I. INTRODUCTION
The importance of power factor correction (PFC) in any electrical system has evolved because of its meaningful effects on energy efficiency and power correction. The increase of inductive loads across the reactive power network has had effects on energy voltage drop and system performance. Thus, the energy losses and voltage stability in distribution networks make the lower-range PFC networks compliment energy efficiency. The PFC networks have used microcontrollers to make systems more flexible. Real-time monitoring systems designed to shift between capacitor banks dynamically balance power factor correction and PFC networks based on the load. Embedded systems provide these networks with the flexibly designed command and control system to PFC networks to combat the change in electrical demand. Studies have shown the coupling of PFC with other network systems, especially renewable networks like photovoltaic (PV) systems, greatly enhances the network reliability, power factor and overall PFC energy efficiency.
This work presents a Real-Time Power Factor
Correction Controller employing an Arduino-based system
that continuously observes the power factor and adaptive
controls a capacitor bank. To achieve optimum reactive
power compensation, the system employs an automatic relay
switching control in combination with current and potential
transformers for real-time measurement. The objective is to
maintain the power factor close to unity to enhance energy
efficiency, reduce low power factor fines, and ensure stable
voltage regulation in power grids. The objective of the
proposed system is to provide a scalable and affordable realtime
solution to power factor compensation. This approach
minimizes the losses of energy, enhances flexibility in
response to changes in load, and offers an implementable
solution suitable for industrial and domestic use with the help
of an Arduino-based embedded platform.
The project's objective is to create real-time power
factor correction controller using Arduino. The following
objectives for our project are listed below:
✓ Develop a real-time monitoring system using
Arduino to continuously assess the power factor of
inductive loads through voltage and current
measurements.
✓ Design an automatic control mechanism that
dynamically adjusts the capacitive bank to optimize
the power factor based on the measured data.
✓ Utilize current and potential transformers for
accurate measurement of electrical parameters,
ensuring precise monitoring and control.
✓ Analyze the effectiveness of the implemented power
factor correction strategy in enhancing energy
efficiency and reducing reactive power losses.
✓ Provide a scalable and practical solution suitable for both
industrial and residential electrical systems, contributing
to improved voltage regulation and overall power quality.

II LITERATURE SURVEY
Power factor correction (PFC) is a critical aspect of
modern electrical engineering, as it plays a significant role in
enhancing energy efficiency and maintaining the quality of
power supplied to various systems. Bisanovic et al. (2018)
presented a method for reactive power control of capacitor
banks in distribution and industrial networks. Their
approach highlights the importance of managing reactive
power to optimize voltage levels and improve system
performance. By focusing on capacitor banks, the study
underscores the potential for automatic adjustments in
power factor to alleviate issues arising from reactive power
demand. In recent developments, Haneef et al. (2024)
introduced a stochastic optimal placement method for
photovoltaic (PV) systems, emphasizing command-based
power control for voltage and PFC. Their work explores the
integration of renewable energy sources, which is
increasingly relevant in contemporary power systems. This
study demonstrates the effectiveness of optimization
algorithms in achieving a desirable power factor, especially in
hybrid systems that combine traditional and renewable
energy sources. The application of PFC in specialized
circuits has also been examined by Fusic et al. (2024), who
focused on efficient power factor correction in single-phase
AC–DC boost converters. Their findings indicate that
enhancing PFC in electric bicycle battery charging systems
can lead to improved energy utilization, highlighting the
importance of addressing PFC at the component level within
electronic devices. Ali (2013) contributed to the
understanding of microcontroller-based PFC systems by
designing and implementing a solution that utilizes
capacitor banks alongside load monitoring techniques. This
study exemplifies the practical applications of
microcontrollers, such as Arduino, in automating power
factor adjustments based on real-time data, thereby reducing
energy losses and enhancing operational efficiency. Further
advancements in PFC systems can be seen in the work of
Díaz et al. (2023), who developed a smart energy meter
capable of synchronous monitoring within distributed
systems. Their research indicates that real-time data
acquisition and analysis can facilitate effective power factor
correction strategies, offering insights into user behavior and
energy consumption patterns. Cosic and Sadarangani (2016)
explored the dynamic performance of induction machines
with a novel converter-fed rotor concept, contributing to the
understanding of how PFC techniques can be integrated into
motor control applications. Their findings suggest that
innovative converter designs can significantly enhance
power factor performance, which is crucial for various
industrial applications. Kushwaha and Singh (2019) focused
on power factor improvement in modified bridgeless
Landsman converters used for electric vehicle (EV) battery
charging. Their research demonstrates that PFC methods can
be effectively tailored to specific applications, thereby
optimizing energy efficiency in the rapidly growing EV
market.Lo et al. (2008) examined grid-connected
photovoltaic systems with PFC capabilities, highlighting the
synergy between renewable energy integration and power
factor improvement. This study emphasizes the role of PFC
in facilitating the adoption of sustainable energy solutions.
Zandabad and Fazel (2024) introduced a single-stage variable
output AC-DC converter that employs PFC and softswitching
techniques for renewable energy integration. Their
innovative approach reflects the ongoing efforts to enhance
energy conversion systems while maintaining a high power
factor. Finally, Bhati and Kalla (2019) investigated a power
factor corrected Y-cell modified boost converter for battery
charging applications in electric vehicles. Their research
contributes to the growing body of knowledge on optimizing
PFC in power electronics, showcasing practical
implementations for enhancing battery charging efficiency.
This literature survey highlights the diverse approaches and
technologies employed in power factor correction,
underscoring the significance of real-time monitoring and
control systems. The proposed Real-Time Power Factor
Correction Controller using Arduino aims to build on these
findings, providing an innovative solution for optimizing
power factor in response to dynamic load conditions while
contributing to the ongoing advancements in electrical
engineering
III EXISTING METHOD
One commonly used approach in power factor
correction systems is the Automatic Switched Capacitor
Bank. This method involves the use of a capacitor bank
divided into multiple stages.
In power electronics, Fusic et al. (2024) investigated
PFC in single-phase AC–DC boost converters for use in
electric bicycle charging systems, demonstrating how
optimizations at the component level enhance system
efficiency. Ali (2013) developed a microcontroller-based
PFC system with capacitor banks, demonstrating how realtime
load monitoring can be employed to minimize energy
losses and maximize system performance.
For distributed power systems, Díaz et al. (2023)
created a smart energy meter for synchronous monitoring
with real-time data acquisition for optimal PFC techniques.
Cosic and Sadarangani (2016) investigated the dynamic
performance of induction machines.
In addition, Kushwaha and Singh (2019) researched power
factor improvement in modified bridgeless Landsman
converters for electric vehicle (EV) charging, proving the
significance of application-specific PFC techniques. Lo et al.
(2008) explored the interfacing of grid-connected PV systems
with PFC, further supporting the significance of sustainable
energy solutions for power factor performance improvement.
Zandabad and Fazel (2024) presented a single-stage AC-DC
converter utilizing PFC and soft-switching, proving innovative
methods for integrating renewable energy.
IV. PROPOSED SYSTEM
The system is designed for real-time power factor
correction using a combination of transformers,
microcontroller, relays, and capacitors. It begins with a
single-phase supply connected to both a potential transformer
and a current transformer.
The potential transformer steps down the voltage to
a level suitable for measurement, while the current
transformer measures the load current. Both transformers
provide inputs to the microcontroller, which is programmed
to calculate the power factor by analyzing the phase
difference between the voltage and current signals.
The Fig [1] shown the Block diagram of Real-time power
factor correction controller using Arduino
Based on the power factor readings, the microcontroller
activates a relay connected to a capacitor bank. The relay
allows selective engagement or disengagement of capacitors
in the bank to adjust the reactive power, thus improving the
overall power factor. When the power factor falls below a
specified threshold, the microcontroller switches in
additional capacitors to compensate for the reactive load. An
LCD display is included in the system, which provides a realtime
view of the power factor, voltage, and current
measurements for monitoring purposes.
This configuration helps maintain a power factor close to
unity by dynamically adjusting capacitance based on the load,
ensuring efficient power usage and minimizing energy losses
in inductive loads.
Fig. [2], shows the circuit diagram of Real-time power factor
correction controller using Arduino and The Real-Time
Power Factor Correction Controller system operates by
utilizing a potential transformer (PT) and a current
transformer (CT) to monitor essential electrical parameters.
The PT steps down the high AC voltage to a safer level
suitable for processing, while the CT measures the current
flowing through the load, enabling the system to dynamically
respond to changing load conditions. The o u t p u t from the
PT passes through a bridge rectifier, whichconverts AC to pulsating DC. A filter circuit smooths this DC
signal, and a voltage regulator then provides a stable 5V
supply to the Arduino Uno. The Arduino continuously
monitors the voltage and current levels, measuring the phase
difference between the two to calculate the power factor. This
phase difference measurement allows for precise calculation
of the power factor, providing real-time insight into the
system's performance. If the power factor deviates from the
desired range, the Arduino activates relays to switch a
capacitor bank in or out of the circuit as needed. This
adjustment compensates for reactive power, bringing the
power factor closer to unity, which helps reduce energy
VI RESULTS AND DISCUSSION
The Real-Time Power Factor Correction (APFC) system was
simulated with Proteus 8.13 to confirm its capability in
dynamically improving the power factor. The simulation was
done using an AC power supply, current and potential
transformers, Arduino-based controller, capacitor bank, and
switching relays. In Fig 3 Shown the initial power factor of 0.6.
readings easily. Additionally, the system proved to be costeffective,
with reductions in reactive power penalties and
energy costs leading to a favorable return on investment. The
automated nature of the APFC minimized the need for
manual intervention, further lowering operational costs.
Capacitive bank ON.
In Fig 4 show the effectively the power factor
improved to 0.95–0.978 by automatically turning on
capacitors of 0.44 kVAR as required.These results highlight
the critical importance of power factor improvement in
industrial and household applications, particularly given the
rise in inductive loads due to industrialization. Overall, the
findings indicate that microcontroller-based embedded
technology can significantly enhance power management
systems, making this APFC device a valuable solution for
improving energy efficiency across various sectors The Fig.4
Represents the Power Factor increased by using the
capacitive bank.
VII CONCLUSION
Despite the advantages of the proposed system,
there are certain practical limitations. The efficiency of
corrections can be affected by minor inaccuracies injected
into power factor computations by the accuracy of current and
potential transformers. While the system is well-suited to
small and medium applications, complex hardware
adjustments may be required for use in high-power industrial
systems. To improve power distribution and enable
automated energy management, future research can explore
how the system can be interfaced with smart grids. To
enhance sustainability and energy efficiency, hybrid energy
systems based on renewable energy sources can also be
explored. The flexibility and effectiveness of real-time power
factor correction systems can be further enhanced by
addressing these issues and expanding the scope of the study
Overall, implementing power factor correction helps stabilize
power systems, enhancing the efficiency of both the system and
connected equipment. The use of a microcontroller adds costeffectiveness
by enabling control over multiple parameters while
minimizing the need for additional hardware like timers, RAM,
ROM, and extra I/O ports. This project demonstrates a practical
and scalable solution for real-time power factor correction in
various settings


