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Abstract

Small, compact, and embedded sensors are becoming increasingly
ubiquitous in everyday applications, including wearable devices,
home automation, and e-health systems. Wireless transmission
plays a crucial role in these technologies, with Bluetooth Low
Energy (BLE) emerging as a leading solution due to its strong
performance, low energy consumption, and widespread adoption.
This review explores the methodologies used to assess BLE
performance, focusing on its protocol characteristics and key
performance metrics. It covers important factors such as
throughput, maximum number of connectable devices, power
consumption, latency, and range. The findings show that while BLE
throughput can theoretically reach up to ~230 kbps, practical
applications typically achieve a throughput of around ~100 kbps.
Range is dependent on radio power and can extend to several tens
of meters. The maximum number of connected nodes is typically
under 10, influenced by connection parameters and network
architecture. Power consumption and latency are affected by
various factors and require further experimental validation to

better understand the true limits of BLE technology.

INTRODUCTION

AC load control is a crucial process for managing
the power consumption of electrical devices
connected to an AC power source. It plays a
pivotal role in optimizing energy usage,
reducing operational costs, and ensuring the
safety of electrical systems. However, traditional
wired load control methods come with
limitations, such as the need for physical
connections and restricted mobility, making
them less suitable for modern applications. As a
result, there is an increasing demand for
wireless solutions that offer enhanced flexibility,
convenience, and ease of use.

Bluetooth technology, known for its low power
consumption, broad compatibility, and ease of
implementation, provides an ideal solution for
wireless communication over short distances.
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This project, titled "BlueSwitch," aims to
develop a Bluetooth-enabled device for the
remote control of AC loads. By enabling wireless
control, the project seeks to offer users greater
convenience and flexibility in managing their
electrical devices, addressing the limitations of
traditional wired methods.

The BlueSwitch project seeks to leverage
Bluetooth technology to enable remote control
of AC loads. By creating a Bluetooth-enabled
device, the project aims to enhance user
flexibility and convenience in managing
electrical devices, advancing the modernization
of AC load control systems.

RELATED WORK
In modern electrical systems, managing the
power consumption of devices connected to an
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alternating current (AC) power source is
essential for optimizing energy use, improving
efficiency, and reducing costs. However,
traditional AC load control methods rely heavily
on wired connections, which can be
cumbersome and inflexible. These wired
systems often limit mobility, requiring users to
be physically present to control devices, and are
not well-suited to the growing demand for more
adaptable, user-friendly solutions.

To address these limitations, there is an
increasing need for wireless solutions that offer
greater flexibility, convenience, and ease of use
in managing electrical loads. Bluetooth
technology has emerged as a promising solution
due to its low power consumption, broad
compatibility, and ease of implementation.
Bluetooth enables wireless communication
between devices over short distances, making it
ideal for controlling electrical systems without
the constraints of physical wiring.

The "BlueSwitch" project aims to develop a
Bluetooth-enabled device specifically designed
for the wireless control of AC loads. By
integrating Bluetooth technology, BlueSwitch
will allow users to remotely manage electrical
devices, such as lights, fans, or appliances, via a
smartphone or other Bluetooth-enabled devices.
This wireless control eliminates the need for
manual intervention and provides enhanced
flexibility, enabling users to turn devices on or
off from virtually any location within the
Bluetooth range.

The BlueSwitch device will be compact, easy to
install, and cost-effective, making it an ideal
solution for residential, commercial, and
industrial applications. By empowering users to
monitor and control their energy usage
remotely, the project will contribute to smarter
energy management, reducing both operational
costs and environmental impact. Furthermore,
Bluetooth’s widespread compatibility allows the
system to integrate seamlessly into existing
smart home or industrial automation
frameworks.

In summary, BlueSwitch represents a step
forward in achieving more efficient, flexible, and
convenient wireless AC load control, meeting
the growing demand for modern, user-centric
energy management solutions.

OBJECTIVE

AIM: Wireless AC Load Control

Develop a Bluetooth-enabled device, BlueSwitch,
to wirelessly control AC loads, providing users
with convenient and flexible control options.
Hardware Development: Design and prototype a
compact, user-friendly device capable of
wirelessly controlling AC loads.
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Bluetooth Integration: Implement Bluetooth
technology to enable seamless communication
between the control device and AC loads.

Mobile Application Development: Develop a user-
friendly mobile application compatible with
Bluetooth-enabled devices for remote control of
AC loads.

Testing and Validation: Conduct comprehensive
testing to ensure the reliability, safety, and
effectiveness of BlueSwitch in controlling
various types of AC loads.

METHODOLOGY

System Design and Requirements Analysis:

1. Objective Definition:

The primary objective of the project is to design
and develop a Bluetooth-enabled system
capable of remotely controlling AC loads such as
lights, appliances, and other electrical devices.
The system should prioritize low power
consumption to ensure efficiency, alongside the
integration of Bluetooth technology for wireless
communication. Key goals include providing
users with a seamless and intuitive method for
controlling electrical devices remotely, ensuring
system reliability and safety, and facilitating
easy integration with smartphones and other
Bluetooth-enabled devices.

Feature Set:

The system should support the following core
features:

Bluetooth  Connectivity:  Enable  wireless
communication between the user’s device
(smartphone/PC) and the BlueSwitch unit.

Remote Control: Allow users to turn AC loads on
or off, or check their operational status, from
anywhere within Bluetooth range.

Monitoring Power Consumption: Provide users
with insights into the power usage of connected
AC devices, allowing for smarter energy
management.

Multiple Device Support: Allow users to control
multiple AC loads with a single interface.

User-Friendly Interface: Design an intuitive
control interface that simplifies interaction for
users of all technical backgrounds.

2. Hardware Design:

Microcontroller Selection:

The choice of microcontroller is critical to the
system’s overall performance. An appropriate
microcontroller, such as Arduino or ESP32, will
be selected based on its ability to manage
Bluetooth communication, input/output
operations, and interface with the AC load
control system. The microcontroller must
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handle low-level operations while maintaining
seamless wireless communication.

Bluetooth Module:

A suitable Bluetooth module (e.g., HC-05 or HC-
06 for classic Bluetooth or ESP32 for Bluetooth
Low Energy, BLE) will be integrated into the
device. BLE is typically favored for its low power
consumption and extended battery life, making
it ideal for wireless communication between

BlueSwitch and smartphones or other
Bluetooth-enabled devices
AC Load Switching:

The system will include a relay circuit that
safely switches AC loads on and off. The relay
will act as an intermediary between the low-
voltage control signals from the microcontroller
and the high-voltage AC devices, ensuring that
users can control their electrical devices
remotely without compromising safety.

Power Supply:

The power supply will be designed to provide
reliable power to all components. Typically, an
AC-to-DC adapter will be used to supply power
to the microcontroller and the relay circuit,
ensuring that the system operates smoothly and
continuously.

3. Communication Protocol Design:

Bluetooth Protocol:

The project will primarily utilize Bluetooth Low
Energy (BLE) due to its power efficiency and
wide adoption. BLE will enable efficient, low-
latency communication between the BlueSwitch
unit and control devices (smartphones, PCs).
The Bluetooth protocol will be implemented
using standard communication methods such as
the Serial Port Profile (SPP) or the Bluetooth
Generic Attribute Profile (GATT).

Data Transmission:

Communication will involve simple commands
such as "ON," "OFF," and "STATUS" to control
or monitor the state of the connected AC loads.
Each command will trigger specific actions, and
the status of the connected devices will be
transmitted back to the user interface for real-
time monitoring.

Security Measures:

To ensure that only authorized users can control
the system, security measures such as
Bluetooth pairing and password
authentication will be implemented. This will
prevent unauthorized access to the system and
ensure that the device can only be controlled by
authenticated users.

4. Software Development:

Firmware Development for Microcontroller:
Firmware will be developed for the
microcontroller to handle Bluetooth
communication, manage the relay switches, and
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ensure low power consumption. The firmware
will process commands received via Bluetooth
and execute the corresponding actions, such as
switching the connected AC load on or off.
Additionally, the firmware will monitor the
system’s status and send it back to the mobile
app or control device.

Mobile or PC App Development:

A mobile app (Android/iOS) or desktop
software (Windows/Linux) will be developed to
serve as the user interface. The app will allow
users to connect to the BlueSwitch device via
Bluetooth and send control commands, such as
turning devices on/off or checking their current
status. Cross-platform frameworks like Flutter,
React Native, or Android Studio will be used to
ensure compatibility across different devices.
User Interface (Ul):

The app will feature an intuitive, user-friendly
interface that provides users with clear control
options. The interface will allow users to easily
control multiple devices, monitor their power
consumption, and view the status of connected
loads in real time.

5. Testing and Debugging:

Prototype Testing:

A prototype of the system will be built and
tested under various conditions to assess the
system's reliability, communication range, and
accuracy of device control. Testing will involve
controlling different types of AC loads and
ensuring that Bluetooth communication remains
stable and reliable over the expected range.
Power Consumption and Efficiency:

The power consumption of the system will be
carefully evaluated, especially the Bluetooth
module and microcontroller, to ensure that the
device is energy-efficient. Testing will confirm
that the system operates effectively without
excessive energy usage, extending battery life in
portable use cases.

Safety Testing:

Comprehensive safety tests will be performed to
ensure that the relay circuit and other
components can handle the electrical
requirements of connected AC loads without
risk of overheating, short circuits, or other
hazards. Safety protocols will be implemented to
protect both users and devices.

6. Optimization:

Signal Range:

The Bluetooth range will be optimized for
reliable communication over typical distances
(e.g., within a room or building). Adjustments to
the antenna design or transmission power
settings will be made as needed to ensure stable
communication in the intended environment.
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Low Power Consumption:

The power consumption of both the Bluetooth
module and the microcontroller will be
optimized for minimal energy usage, extending
the system's battery life if necessary. This is
particularly important for portable or battery-
operated models, where energy efficiency is key.

7. Deployment and Final Testing:

Final System Assembly:

The final system will be assembled, ensuring
that all components are securely housed and
protected. The user interface (whether mobile
or desktop) will be fully integrated and
thoroughly tested to guarantee functionality and
user experience.

Field Testing:

Real-world testing will be conducted in various
environments, such as homes, offices, and
industrial settings, to verify that the system
performs as expected under different conditions.
Feedback from these tests will help fine-tune the
system before commercial release.

User Feedback:

User feedback will be gathered through surveys
or testing sessions to identify any areas of
improvement or additional features that might
be needed. This will help refine the system and
ensure it meets the expectations and needs of
users.

BLOCK DIAGRAM
—
2 Channel
Relay
-
HC 05 Arduino
Bluetooth Nano
-
Fig 1.Block Diagram for Wireless AC Load Control with Bluetooth
Android App: from the Bluetooth module and controls the
Role: The smartphone (or a PC) acts as relay to switch the AC load on or off.
the user interface for controlling the AC load. . Working: The microcontroller

The control app communicates wirelessly with
the Bluetooth module via Bluetooth.

Working: The wuser sends control
commands (such as ON, OFF, or status request)
from the app to the Bluetooth module.

Bluetooth Module:

Role: This module (e.g, HC-05 for .
Bluetooth Classic or ESP32 for Bluetooth Low
Energy) enables wireless communication
between the smartphone and the .
microcontroller.

Working: It receives the commands sent
by the smartphone and transmits them to the
microcontroller. In Bluetooth Low Energy (BLE),
data is transmitted in packets, and the Bluetooth
module allows the microcontroller to interpret
these packets.

Microcontroller (e.g., Arduino or ESP32): .

Role: The microcontroller is the brain of
the system. It processes the commands received

27

interprets the Bluetooth signals (such as "ON" or
"OFF" commands) and triggers the relay to
control the connected AC load. It can also send
feedback to the app (e.g., "Load ON" or "Load
OFF™).

Relay Module:

Role: A relay acts as an interface
between the microcontroller and the high-
voltage AC load.

Working: When the microcontroller
sends a signal to the relay, it opens or closes a
switch that controls the flow of electricity to the
AC load (e.g., appliances, lights, fans). The relay
ensures that the microcontroller only deals with
low-voltage control signals while safely
switching high-voltage AC power.

AC Load:

Role: The AC load represents the
electrical devices being controlled, such as
appliances, fans, lights, etc.
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Working: The AC load is turned on or
off depending on the state of the relay, which is
controlled by the microcontroller. The relay
completes or interrupts the circuit to the AC
load based on the commands received from the
smartphone.

ADVANTAGES

Enhanced Convenience: BlueSwitch offers
wireless control of AC loads, enabling users to
manage electrical devices effortlessly from
anywhere within Bluetooth range. This feature
provides significant flexibility, allowing for
remote operation and enhancing user
convenience.

Improved Safety: By enabling remote control of
AC loads, BlueSwitch reduces the need for
physical interaction with electrical devices,
minimizing the potential for electrical accidents
and improving overall safety. It helps users
avoid dangerous manual handling of high-
voltage equipment, ensuring safer operation.
Energy Efficiency: BlueSwitch helps users
optimize their energy usage by enabling precise
control of AC devices. With the ability to turn
devices on or off as needed, users can reduce
unnecessary power consumption, leading to
potential energy savings and lower electricity
costs over time.

Scalability: BlueSwitch is designed to be easily
scalable, allowing users to control multiple AC
loads simultaneously. Its compatibility with
existing smart home systems makes it a
versatile solution suitable for both residential
and commercial applications, accommodating
the growing need for smart, connected devices.
User-Friendly Interface: The BlueSwitch
system features an intuitive mobile application
that provides a seamless user experience. With
easy navigation and straightforward controls,
users can quickly manage their AC loads, making
the system accessible and easy to operate for
everyone, regardless of their technical expertise.

CONCLUSION

In conclusion, Bluetooth Low Energy (BLE)
demonstrates significant potential for a variety
of applications, particularly in wearable devices,
home automation, and e-health systems, due to
its  efficient performance, low power
consumption, and broad adoption. The review
highlights key performance metrics such as
throughput, range, the maximum number of
connectable devices, power consumption, and
latency. While BLE offers promising theoretical
performance, practical implementations
typically show more modest results, with
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throughput around 100 kbps and a range
extending up to several tens of meters. The
number of connected devices is usually limited
to fewer than 10, depending on specific
connection parameters and network
configurations. To fully optimize BLE's potential,
further experimental investigations are needed,
particularly to refine power consumption and
latency characteristics.
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