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Abstract- To protect electrical loads that are at risk of damage, especially where voltage imbalance is a concern, protection 

systems are necessary. Unbalanced loads and line impedance cause the device to detect uneven voltage. Major three-phase 

electrical consumers include businesses, hotels, offices, retail centres, manufacturing, and educational institutions (phases R, 

Y, and B). When electrical installations are planned and installed by technicians (electrical experts), the load connected to the 

R, Y, and B phases is always intended to be balanced evenly. However, during operation, electricity is not always distributed 

evenly in each phase, leading to an unbalanced load between phases. This imbalance results in power losses. The aim of this 

study is to compare the unbalanced load current with the load current after balancing, to assess the effectiveness of three-phase 

electrical load balancing. The Arduino Uno is used in this system to process and provide data to Visual Basic (VB). The 

system also measures loads and electrical characteristics, which can be scheduled to offer a monitoring platform with a 

graphical user interface (GUI). This GUI may be used in a smart meter system and displays real-time power information to 

illustrate the amount of energy consumed, assisting the operator in problem-solving. It is hoped that this study will make 

interference identification and evaluation simpler. 
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1. Introduction 

Single-phase AC, using a phase and neutral wire, powers 

household loads and small businesses. In contrast, three-

phase AC is used for power generation, transmission, and 

distribution. A three-phase generator has fixed coils spaced 

120 degrees apart, while a single-phase generator has a 

rotating coil. This results in three voltages that are 120° out 

of phase and are typically coloured red, yellow, and blue. 

Imbalances in three-phase systems can cause power 

fluctuations and neutral currents. This phase mismatch 

increases safety risks, reduces system efficiency, and can 

damage equipment. Real-time adjustments are needed to 

prevent these issues. The term "load balancing approach" 

refers to this real-time regulating method. In other words, 

load balancing is the technique used to prevent situations 

when the electrical systems are overloaded or under loaded 

[1]. Intelligent systems, such as electrical power systems and 

distribution networks, are essential for the future. Modern 

technology can address issues like voltage and current 

imbalances and uneven load distribution across phases. 

These imbalances can cause voltage drops, transformer 

malfunctions, and increased energy losses, impacting 

electricity production and network efficiency. To mitigate 

these problems and manage rising maintenance costs, various 

solutions are available. These include redistributing 
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transformers, using Scott and Steinmetz transformers, 

connecting circuit breakers and capacitors, employing static 

VAR compensators (SVC), reconfiguring feeders, and phase 

swapping [2,3]. 

By opening and closing switches, network 

configurations can be adjusted at both the system and feeder 

levels through phase swapping and feeder reconfiguration 

procedures [4, 5]. Phase swapping involves redistributing 

loads across the feeder's three phases to achieve balance. 

Although phase swapping is generally more effective, feeder 

reconfiguration involves relocating houses connected to the 

feeder by opening and closing switches at the beginning and 

end of each feeder. This method aims to balance the feeders 

in the electrical grid [6, 3]. Researchers have explored 

various techniques for feeder reconfiguration, including the 

Heuristic Search Approach [7], Genetic Algorithms (GA) 

[8], Fuzzy Logic [9], and combinations of Fuzzy Logic with 

Newton-Raphson methods [10]. 

This research introduces a new approach to re-

establishing balance in the electrical distribution network. It 

involves a redistribution and balancing device at the 

transformer and smart meters in homes that switch between 

phases using various contractors. Some homes have three-

phase loads, while others have single-phase loads. Balancing 

is achieved by switching phases in specific residences 

according to the heuristic search method. Imbalances in 

current or voltage arise from magnitude or phase shifts. 

Increased power consumption and imbalance occur over time 

[11]. Causes of unbalanced loads include increased loads on 

one phase, manual switching of single-phase houses to other 

phases, unequal distribution of single-phase loads on three-

phase lines, unequal impedances in power transmission or 

distribution, and unbalanced windings in three-phase devices 

like induction motors [12,13].   

The "voltage or current imbalance index" for distribution 

networks and residences can be determined by calculating 

the ratio between the negative and positive sequence 

components. According to the European Standard EN 50160 

(1994), an imbalance ratio within 2% is acceptable [14]. This 

ratio is calculated based on the deviation of one phase from 

the mean of the three phases. Similarly, the "phasing 

unbalance index (PUI)" of current can be determined [15]. 

This study introduces a real-time, automated load 

balancing system at the household level, addressing gaps in 

previous approaches that focus on system-wide phase 

swapping or feeder reconfiguration. Using smart meters and 

Arduino-based control, the system dynamically switches 

single-phase loads between three-phase lines, ensuring 

precise load balancing and immediate response to 

imbalances. Unlike traditional methods that require manual 

intervention, this approach automates the process via relays, 

reducing human error and improving efficiency.  

The integration of low-cost hardware components, such 

as Arduino microcontrollers, presents a cost-effective 

alternative to more expensive solutions like Scott and 

Steinmetz transformers or static VAR compensators (SVCs). 

Additionally, the use of a Visual Basic (VB) graphical user 

interface (GUI) for real-time monitoring and control 

enhances user interaction, allowing for better visualization 

and management of load conditions.  

A key contribution is the practical validation of the 

system through hardware simulation and a physical 

prototype, demonstrating the feasibility of the approach in 

real-world applications. By providing an affordable, 

automated, and scalable solution, this work offers significant 

improvements over existing techniques, particularly for 

smaller grids or regions with limited resources. 

2. Methodology 

In this paper, a three-phase load-balancing system has 

been explored. This automated load monitoring and control 

system comprises three components: a three-phase voltage 

monitoring unit, a load management decision device, and a 

load current monitoring unit. The Arduino Uno, programmed 

in C++, will connect to a personal computer via the RS232 

interface. VB is used for GUI interaction in this proposed 

system. Phase voltage measurements for R, Y, and B are 

taken using three potential transformers connected to voltage 

divider circuits and the Arduino's analog pins. The three 

distinct phase currents of the low-tension distribution feeder 

network are measured using three current transformers, 

whose outputs are connected to additional Arduino analog 

input ports. The voltage and current sensor outputs will 

provide the six analog inputs for the Arduino Uno. After 

processing these inputs, the Arduino Uno produces the 

necessary control signals. All input parameters are displayed 

on a PC using a GUI system developed with VB. 

 

 

 

 

 

 

 

 

 

Fig. 1. Block diagram of the proposed system. 

2.1.  Smart Load Management 

A smart load comprises a fixed load that remains 

constant and an adjustable load that is controlled over time. 

This research uses both high and light industrial loads to 

simulate industrial scenarios. Heavy industrial loads, such as 

those involving conveyor belts and motors, are more 

sensitive to energy rates compared to lighter loads. When an 

industrial load participates in Demand Response (DR), the 

daily total load must remain constant to meet the assigned 

output volume [16, 17]. However, the economic advantage 

must also be ensured. This study proposes a smart load 

management algorithm for DR that accounts for fluctuating 

labour and power prices. Typically, the cost of a single 
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product is divided into four categories: raw material costs, 

labour costs, power costs, and miscellaneous expenses (e.g., 

transportation and external effects). Raw material costs are 

further divided into direct and indirect expenses, and for 

simplicity, it is assumed that these costs remain constant over 

time. Therefore, the factors influencing DR for industrial 

loads are primarily labour costs and energy prices during 

each time period. Data is acquired in this study and displayed 

in the VB GUI, with features for controlling the setup 

directly from the GUI, as illustrated in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Load Management and Data Display on EMS 

Algorithm. 

 

3. Hardware Implementation 

The design of the proposed hardware, shown in Fig. 3, 

has been created using Proteus software. The automated 

three-phase load balancing system was initially implemented 

in Proteus simulation, and these findings were used to 

construct the hardware for the proposed system. The 

hardware is divided into three main circuits (current sensing, 

relay operating, and controller circuits) each comprising the 

electrical components depicted in Fig. 3 and displays the 

complete simulation of the autonomous three-phase load 

balancing system, including the electrical symbols and 

names of each component. The simulation is conducted using 

the Proteus program. It employs three-phase input and 

produces a single-phase output. The single-phase complete 

house load is connected to the phase with the least load 

among the three phases, allowing for load balancing as 

needed. The display shows fluctuations in parameters such as 

voltage, current, and the state of the connected phases at any 

given time. 

The circuit configuration of power supply unit has been 

shown in Fig. 4. The positive voltage regulator IC 7805 and 

7812 are installed in order to give a constant +5V and +12V 

dc, respectively, so that the microcontroller operates on +5V 

and the relay and relay driver IC operate on +12V dc supply. 

The input 220V AC supply is converted into a 12-16V DC 

supply with the aid of a full wave bridge rectifier, and it is 

filtered through a capacitor to get a pure DC supply. 

3.1.  Hardware 

This hardware is a prototype and experimental design of 

a three-phase distribution system, as shown in Fig. 5 and Fig. 

6. This configuration is particularly useful for addressing 

three-phase imbalances near distribution transformers. The 

issue arises because the LV side of the current radial 

distribution network is connected to a single full home load. 

Using this hardware can stabilize the power system and 

enhance the efficiency of the distribution transformer by 

shifting the single-phase load to the least-loaded phases of 

the three-phase LV network. Before finalizing the Arduino 

Uno programming and component assembly, the design and 

code were repeatedly tested using the VB real-time simulator 

to ensure functionality. Initially, the circuit was 

breadboarded for effective design manipulation and tested 

for reliability. The components were then assembled and 

soldered onto a Vero board, which was mounted on a 

wooden board. 

3.2.  Load Management System (EMS) 

In the management software built on the Visual Basic 

(VB). The management program's applications include real-

time monitoring, scheduling each component, and evaluating 

the feeder condition and operating mode, as seen in Fig. 7 

and Fig. 8. The screen of the GUI created in this proposed 

system at different stages of the operation is shown in Fig. 7. 

While the coloured circles show the three phases of the 

feeder/incoming lines, it also shows the voltage, current, real 

power, and reactive power of the individual phase. 
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Fig. 3. Circuit diagram of proposed system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Power supply unit. 

 

 

 

 

D
IG

IT
A

L
 (~

P
W

M
)

A
N

A
L

O
G

 IN

A
T

M
E

G
A

3
2
8
P

-P
U

1
1
2
1

~
~

~

~
~

~

TX

RX PD0/RXD
0

PD1/TXD
1

PD2/INT0
2

PD3/INT1
3

PD4/T0/XCK
4

PD5/T1
5

PD6/AIN0
6

PD7/AIN1
7

PB0/ICP1/CLKO
8

PB1/OC1A
9

PB2/SS/OC1B
10

PB3/MOSI/OC2A
11

PB4/MISO
12

PB5/SCK
13

AREF

PC5/ADC5/SCL
A5

PC4/ADC4/SDA
A4

PC3/ADC3
A3

PC2/ADC2
A2

PC1/ADC1
A1

PC0/ADC0
A0

RESET

ARD1

ARDUINO UNO R3

TR1

TRAN-2P2S

TR2

TRAN-2P2S

TR3

TRAN-2P2S

BR1

BRIDGE

BR2

BRIDGE

BR3

BRIDGE

5
0
%

IR
10k

5
0
%

IY
10k

5
0
%

IB
10k

+5V

R
VSINE

Y
VSINE

B
VSINE

R1
1k

5
0
%

RV4

10k

5
0
%

RV5

10k

R2
1k

R3
1k

5
0
%

RV6

10k

C3
104pF

C2
104pF

C1
104pF

C4
100uF

C5
100uF

C6
100uF

RXD

RTS

TXD

CTS

PC & VB6.0

RL1
NTE-R24-12

RL2
NTE-R24-12

RL3
NTE-R24-12

RL4
NTE-R24-12

+12V

RL5
NTE-R24-12

RL6
NTE-R24-12

L1
220V

L2
220V

L3
220V

L4
220V

Q1
BC547

R4

2.2k

D1
LED-YELLOW

R5

2.2k

Q2
BC547

R6

2.2k

D2
LED-YELLOW

R7

2.2k

Q3
BC547

R8

2.2k

D3
LED-YELLOW

R9

2.2k

Q4
BC547

D4
LED-YELLOW

R10

2.2k

R11

2.2k

Q5
BC547

R12

2.2k

D5
LED-YELLOW

R13

2.2k

Q6
BC547

R14

2.2k

D6
LED-YELLOW

R15

2.2k

Load_R

Load_Y

Load_B

Additional Load

D7
1N4007

D8
1N4007

D9
1N4007

D10
1N4007

D11
1N4007

D12
1N4007

TR1

230V/12V-0-12V

A
C

 M
A

IN
S

VSINE_220V

D1

1N4007

D2

1N4007

C1

104pF

C2
1000uF

VI
1

VO
3

G
N

D
2

U4
7805

VI
1

VO
3

G
N

D
2

U5
7812

C3
104pF

C4
104pF

C5
100uF

C6
100uF

+5V

+12V



INTERNATIONAL JOURNAL of SMART GRID  
Md. Humayun Kabir Khan et al. ,Vol. 8, No. 3, September, 2024 

 159 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Complete hardware setup for load balancing 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Complete hardware setup (prototype) in 

operation. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Designed GUI for the proposed system. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Designed GUI and hardware in operation. 

 

Fig. 9. CSV data from Arduino through RS232. 

4. Results 

While the loads on the three-phase input line vary, the 

single-phase output load is maintained constant. Relays 

connect the entire house load to the phase that is least 

burdened. In each phase, the variable loads range from 0 to 

1000W. The display’s phase switching between the three 

phases of the incoming load was continuously monitored, 

and the output load was analysed based on the load 

conditions at various levels, revealing different phase 

switching at different loads. Examples of how CSV data 

from the hardware is processed and sent to the computer via 

the RS232 interface are shown in Fig. 9. This data is then 

forwarded to the VB GUI interface. In this study, the system 

cut-off was simulated using selector switches, and the 

variation of load current was controlled with the help of 

potentiometers. 



INTERNATIONAL JOURNAL of SMART GRID  
Md. Humayun Kabir Khan et al. ,Vol. 8, No. 3, September, 2024 

 160 

4.1.  Situation 1 (Blue phase is disconnected) 

The selector switch for the Blue-phase has been switched 

off to portray a situation where this phase gets cut off. Thus, 

the VB GUI turns the blue circle into black and gives a 

warning prompt 'Blue phase missing,' along with a voice 

announcement, as shown in Fig. 10. 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

(b) 

Fig. 10. (a) The missing blue phase is indicated by switching 

off the selector switch on the hardware, and (b) the 

corresponding result is displayed in the VB GUI. 

4.2.  Situation 2 (Yellow phase is disconnected) 

Similarly, the selector switch for the Yellow-phase has 

been switched off to portray a situation where this phase gets 

cut off; thereby, the VB GUI turns the yellow circle into 

black and gives a warning prompt ‘Yellow phase missing,’ 

along with a voice announcement, as shown in Fig. 11. 

4.3. Situation 3 (Red phase in overload condition) 

When the Red phase experiences an overload situation, 

the VB GUI shows the power rating in red, gives a warning 

prompt 'Red phase overloaded,' and provides a voice 

announcement, as shown in Fig. 12. 

4.4.  Situation 4 (Blue phase in overload condition) 

Fig. 13 shows that when the blue phase experiences an 

overload situation, the VB GUI displays the power rating in 

red and provides a warning prompt, “Blue phase 

overloaded,” along with a voice announcement. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. When the Yellow phase is missing. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12. When the Red phase is overloaded. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. When the Blue phase is overloaded. 

4.5. Situation 5 (More than one phase over loaded) 

Fig. 14 shows that when the yellow and blue phases 

experience an overload situation, the VB GUI displays the 

power rating in red and provides a warning prompt, “Y and 

B phases overloaded,” along with a voice announcement. 
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Fig. 14. Illustration of the situation when more than one 

phase is overloaded. 

4.6. Situation 6 (VB GUI controlling the load) 

In Fig. 15(a), the LR-ON button was pressed, which is 

reflected in the hardware shown in Fig. 15(b), where an 

additional load is connected to the red phase. Similarly, in 

Fig. 16(a), LR-OFF was used, resulting in Fig. 16(b), which 

shows the additional load being switched off. Fig. 15 

illustrates the load connected to each phase, with the selector 

switches pressed to turn the load ON. Fig. 16 demonstrates 

the load being turned OFF from the GUI and how the 

operation is carried out in practice. The Arduino Uno detects 

load fluctuations and sends a signal to the quick-switching 

relay to connect the single full-house load to the least loaded 

phase of the three-phase LV network. No neutral current 

flows when the load varies from 0 to 500W on each phase. 

Instead, the load varies while measurements are collected at 

various points. There will be no neutral current flow within 

the mentioned fluctuation range, ensuring system stability. 

This hardware is designed to handle a load variation of 30A, 

but the proposed system also modifies it to increase its load 

variation rating to meet additional requirements. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15. (a) Additional load is connected to the Red phase by 

switching on the LR-ON button. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15. (b) Turning on the bulb on the right side indicates 

that the additional load is connected to the Red phase. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. (a) Additional load is disconnected from the Red 

phase by switching off the LR-OFF button. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. (b) Turning off the bulb on the right side indicates 

that the additional load has been disconnected from the Red 

phase. 
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4.7. Advantages 

The proposed three-phase load-balancing system offers 

several key advantages over traditional methods. It provides 

real-time automated balancing, continuously monitoring and 

adjusting phase loads without manual intervention, 

improving efficiency and response times. Using Arduino 

Uno and a GUI for precise measurement and control, the 

system enhances accuracy by dynamically distributing loads 

to prevent phase overloading. This reduces issues such as 

voltage instability, energy losses, and neutral current flow, 

ensuring system stability. Additionally, the system enables 

cost-efficient load shifting, optimizing energy consumption 

and reducing power losses, which improves the efficiency of 

the distribution transformer. The user-friendly GUI provides 

real-time monitoring and control, offering immediate 

feedback on phase conditions and allowing for quick 

decision-making. By balancing loads across phases, the 

system minimizes energy losses and neutral current, a 

common issue in unbalanced systems. The prototype testing 

in Proteus and modular design allows for easy scalability, 

making it suitable for larger applications. Moreover, voice 

and visual alerts for phase disconnection or overload enhance 

safety, a crucial feature that traditional systems lack. 

5. Conclusion 

Load unbalancing can lead to issues with phase 

unbalancing. Automated three-phase load equalization offers 

a solution. This study describes a load balancing model for a 

smart low-tension feeder. The proposed model utilizes an 

Arduino to make decisions and operate according to 

specified preferences. Currently, load shifting is done 

manually, but the proposed system, which balances the three 

phases by monitoring electrical components, using control 

panels, and switching matrices, aims to eliminate labour and 

enhance precision. This benefits the electricity grid. 

Although the domestic load is a single phase connected to a 

three-phase distribution network, phase unbalancing occurs 

due to overloading one phase relative to the others. To 

address this issue, the distribution system must equalize the 

load across each phase. Achieving equitable sharing reduces 

energy losses, overload situations, and return current flow in 

the neutral of a three-phase system. The proposed 

technology, which involves a microcontroller and relay-

based hardware, enables the implementation of an automated 

three-phase load-balancing system. Fast-switching relays are 

employed to shift the domestic load to the least loaded phase 

through the hardware installed on the incoming three-phase 

lines. By switching the relay ON/OFF, the entire home load 

is connected to the phase with the least load. Hardware and 

simulation results demonstrate the effectiveness of 

microcontroller and relay switching in reducing unbalancing 

in three-phase lines. Additionally, the system maintains 

voltage stability and control across all three phases. 
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