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ABSTRACT

This paper presents the design and implementation of an loT Based Supply Control System using
Arduino Uno and HC-05 Bluetooth module for remote switching of 230V AC electrical loads up to
1000W. The system enables wireless control via smartphone application with 8 meters Bluetooth range,
addressing safety risks in manual MCB operation.

The hardware consists of Arduino Uno, HC-05 module, and 5V relay mounted on PCB within P65 rated
enclosure.

Experimental results demonstrate average response time of 1.3 seconds with 100% reliability over 50
consecutive ON/OFF cycles. Power consumption is 45mA idle and 70mA during operation. The system
provides safe remote switching and is cost-effective for domestic applications. Future work includes
GSM module integration for extended range.
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INTRODUCTION

Electrocution remains a critical safety hazard in residential, commercial, and industrial sectors across
India. According to the National Crime Records Bureau 2023, electrical accidents account for over
11,000 deaths annually, with a significant portion occurring due to unsafe handling of live electrical
lines during maintenance activities. The primary cause of such fatalities is the reliance on traditional
Miniature Circuit Breakers (MCB) that require manual operation, exposing electrical workers to direct
contact with live circuits. In many cases, workers forget to de-energize the line before initiating repair
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work, leading to fatal accidents.

Conventional protection devices like MCB and ELCB have an inherent operational latency of 3-5
seconds, which is insufficient to protect sensitive electronic equipment and prevent fire hazards caused
by short circuits or overload conditions [1]. Furthermore, these devices lack remote monitoring
capabilities, making it difficult to track the operational status of electrical supply in real-time, especially
in large facilities or isolated locations.

To address these challenges, this paper proposes an loT-based supply control system utilizing Arduino
Uno microcontroller and HC-05 Bluetooth module that enables remote operation of MCB through a
dedicated mobile application within an 8-meter range. The system allows electrical workers to safely
disconnect power from a distance before commencing maintenance work, thereby eliminating direct
exposure to live electrical lines. To ensure reliability in harsh industrial environments, all components
are housed in an IP65-rated enclosure, offering protection against dust and water ingress.The proposed
system significantly reduces response

time during emergencies from 3-5 seconds to 1.3 seconds, as validated through experimental testing.
This rapid disconnection capability is crucial for preventing electrical fires and minimizing damage to
connected appliances. The solution is cost-effective, easy to implement, and particularly suitable for
rural areas where internet connectivity is unreliable, since it operates on Bluetooth technology without
requiring WiFi or cloud infrastructure.

BLOCK DIAGRAM
The proposed system consists of a transmitter section and a receiver section. The transmitter section
includes a smartphone with Bluetooth application.
The receiver section includes HC-05 Bluetooth module, Arduino Uno, relay module, and MCB for
controlling the load.
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Figure 1: Block Diagram of 10T Based Supply Control System

Figure 1 illustrates the proposed 0T based supply control system. The user sends ON/OFF commands
from the smartphone to Arduino via Bluetooth.

BACKGROUND
Existing GSM-based systems suffer from network dependency and high operational cost. Wi-Fi based
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solutions require continuous internet connectivity. The Bluetooth-based approach adopted in this paper
offers a low-cost, low-power, and reliable solution for on-site maintenance
scenarios where the technician is within 10 meters of the distribution panel.

CIRCUIT DIAGRAM

The hardware implementation uses Arduino UNO as the central processor. The HC-05 Bluetooth module
is interfaced with Arduino using digital pins 0 (RX) and 1 (TX). A 5V single-channel relay module is
connected to digital pin 7 of Arduino through a BC547 transistor driver circuit. The normally open
contact of the relay is connected to the shunt trip coil of the MCB. An LED indicator is connected to
digital pin 13 to display the relay ON/OFF status.

METHODOLOGY

The Android application is developed using MIT App Inventor. On pressing the “TRIP” button, the app
transmits ASCII character ‘0’ via Bluetooth.

Arduino receives this command and sets pin 7 HIGH for 500ms. This energizes the relay, which supplies
current to the MCB trip coil, disconnecting the load. Similarly, '1' command allows manual reset of
MCB. The relay status is indicated via the LED connected to pin 13.

IMPLEMENTATION

The prototype was mounted on a general-purpose PCB and tested with a 230V AC supply and resistive
loads from 60W to 1000W. Bluetooth connectivity using HC-05 module was stable up to 8 meters. The
average response time from command to MCB actuation was 1-2 seconds. The system was tested for 50
consecutive ON/OFF cycles with zero failure rate.

A. Hardware Setup

The hardware implementation involves connecting Arduino Uno with HC-05 Bluetooth module, 5V
single-channel relay module, and LED indicator. The detailed pin configuration is: Arduino Digital Pin 7
-> Relay IN, Arduino RX (Pin 0) -> HC-05 TX, Arduino TX (Pin 1) -> HC-05 RX via voltage divider,
Arduino Digital Pin 13 -> LED.Power supply of 5V 2A adapter is used for

stable operation of Arduino and relay. All connections are soldered on PCB to avoid loose contacts. An
IP65 rated enclosure

box is used for industrial safety and protection.

B. Software Code Explanation

The Arduino IDE code initializes serial communication with HC-05 at 9600 baud rate.

When character 1" is received via Bluetooth from the smartphone app, the Arduino

sets Digital Pin 7 HIGH to activate the relay and turn ON the MCB. When character '0'

is received, Pin 7 is set LOW to turn OFF the MCB.The smartphone application displays the current
status as "Load ON" or "Load OFF" . The system continuously monitors the Bluetooth serial buffer for
new commands.

RESULTS & DISCUSSION

The system was tested for 30 days in a residential environment with 230V AC supply and varying loads
from 60W to 1000W. The average response time from smartphone command to relay actuation was
measured as 1.3 seconds. Bluetooth connectivity using HC-05 module was stable up to 8 meters range
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with 100% success rate in line-of-sight conditions.

Power consumption of the Arduino Uno board was measured 45mA during idle state and 70mA during
relay operation. The system successfully completed 50 consecutive ON/OFF cycles with zero failure
rate. No overheating or component failure was observed during continuous 24-hour operation.

The overall system efficiency was found to be satisfactory for domestic and small commercial
applications.

CONCLUSION

The 10T Based Supply Control System using Arduino Uno and HC-05 Bluetooth module was
successfully designed, implemented, and tested for 230V AC applications. The system provides a
reliable and cost-effective solution for remote switching of electrical loads up to 1000W via smartphone
application.

The prototype demonstrated stable Bluetooth connectivity up to 8 meters range with an average response
time of 1.3 seconds from command transmission to MCB actuation. During testing, the system
completed 50 consecutive ON/OFF cycles with zero failure rate, confirming its operational reliability.
Power consumption analysis showed 45mA during idle state and 70mA during relay operation, making it
energy efficient for continuous use. The use of PCB-based soldered connections and IP65 rated
enclosure box eliminates risks of loose contacts and provides industrial-grade safety for domestic and
commercial use.

Future enhancements may include integration of current sensors for energy monitoring, automatic
scheduling functionality, and multi-channel relay control for managing several loads simultaneously.
The system can be further upgraded with GSM module to overcome Bluetooth range limitations for
long-distance remote operation.

FUTURE SCOPE

Future enhancements include ESP32 with Wi-Fi for long-range control [1][4]l,MQ2 gas sensors for
safety monitoring [2] , and cloud platforms like Blynk for data logging [3][5]. Machine learning can be
added to predict faults based on load patterns for predictive maintenance.
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