicated in Table 2. 

Table 1. The output of SEPIC fed to DC motor 

Duty 
cycle 

Input 
Voltage 

Volts 

Output 
Voltage 

Volts 

Motor 
speed 
RPM 

Motor 
current 
Amps 

0.2 14V 14V 180 0.02 

0.8 14V 20V 260 0.35 

0.8 14V 30V 800 0.78 

Table 2. Hardware components, specifications and cost 

Component Features Task Cost 
(INR) 

Power supply unit Input 220VAC to output 12VDC Converts AC-AC-DC 1800 

Landsman converter Input DC: (10-12V) 
Output DC: 14V 

DC voltage: 14V 580 

SEPIC converter Input DC: (125-14V) 
Output DC: 0-30V 

Buck-boost, DC-DC converter 750 

Inverter Input; 12VDC 
Output:230VAC 

Converts DC-AC 520 

EAI Endorsed Transactions 
on Scalable Information Systems | 

| Volume 12 | Issue 1 | 2025 |



 An IoT-enabled device for remotely monitoring and controlling solar photovoltaic systems 

9 

Electromagnetic 
Relay 

Nominal switching capacity: 10 A 250 V AC 
Max. Switching voltage: 250 V AC, 100 V 
DC 
Max. switching current; 10 A (AC), 5 A 
(DC) 
Size: 29.3 x 7.3 x 2.9 cm; 40 Grams 

High contact capacity: 10 A 390 

PV Cell Nominal Maximum Power: 10Watts/12V 
Voltage of Open Circuit: 22.0V  
0.6A for short circuit current  
18.0V for maximum power voltage 
Current at Maximum Power: 0.56A 

Highly Classified A-Grade 
Solar Cells for Lesser 
Degradation and High Energy 

2300 

DHT11 Operating voltage range: 3.5-2.5 volts  
0.3 mA of operating current (measuring) 60 
uA  
Serial data is the output.  
Range of temperatures: 0°C to 50°C; range 
of humidity: 20% to 90%  

Measures Temperature and 
Humidity 

580 

Battery Nominal voltage: 12 V. 
Capacity: 7.2 AH. 
Maximum 450 cycles of loading and 
unloading at a 50% discharge depth 
correspond to the lifespan (cycle).  
EUROBAT (functioning in standby mode at 
20°C)  

Converts DC-AC 1800 

Pulse driver MCT2E-optocoupler 
Diode forward voltage is 1.25V 
Collector-emitter voltage is 30V 
On-state collector current is 5mA 
Transistor HFE is 300 
Rise time is 5us and fall time is 5us. 

MCT2E is a phototransistor 
opto-coupler 

1600 

Microcontroller dsPIC 30F2010 
24-bit wide instructions, 16-bit wide data
path
Wide operating voltage range (2.5V to
5.5V)
Dual data fetch

Pulse generation to drive the 
switch 

2200 

ESP8266MOD 
WI-FI Module 

Node MCU 
Operating Voltage: 3.3V 
Wi-Fi 802.11 b/g/n 
Integrated low power 32-bit MCU 
Wi-Fi 2.4GHz, support WPA/WPA2 
4-MB flash memory

The ESP-8266 is a self 
contained 802.11 b/g/n WiFi 
enabled microcontroller 

3400 

ACS712, 30 A 
Current sensors 

Current Sense 
Type: Linear Hall 
Supply Voltage - Max:5.5V 
Supply Voltage - Min: 4.5V 
Output Type: Ratiometric 

Allegro’s current sensors 
include fast over-current 
detection. 

620 

Blynk IoT Mobile APP To control Arduino,  NodeMCU 
via the Internet 

Free 
APP 

Total cost 
16,540 

INR 

6. Conclusion
This article presents the utilization of an internet of things 
application to regulate and supervise various parameters 
such as solar panel voltage, solar panel current, battery 
voltage, battery current, and motor current. By utilizing a 
Landsman and SEPIC DC-DC converter, the research 
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illustrates the efficacy of the digitally controlled system that 
has been built to govern the voltage output. The authors also 
claim that the ESP32MOD's and microcontroller's 
adaptability makes them the perfect instrument for providing 
remote and instantaneous monitoring and control of the 
suggested model. By integrating the energy generated from 
solar power into the grid, it can be effectively utilized to 
meet the growing energy demand. This functionality also 
enhances the capability to monitor the loads connected to 
the network. The battery's state of charge (SOC%) is 
determined at different intervals by operating the DC motor 
with a duty cycle of 0.2, resulting in a speed of 180 RPM 
and a current of 0.02 A. Additionally, the system offers 
supplementary features that empower users to make 
informed decisions regarding network security and quality 
maintenance.

References 

[1] Rios, E. Rios, “Photovoltaic microgeneration connected to the
electricity grid: what changed with the normative resolution No.
687 of the National Electric Energy Agency – ANEEL,” Brazilian
Journal of Solar Energy, vol. 8, no. 2, pp. 119-122, 2017.
[2] S. R. R. D. Purusothaman, R. Rajesh, K. K. Bajaj and V.
Vijayaraghavan, "Implementation of Arduino-based multi-agent
system for rural Indian microgrids," 2013 IEEE Innovative Smart
Grid Technologies-Asia (ISGT Asia), Bangalore, India, 2013, pp.
1-5. doi: 10.1109/ISGT-Asia.2013.6698751.
[3] Yoshihiro Goto, Tadao Ishiguro, Masaki Kiya, Yoshichika
Mizutani, Tatsuo Sakai and Yuji Kawagoe, "Integrated
management and remote monitoring system for 
telecommunications power plants with fully DC-powered center 
equipment," INTELEC 07 - 29th International 
Telecommunications Energy Conference, Rome, Italy, 2007, pp. 
775-780,
doi: 10.1109/INTLEC.2007.4448887.
[4] M. Nkoloma, M. Zennaro and A. Bagula, "SM2: Solar
monitoring system in Malawi," Proceedings of ITU Kaleidoscope
2011: The Fully Networked Human? - Innovations for Future
Networks and Services (K-2011), Cape Town, South Africa, 2011,
pp. 1-6.
[5] S. Dutta and K. Chatterjee, "A Buck and Boost Based Grid
Connected PV Inverter Maximizing Power Yield From Two PV
Arrays in Mismatched Environmental Conditions," in IEEE
Transactions on Industrial Electronics, vol. 65, no. 7, pp. 5561-
5571, July 2018,
doi: 10.1109/TIE.2017.2774768.
[6] Yin, Shoulin, Hang Li, Asif Ali Laghari, Thippa Reddy
Gadekallu, Gabriel Avelino Sampedro, and Ahmad Almadhor. "An
Anomaly Detection Model Based On Deep Auto-Encoder and
Capsule Graph Convolution via Sparrow Search Algorithm in 6G
Internet-of-Everything." IEEE Internet of Things Journal (2024).
[7] M. Veerachary and V. Khubchandani, "Analysis, Design, and
Control of Switching Capacitor Based Buck–Boost Converter," in
IEEE Transactions on Industry Applications, vol. 55, no. 3, pp.
2845-2857, May-June 2019, doi: 10.1109/TIA.2018.2889848.
[8] Laghari, Asif Ali, Abdullah Ayub Khan, Reem Alkanhel, Hela
Elmannai, and Sami Bourouis. "Lightweight-BIoV: Blockchain 
Distributed Ledger Technology (BDLT) for Internet of Vehicles 
(IoVs)." Electronics 12, no. 3 (2023): 677. 
[9] Waqas, Muhammad, Kamlesh Kumar, Umair Saeed,

Muhammad Malook Rind, Aftab Ahmed Shaikh, Fahad Hussain, 
Athaul Rai, and Abdul Qayoom Qazi. "Botnet attack detection in 
Internet of Things devices over cloud environment via machine 
learning." Concurrency and Computation: Practice and Experience 
34, no. 4 (2022): e6662. 
[10] Gao, Jing, Peng Li, Asif Ali Laghari, Gautam Srivastava,
Thippa Reddy Gadekallu, Sidra Abbas, and Jianing Zhang.
"Incomplete Multiview Clustering via Semidiscrete Optimal
Transport for Multimedia Data Mining in IoT." ACM Transactions
on Multimedia Computing, Communications and Applications
(2023).
[11] E. Kabalci, A. Gorgun and Y. Kabalci, "Design and
implementation of a renewable energy monitoring system," 4th
International Conference on Power Engineering, Energy and
Electrical Drives, Istanbul, Turkey, 2013, pp. 1071-1075,
doi: 10.1109/PowerEng.2013.6635759.
[12] Gao, Jing, Meng Liu, Peng Li, Asif Ali Laghari, Abdul
Rehman Javed, Nancy Victor, and Thippa Reddy Gadekallu. "Deep
Incomplete Multi-View Clustering Via Information Bottleneck for
Pattern Mining of Data in Extreme-Environment IoT." IEEE
Internet of Things Journal (2023).
[13] Fatima, Zaheen, Aqeel Ur Rehman, Rashid Hussain, Shahid
Karim, Muhammad Shakir, Kashif Ahmed Soomro, and Asif Ali
Laghari. "Mobile crowdsensing with energy efficiency to control
road congestion in internet cloud of vehicles: a review."
Multimedia Tools and Applications (2023): 1-26.
[14] Shweta, R., Sivagnanam, S., & Kumar, K. A. (2022). Fault
detection and monitoring of solar photovoltaic panels using
internet of things technology with fuzzy logic controller. Electrical
Engineering & Electromechanics, (6), 67–74.
https://doi.org/10.20998/2074-272X.2022.6.10
[15] Balakishan, P., Chidambaram, I. A., & Manikandan, M.
(2022). Improvement of power quality in grid-connected hybrid
system with power monitoring and control based on internet of
things approach. Electrical Engineering & Electromechanics, (4),
44–50. https://doi.org/10.20998/2074-272X.2022.4.06
[16] Osamede, A., Schoeman, R., & Pienaar, Hc.
(2015). Experiential analysis of the effectiveness of Buck and
Boost DC-DC converters in a basic off grid PV system. 2015
International Conference on Computing, Communication and
Security (ICCCS). doi:10.1109/cccs.2015.7374123
[17]Lina M. Elobaid, Ahmed K. Abdelsalam , Ezeldin E,
"Artificial neural network-based photovoltaic maximum power
point tracking techniques: a survey", IET Renew. Power Gener.,
2015, Vol. 9, Iss. 8, pp. 1043–1063. https://doi.org/10.1049/iet-
rpg.2014.0359.
[18] Hegazy, E., Saad, W., & Shokair, M. (2020). Studying the
Effect of Using a Low Power PV and DC-DC Boost Converter on
the Performance of the Solar Energy PV System. 2020 15th
International Conference on Computer Engineering and Systems
(ICCES). https://doi.org/10.1109/icces51560.2020.9334581
[19] J. Meher and A. Gosh, "Comparative Study of DC/DC
Bidirectional SEPIC Converter with Different Controllers," 2018
IEEE 8th Power India International Conference (PIICON),
Kurukshetra, India, 2018, pp. 1-6, doi:
10.1109/POWERI.2018.8704363.
[20] Purushothaman ,     Srinivasan, Perumal ,  Boomi   Rampriya,
Elango ,     Shabarish, Premananth ,     Hanitha, Yoganand ,
Krishnamsetti, Smart Home Powered by Solar: IoT-based SEPIC
Converter Control, Recent Advances in Electrical & Electronic
Engineering, volume 17, pages 1-16, (2024), issn 2352-0965/2352-
0973, doi 10.2174/0123520965295293240418053531.

EAI Endorsed Transactions 
on Scalable Information Systems | 

| Volume 12 | Issue 1 | 2025 |

https://doi.org/10.20998/2074-272X.2022.6.10
https://doi.org/10.20998/2074-272X.2022.4.06
https://doi.org/10.1049/iet-rpg.2014.0359
https://doi.org/10.1049/iet-rpg.2014.0359
https://doi.org/10.1109/icces51560.2020.9334581


 An IoT-enabled device for remotely monitoring and controlling solar photovoltaic systems 

11 

[21] W. N. d. Silva, L. D. S. Bezerra, S. C. S. Jucá, R. I. S. Pereira
and C. M. d. S. Medeiros, "Control and monitoring of a Flyback
DC-DC converter for photovoltaic applications using embedded
IoT system," in IEEE Latin America Transactions, vol. 18, no. 11,
pp. 1892-1899, November 2020, doi: 10.1109/TLA.2020.9398630.
[22] E. Paul, M. Sannasy and S. V. Naik, "Design of High Gain
Modified SEPIC Converter for grid connected PV systems with
MPPT control," 2023 IEEE IAS Global Conference on Renewable
Energy and Hydrogen Technologies (GlobConHT), Male,
Maldives, 2023, pp. 1-5,
doi: 10.1109/GlobConHT56829.2023.10087781.
[23] P. Srinivasan*, S. Heeravathi, M. Jay Prasanna, R. Pillai
Sreedharsh and M. Dhanush, Soft Switching Technique in a
Modified SEPIC Converter with MPPT using Cuckoo Search
Algorithm, Recent Advances in Electrical & Electronic
Engineering 2023; 16.
https://dx.doi.org/10.2174/0123520965263412231031060225.
[24] Muthubalaji, S., Devadasu, G., Srinivasan, S., & Soundiraraj,
N. (2022). Development and validation of enhanced fuzzy logic
controller and boost converter topologies for a single phase grid
system. Electrical Engineering & Electromechanics, (5), 60–66.
https://doi.org/10.20998/2074-272X.2022.5.10
[25] Anuradha, C., Chellammal, N., Maqsood, S., &
Vijayalakshmi, S. (2019). Design and Analysis of Non-Isolated
Three-Port SEPIC Converter for Integrating Renewable Energy
Sources. Energies.
[26] E. Paul, M. Sannasy and S. V. Naik, "Design of High Gain
Modified SEPIC Converter for grid connected PV systems with
MPPT control," 2023 IEEE IAS Global Conference on Renewable
Energy and Hydrogen Technologies (GlobConHT), Male,
Maldives, 2023, pp. 1-5, doi:
10.1109/GlobConHT56829.2023.10087781.
[27] W. N. d. Silva, L. D. S. Bezerra, S. C. S. Jucá, R. I. S. Pereira
and C. M. d. S. Medeiros, "Control and monitoring of a Flyback
DC-DC converter for photovoltaic applications using embedded
IoT system," in IEEE Latin America Transactions, vol. 18, no. 11,
pp. 1892-1899, November 2020,
doi: 10.1109/TLA.2020.9398630.
[28] R. I. S. Pereira, S. C. S. Jucá, P. C. M. Carvalho, “IoT
embedded systems network and sensors signal conditioning applied
to decentralized photovoltaic plants,” Measurement ,vol.142, pp
195– 212. 2019. DOI:10.1016/j.measurement.2019.04.085
[29] S. M. Patil, M. Vijayalashmi, R. Tapaskar, "IoT based solar
energy monitoring system," 2017 International Conference on
Energy, Communication, Data Analytics and Soft Computing
(ICECDS), Chennai, 2017, pp. 1574-1579, doi:
10.1109/ICECDS.2017.8389711.
[30] A. López-Vargas, M. Fuentes, M. Vivar, "IoT Application for
Real- Time Monitoring of Solar Home Systems Based on
Arduino™ With 3G Connectivity," IEEE Sensors Journal, vol. 19,
no. 2, pp. 679-691, 15 Jan.15, 2019, doi:
10.1109/JSEN.2018.2876635.
[31] Q. D. Ho, Y. Gao, and T. Le-Ngoc, Challenges and research
opportunities in wireless communication networks for smart grid,
IEEE Wirel. Commun. 20 (2013), no. 3, 89–95,
https://doi.org/10.1109/MWC.2013.6549287.
[32] W. Wang, Y. Xu, and M. Khanna, A survey on the
communication architectures in smart grid, Comput. Netw. 55
(2011), no. 15, 3604–3029,
https://doi.org/10.1016/j.comnet.2011.07.010.
[33] M. Valentini et al., PV inverter test setup for European
efficiency, static and dynamic MPPT efficiency evaluation, in

Proc. Int. Conf. Optim. Electr. Electron. Equip. (Brasov, Romania), 
May 2008, pp. 1–6, https://doi.org/10.1109/OPTIM.2008.4602445 
[34] Rouibah, N., Barazane, L., Benghanem, M. and Mellit, A.
(2021), IoT-based low-cost prototype for online monitoring of
maximum output power of domestic photovoltaic systems. ETRI
Journal, 43: 459-470. https://doi.org/10.4218/etrij.2019-0537.
[35] G. I. Kishore and R. K. Tripathi, "Single-phase PFC converter
using modified multiplier SEPIC converter for high voltage DC
applications," 2017 4th IEEE Uttar Pradesh Section International
Conference on Electrical, Computer and Electronics (UPCON),
Mathura, India, 2017, pp. 598-603, doi:
10.1109/UPCON.2017.8251117.
[36] P. K. Singh, B. Singh, V. Bist, K. Al-Haddad and A. Chandra,
"BLDC Motor Drive Based on Bridgeless Landsman PFC
Converter With Single Sensor and Reduced Stress on Power
Devices," in IEEE Transactions on Industry Applications, vol. 54,
no. 1, pp. 625-635, Jan.-Feb. 2018, doi:
10.1109/TIA.2017.2740281.
[37] A. K. Paul, "Sensorless Robust Speed Controller Design of
Pancake Axial Field PMDC Motor," in IEEE Transactions on
Industry Applications, vol. 55, no. 6, pp. 5981-5989, Nov.-Dec.
2019, doi: 10.1109/TIA.2019.2933797.
[38] H. Wu, Y. Jia, F. Yang, L. Zhu and Y. Xing, "Two-Stage
Isolated Bidirectional DC–AC Converters With Three-Port
Converters and Two DC Buses," in IEEE Journal of Emerging and
Selected Topics in Power Electronics, vol. 8, no. 4, pp. 4428-4439,
Dec. 2020, doi: 10.1109/JESTPE.2019.2936145.
[39] P. Prabhakaran and V. Agarwal, "Novel Boost-SEPIC Type
Interleaved DC–DC Converter for Mitigation of Voltage Imbalance
in a Low-Voltage Bipolar DC Microgrid," in IEEE Transactions on
Industrial Electronics, vol. 67, no. 8, pp. 6494-6504, Aug. 2020,
doi: 10.1109/TIE.2019.2939991.
[40] K. Nathan, S. Ghosh, Y. Siwakoti and T. Long, "A New DC–
DC Converter for Photovoltaic Systems: Coupled-Inductors
Combined Cuk-SEPIC Converter," in IEEE Transactions on
Energy Conversion, vol. 34, no. 1, pp. 191-201, March 2019, doi:
10.1109/TEC.2018.2876454.

EAI Endorsed Transactions 
on Scalable Information Systems | 

| Volume 12 | Issue 1 | 2025 |

https://dx.doi.org/10.2174/0123520965263412231031060225
https://doi.org/10.20998/2074-272X.2022.5.10
https://doi.org/10.1109/MWC.2013.6549287
https://doi.org/10.1016/j.comnet.2011.07.010
https://doi.org/10.1109/OPTIM.2008.4602445
https://doi.org/10.4218/etrij.2019-0537



