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Abstract —This paper presents a Smart Intelligent Three-Phase
to Single-Phase Selector designed to provide an uninterrupted
and reliable single-phase power supply. The system
continuously monitors the voltage of all three phases and
automatically selects the healthiest phase using a
microcontroller-based control mechanism. It detects phase
failure, undervoltage, and overvoltage conditions, ensuring safe
and efficient operation of connected loads. The proposed
system reduces manual intervention, improves power
reliability, and protects electrical equipment from supply
disturbances, making it suitable for residential, commercial, and
small industrial applications.

Key Words: Smart Phase Selector, Three-Phase Supply,
Single-Phase  Load,  Automatic =~ Phase  Changeover,
Microcontroller, Voltage Monitoring, Power Quality, Phase
Failure Detection, Relay Switching, Intelligent Power
Management.

I. INTRODUCTION

A reliable power supply is essential for the continuous
operation of electrical and electronic equipment in residential,
commercial, and industrial sectors. In many power
distribution systems, single-phase consumers are supplied
from a three-phase network where voltage fluctuations, phase
failures, and load imbalances frequently occur. These issues
can cause interruptions in power supply, reduced equipment
performance, and potential damage to sensitive devices.
Traditional phase selection methods often require manual
intervention, resulting in delays and inconvenience during
phase outages. To address these challenges, an intelligent
automatic phase selection system is required. The Smart
Intelligent  Three-Phase to  Single-Phase  Selector
continuously monitors the voltage conditions of all three
phases and automatically connects the load to the most
suitable phase. By utilizing a microcontroller-based control
unit, voltage sensing circuits, and relay switching
mechanisms, the system ensures uninterrupted power
delivery and enhanced protection against abnormal operating
conditions.

The proposed system improves power reliability, minimizes
downtime, reduces human intervention, and enhances the
safety of connected appliances. Its cost-effective design
makes it suitable for residential, commercial, and small-scale
industrial applications where a stable single-phase power
supply is critical. Furthermore, the integration of intelligent
monitoring and automatic switching capabilities enables the
system to respond rapidly to changing power conditions

without affecting the connected load. The system can detect
abnormal voltage levels, phase loss, and other electrical faults
in real time, ensuring continuous operation and reducing the
risk of equipment damage. As a result, the Smart Intelligent
Three-Phase to Single-Phase Selector contributes to improved
power quality, increased operational efficiency, and greater
reliability in modern electrical distribution networks.

II. LITERATURE REVIEW

Conventional phase changeover systems rely on manual
switching to select an available phase from a three-phase supply
network. Although these systems are simple and inexpensive,
they often result in power interruptions, delayed response, and
increased risk of equipment damage due to voltage fluctuations
and phase failures. Manual phase selection also requires
continuous human supervision, making it unsuitable for modern
power management applications.

Several researchers have proposed automatic phase selection
systems to improve the reliability of single-phase power supply.
These systems utilize voltage sensing circuits, relays, and
microcontrollers to monitor the condition of all three phases and
automatically connect the load to the most suitable phase. Such
approaches reduce downtime and ensure continuous power
delivery during phase failure conditions.

Patel and Mehta [1] developed an automatic phase changeover
system using relay-based switching and voltage monitoring
circuits, demonstrating improved power availability and reduced
manual intervention. Kumar and Singh [2] proposed a
microcontroller-based phase selector capable of detecting phase
loss and automatically switching to a healthy phase. Their study
highlighted the benefits of fast response time and enhanced
system reliability.

Recent research has focused on integrating intelligent control
techniques and advanced monitoring capabilities into automatic
phase selectors. Sharma and Verma [3] presented a smart phase
management system with real-time voltage monitoring and fault
detection features. Similarly, Gupta et al. [4] developed an [oT-
enabled phase selector that allows remote monitoring and control,
improving system efficiency and user convenience.

Despite these advancements, many existing systems primarily
focus on basic automatic switching and lack intelligent decision-
making capabilities for selecting the most stable phase. The
proposed Smart Intelligent Three-Phase to Single-Phase Selector
addresses these limitations by continuously monitoring voltage
conditions, identifying the healthiest phase, and providing
reliable, uninterrupted power supply while protecting connected

loads from abnormal oReratin% conditions.
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III. METHODOLOGY

A. System Architecture

The Smart Intelligent Three-Phase to Single-Phase Selector
is designed around a microcontroller that acts as the central
monitoring and control unit. Voltage sensing circuits are
connected to the three input phases (R, Y, and B) to
continuously measure their voltage levels. The sensed data
is processed by the microcontroller, which evaluates the
condition of each phase and identifies the healthiest phase
based on predefined voltage thresholds. This enables real-
time monitoring of phase availability and power quality.
Based on the monitored voltage conditions, the
microcontroller controls a relay switching circuit to connect
the single-phase load to the most suitable phase. In the event
of phase failure, undervoltage, or overvoltage, the system
automatically transfers the load to another healthy phase,
ensuring uninterrupted power supply and protection of
connected equipment. The overall system consists of
voltage sensors, a microcontroller, relay driver circuits,
relays, a power supply unit, and status indicators for system
monitoring.

[ Insert original high-resolution figure (min 300 DPI) |
Fig. 1. Block diagram of the Smart Intelligent 3 Phase to 1 Phase Selector

TABLE I. PRINCIPAL SYSTEM COMPONENTS

oltage to sensitive compo.

Voltage
Regulator

7805 '}:rovides regulated DC

B. Hardware Subsystem

The hardware subsystem of the Smart Intelligent 3-Phase to
Single-Phase Converter consists of a microcontroller, voltage
sensing circuit, relays, switching devices, display unit, and a
regulated power supply. The system continuously monitors the
availability and condition of all three input phases using voltage
Sensors.

The voltage sensing circuits detect the presence or failure of
each phase and send the corresponding signals to the
microcontroller (such as an Arduino Uno). Based on these
signals, the microcontroller identifies the healthy phase and
automatically selects it for supplying power to the load.

TABLE II. SYSTEM DESIGN PARAMETERS

Parameter Design value
Controller IArduino Uno (ATmega328P)
Input Supply 3 Phase AC Supply

\Voltage Sensing Method Phase Detection Circuit

Component Specification Role in the System Signal Indicators LED (White) / LCD Display
Microcontroller PIC16F877A Main controller and —
decision-making unit Output Voltage 5V DC ( for controller circuit)
Transformer 12V Steps down mains AC to Programming Software |Arduino IDE
12V AC to power the
System Detection Method Phase availability/Phase Failure
White LED 5 mm LED, 2V Detection
Forward Voltage Warning indication
Control Method Automatic Phase Selection
LCD Display 16 X2 Display system status and
LCD imessage
Resistors Limit current to protect C. Software and Communication
2K Ohm LESs, transistor base and
other component . . . . .
The Arduino IDE is used for programming the Arduino Uno in
Breadboard | Standard Solderless Circuit assembly and the Smart Intelligent 3-Phase to Single-Phase Converter system.
Breadboard prototyping The software continuously monitors the status and availability of
all three input phases through the voltage sensing circuits. Based
on the signals received from the sensors, the Arduino identifies
the healthy phase and determines whether the currently connected
Power Supply 230V AC System power source phase is available or has failed. In case of a phase failure, the
program automatically selects the next available healthy phase
Switch 230V Tumns the Phase ON/OFF and switches the load to it using relays or contactors.
Capacitor 1000uf, 100uf Smooth and stabilize DC D. Operational S _equence . S
voltage, filters noise The system continuously monitors the availability of all three
Diode CTBC548B Allow current flow in one input phas;s (R, ¥, and B) using voltage SCNSOTS.
direction, used for protection The .Ardlinno‘ Uno receives the phase gtatus mgqals from the
and rectification sensing circuit. The controller checks which phase is healthy and
Transistor 17805¢y Acts as an electronic switch available. If the currently selected phase fails, the Arduino
and amplifier to drive relay automatically disconnects it. The controller selects the next
indicator available healthy phase and activates the corresponding relay.
Relay SC10-S-DCI12V  [Switches high voltage loads The selected phase is supplied to the single-phase load. LEDs or
based on system condition LCD indicators display the status of each phase and the active

output phase. The monitoring and switching process continues
continuously to ensure uninterrupted power supply.
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[ Insert original high-resolution figure (min 300 DPI) |
Fig. 2. Operational flow chart of the 3 phase to 1 phase
selector..

IV. RESULTS

The Smart Intelligent 3-Phase to Single-Phase Converter was
successfully implemented using an Arduino Uno, voltage
sensing circuits, relays, and LED indicators. During system
testing, the voltage sensing circuits accurately detected the
availability and failure of the three input phases and transmitted
the information to the Arduino controller. The Arduino
processed these inputs and automatically selected the healthy
phase for supplying power to the single-phase load.

The system successfully switched the load from a faulty phase
to the next available healthy phase without manual intervention,
ensuring continuous power supply. The relay switching
mechanism operated correctly during phase transitions,
preventing the load from being connected to a failed phase. The
LED indicators accurately displayed the status of each phase
and the currently selected output phase.

The prototype demonstrated reliable performance under
different phase failure conditions. Continuous monitoring and
automatic phase selection improved the reliability and
efficiency of the power distribution system while reducing
downtime and human effort. These results indicate that the
proposed system can serve as a cost-effective and intelligent
solution for uninterrupted single-phase power supply in
residential, commercial, and industrial applications.

Future work includes the integration of IoT-based remote
monitoring, fault diagnostics, and advanced protection features
such as overvoltage, undervoltage, and overload protection to
further enhance system performance and reliability.

V. DISCUSSION

The developed Smart Intelligent 3-Phase to Single-Phase
Converter effectively achieved automatic phase monitoring and
selection using the Arduino Uno controller. Experimental
results showed that the system was capable of continuously
monitoring all three input phases and automatically switching
the load to an available healthy phase whenever a phase failure
occurred.

The voltage sensing circuit provided accurate detection of phase
availability, enabling the controller to make quick and reliable
switching decisions. The relay-based switching mechanism
ensured uninterrupted power supply to the single-phase load,
thereby reducing downtime and eliminating the need for manual
phase selection. The system demonstrated reliable operation
under various phase failure conditions. Automatic phase
selection improved the overall efficiency and reliability of the
power distribution system, especially in areas where power
interruptions and phase failures occur frequently. In addition,
the use of Arduino technology made the system simple, cost-
effective, and easy to implement.

VI. CONCLUSION

This research presented the design and implementation of a
Smart Intelligent 3-Phase to Single-Phase Converter using an
Arduino Uno controller. The proposed system continuously
monitored the availability of all three input phases and
automatically selected the healthy phase to provide an
uninterrupted single-phase power supply.

Experimental results demonstrated that the system effectively
detected phase failures and successfully switched the load to an
available phase without manual intervention. The automatic
phase selection mechanism improved the reliability, efficiency,
and continuity of power supply while reducing downtime and
human effort. Furthermore, the use of low-cost components and
a microcontroller-based control strategy makes the system
economical and suitable for residential, commercial, and small
industrial applications.

Overall, the developed system proved to be a reliable and cost-
effective solution for intelligent power management. Future
enhancements may include loT-based remote monitoring,
advanced fault diagnostics, and additional protection features
such as overload and short-circuit protection to further improve
system performance and safety.
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