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Abstract—An encoded RF - based remote control system
enhanced with RF energy harvesting and intelligent load
management for smart home automation applications. The
system utilizes an RF transmitter to send encoded control
commands to a microcontroller-based receiver, which
decodes the signals and operates connected household
appliances such as fans, lights, and electronic devices. In
addition to wireless control, the system integrates an RF
energy harvesting module that captures ambient RF signals
from sources like mobile towers, Wi-Fi routers, and
broadcast stations. The harvested electromagnetic energy
is rectified, converted into DC power, and stored in a
capacitor or rechargeable battery to supplement the
system’s power requirements. To further enhance system
efficiency, an intelligent load management unit is
incorporated to monitor connected devices and optimize
power distribution based on available harvested energy.
The system prioritizes essential loads, minimizes grid
dependency, and prevents unnecessary power consumption
by switching off idle devices. By merging encoded RF
control technology with sustainable energy harvesting and
automated power allocation, the proposed model
demonstrates a reliable and energy- efficient smart home
solution. This approach ensures seamless device operation,
reduced electricity usage, and improved system stability,
making it suitable for future 10T-based energy-aware
environments.

Index Terms—Encoded RF transmitter, RF energy
harvesting, smart home automation, Arduino
microcontroller, wireless control system, intelligent load
management, energy optimization, ambient RF power
conversion.

I. INTRODUCTION
In the modern era, the proliferation of electrical
appliances in homes and industries has led to an

increased demand for smarter, more efficient, and
convenient control mechanisms. Traditional control
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systems, reliant on physical switches and extensive
wiring, are often inflexible, costly to install, and
inconvenient for managing multiple devices,
especially in large or complex environments. The
quest for a seamless, wireless control solution has
become a focal point in the fields of home and
industrial automation. While wireless technologies
like Wi-Fi and Bluetooth offer solutions, they often
require constant power at both the transmitter and
receiver ends, leading to dependency on batteries or
wired power supplies, which adds to maintenance and
environmental concerns. Radio Frequency (RF)
technology presents a robust and versatile solution for
wireless communication, operating effectively
without the need for a direct line of sight and capable
of penetrating walls and obstacles. However, a ground
breaking advancement in this domain is the concept of
RF Energy Harvesting.

This technology involves capturing and converting
ambient RF energy from transmitted signals into
usable electrical power. By integrating this principle
into a control system, it is possible to create receiver
modules that are entirely self-powered, drawing the
energy they need to operate directly from the control
signals sent to them.

"RF Harvesting Based Wireless Multi- Channel
Electrical Appliance Control System," embodies this
innovative approach. It establishes a system where a
portable, battery-powered transmitter sends encoded
commands. The corresponding receiver unit,
connected to various appliances, harvests the energy
from these very RF commands to power its
microcontroller.

This microcontroller then processes the instruction
and activates the necessary relay to switch the
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appliance on or off. This eliminates the need for
batteries or a wired power source at the receiver end,
paving the way for a truly wireless and maintenance-
free automation solution. Furthermore, the system is
designed for scalability and intelligence. Utilizing the
powerful ESP32 microcontroller provides a
foundation for future integration with Internet of
Things (I0T) platforms, enabling remote control via
smartphones and integration into broader smart home
or industrial ecosystems.

By ensuring safety through relay-based isolation of
high- voltage appliances and offering multi-channel
control from a single remote, this project presents a
cost-effective, reliable, and sustainable model for the
next generation of automation systems.

It represents a significant step towards reducing
electronic waste, simplifying installations, and
enhancing user control over their environment.

Il. LITERATURE SURVEY

In the modern world, electrical appliances are widely
used at home and in industry; this has led to increasing
demands for smarter, efficient, and convenient control
mechanisms. Most conventional control systems, with
their reliance on physical switches and extensive
wiring, are usually inflexible, costly to install, and
unwieldy for multiple devices, especially in
environments that are too big or too complicated.
Seamless wireless control has thus become a hot topic
in home and industrial automation. Wireless
technologies such as Wi-Fi and Bluetooth thus offer
solutions, although they are not altogether satisfactory.

Many applications require constant power on both the
transmitter and receiver sides and thus these are
dependent either on batteries or wired powers, which
further creates maintenance and environmental
burdens. Radio Frequency (RF) is a strong and flexible
technology in wireless communication, operating
quite effectively even in the absence of a line-of-sight
scenario and going through walls and obstacles.
However, a breakthrough innovation in this regard is
the concept of RF energy harvesting.

The technology involves the collection and conversion
of ambient RF energy from transmitted signals into
electrical power. The integration of this principle into
a control system allows the use of completely self-
powering receiver modules, taking all the energy they

IJIRT 197811

need to operate from control signals sent to them.

A good example of this innovative approach can be
found in the project "RF Harvesting Based Wireless
Multi-Channel Electrical Appliance Control System."
In this project, a portable, battery-powered transmitter
sends encoded commands to a corresponding receiver
unit that will connect appliances. Energy is harvested
for its microcontroller from those very RF commands.

This microcontroller processes the instruction further
and activates the corresponding relay to switch the
appliance on or off. And this is where it does not
require any batteries or even a wired power supply at
the receiver end, thus making it really wireless and
maintenance-free automation. Furthermore, it is
designed to be scalable and intelligent. With the
powerful ESP32 microcontroller, it can be very easily
scaled up in the future for integration with 10T
platforms on the internet, hence enabling remote control
using smartphones and integration into wider smart
home or industrial ecosystems. It intends to provide a
cost-effective, reliable, and sustainable model for next-
generation automation systems by ensuring safety
through the relay-based isolation of high- voltage
appliances and multi-channel control via a single
remote. It is a major step toward reducing electronic
waste, simplifying installations, and putting the user in
greater control of his environment.

I1l. METHODOLOGY

The proposed project is a digitally encoded RF-
based remote controller system, which wirelessly
controls various electrical appliances through an
embedded microcontroller-based receiver kit. The
system allows operation control without a wired
connection by providing wireless communication
using radio frequency (RF) signals between a
transmitter unit and a receiver unit. The transmitter
unit comprises a keypad or switches, an encoder IC, an
RF transmitter module operating at 433 MHz, and a
regulated DC power supply. When a switch is pressed,
the encoder converts the parallel input into a digitally
encoded serial signal, which is modulated and
transmitted via the RF module.

At the receiver end, the RF receiver module captures
the transmitted signal and feeds it to a decoder IC,
which converts the serial data into its original binary
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form. The microcontroller reads this decoded data,
identifies the corresponding command, and activates
the corresponding relay driver circuit to switch ON or
OFF the connected appliances. The relay driver, using
transistors or ICs, amplifies the low-power signals
from the microcontroller to drive electromechanical
relays for safely switching high-voltage AC loads.

The firmware, constructed around Embedded C or
Arduino IDE, undertakes to initialize input/ output
ports, continuously monitors incoming data, validates
the received codes, and activates/deactivates relays
according to decoded commands. The hardware
design integrates all critical components, which are a
microcontroller, encoder and decoder ICs, RF
modules, relay drivers, relays, and a 5V/12V regulated
power supply, providing an effective communication
range of approximately 8—-10 meters. Digital encoding
allows  noise-resistant, reliable, and secure
communication between transmitter and receiver.

This RF-based control system offers several
advantages: low cost, compact, wireless operation, and
scalability, thus finding applications in home
automation, office equipment control, and industrial
remote operations. The design will be modular, with
provisions for the inclusion of additional channels or
devices. Thus, future developments could include
bidirectional feedback to report the appliance status,
loT, or Wi-Fi integration, and smartphone- or voice-
enabled control to make the system a fully functional
smart automation platform for modern residential and
industrial settings.

IV. BLOCK DIAGRAM:

The block diagram shows a smart networked
automation system that uses an ESP32 microcontroller
for wireless control. An RF transmitter operating at
433.92 MHz sends encoded signals from a control
switch module to the RF receiver connected to the
ESP32. The microcontroller processes the received
commands through its digital 1/0O interface, which
controls relay modules. Each relay manages a separate
electrical load, allowing for remote switching and
automation. The power supply unit gives a stable
operating voltage to the RF receiver, relays, and the
ESP32 for consistent and reliable operation.
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FIG 0 BLOCK DEAGRAM OF THE SYSTEM

Fig:1 BLOCK DIAGRAM OF THE SYSTEM

1)HARDWARE COMPONENTS:

A) 4 KEYPAD BOARD:

The keypad is a primary inputting unit that is interfaced
with the system for entry of commands and data. This
is a matrix- type keypad that interfaces easily with 8-bit
microcontrollers, providing logical HIGH/LOW
digital signals. The keys are connected through a
Burg-stick header, ensuring firm and reliable
connections. When a key is pressed, the
microcontroller scans the row-column lines to detect
the input. Due to the simple architecture and minimum
number of GPIOs, this suits well for embedded
automation applications. This Board can be used to
interface with 8bit Microcontroller.

- Inputs connected through Burg Stick.

-Logical Data High or Low.

Fig:2 KEYPAD

B) RF TRANSMITTER AND RECEIVER:

The module is a pair of RF 433 MHz RF transmitter
and receiver with Encoder & Decoder Boards. The
entire module is quite easy to use and is compatible
with most of the old and new versions of
Arduino/Raspberry Pi, PIC boards or projects. - 4-bit
data mode. These are the acts as an Encoder and
Decoder of a RF Energy Harvesting System.
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Features RF Encoder Decoder Module Board: -

¢ Breakout pins for connecting to the microcontroller.
o DIP Switch for Address Selection

e Status LED for valid transmit.

e Supports both ASK, FSK RF modules

Fig:3 RF TRANSMITTER AND RECEIVER

C) ESP32

ESP32 is a series of low cost, low power system on a
chip microcontroller with integrated Wi-Fi and dual-
mode Bluetooth as illustrated in the figure 3.2. At its
heart, there's a dual-core or single-core LX6
microprocessor with a clock rate of up to 240 MHz
ESP32 is highly integrated with built- in antenna
switches, RF power amplifier, low-noise receive
amplifier, filters and power management modules.

Fig:4 ESP32

ESP32 targets mobile devices, wearable electronics,
and loT applications. Ultra-low power consumption is
achieved with power-saving features such as fine-
resolution clock gating, multiple power modes, and
dynamic power scaling.

D) POWER BANK

The Mi Power Bank 2i 10000mAh is a compact and
sleek portable charger to provide efficient and reliable
power on the go. It comes fitted with a high-capacity
10000mAh lithium- polymer battery, capable of
charging a 3000mAh smartphone approximately 2.1
times and a 4000mAh device around 1.4 times.
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Supporting 18W two-way fast charging, it offers
outputs of 5V/2A, 9V/2A, and 12V/1.5A, which
ensures quick power delivery to cut down on charging
time.

The dual USB output ports allow users to charge up to
two devices simultaneously. Input can be managed
through the Micro USB port, while the housing uses
an aluminum alloy body that couple’s strength with a
premium feel. 12V/1.5A, ensuring speedy power
delivery with reduced charging time.

It comes equipped with dual USB output ports, hence
enabling users to charge two devices at the same time.
The input is managed via a Micro USB port, with the
device itself being encased in an aluminum alloy body
that couple’s strength with a premium feel.

With its weight of approximately 276 to 278 grams,
the Mi Power Bank 2i is lightweight and easy to carry
for traveling and everyday use. Offered in stylish black
and red, it also has a 6-month domestic warranty.

The package will include the power bank, Micro USB
Cable, and User Manual, but it does not contain an
adapter for charging. Combining performance, safety,
and portability, it makes the MI Power Bank 2i
10000mAnh a reliable solution to keep your devices
powered up through the day.

Fig:5 POWER BANK

E) RELAY

The RELAY 1CH is single-channel relay module
designed to control high-power devices using a low-
power signal. It provides electrical isolation between
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the control circuit and the load, ensuring safety and

reliability in various applications.

e This is 1 Channel 12V Relay Board Module to
control from - Arduino PIC AVR DSP ARM

e Each one needs 15mA - 20mA driver current and
equipped with high current relay: DC 12V / 10A,
AC 250V / 10A

e Standard interface that can be compatible with
microcontroller.

Fig:6 RELAY

F) SOCKET

RELAY 1CH represents a single channel relay module
to switch on and off high-power devices by means of
a low- power signal. It provides electrical isolation
between the control circuit and the load, thus ensuring
the safety and reliability of different appliances.
Many models are self-extinguishing at high
temperatures (e.g., 850°C) for added safety.

Available in various designs, including universal
switched sockets and modular options.

Commonly used for appliances like geysers, air
conditioners, and microwaves.

You can find various 6A sockets available for purchase
on platforms like Amazon and other electronic
retailers.

Fig:7 SOCKET
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G) MODULATED PLUG WIRE

This is an example of a three-pin modulated plug wire,
applicable for connection to any electrical appliances.
It consists of a standard 3-pin plug on one end and
three insulated copper wires on the other end. The plug
is designed for 250V AC and 6A/16A rating, suitable
for Indian electrical sockets. The cable comes with
three flexible copper conductors covered with high-
quality PVC insulation to make it more durable and
safer.

Red signifies the live or phase, black is for neutral, and
green represents the earth or ground connection. This
plug wire helps to ensure the proper flow of current
and grounding in order to avoid any electric shock or
short circuit. This is widely used in household and
laboratory electrical appliances like heaters, irons,
mixers, washing machines, and so on, which require
reliable and stable power connection., and similar
devices that require reliable and stable power
connection.

A The modulated plug wire transmits the ignition
pulses with controlled frequency or signal modulation,
improving the ignition timing accuracy and reducing
electrical noise in engine systems.

Fig:8 MODULATED PLUG WIRE

2)SOFTWARE COMPONENTS:

Arduino IDE

The Arduino IDE supports both C and C++ languages
with special rules of structuring the code. Further, the
Arduino IDE provides a software library from the
Wiring project that offers many common input and
output procedures.
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ARDUINO

Fig:9 ARDUINO

User-written code needs only two basic functions, one
for starting the sketch and one for the main program
loop, which, along with a program stub main (), are
compiled and linked into an executable cyclic
executive program using the GNU tool chain, included
in the IDE distribution. The Arduino IDE uses the
program argued to convert the executable code into a
text file in hexadecimal encoding that is loaded into
the Arduino board through a loader program in the
board's firmware. Arduino is an open-source platform
used for building electronics projects. Arduino
consists of both a physical programmable circuit board
and a piece of software, or IDE (Integrated
Development Environment) that runs on your
computer, used to write and upload computer code to the
physical board. The Arduino platform has become
very popular among people just beginning with
electronics, and for good reason. Unlike most previous
programmable circuit boards, the Arduino does not
require a separate piece of hardware (called a
programmer) in order to load new code onto the board
-- you can simply use a USB cable. Additionally, the
Arduino IDE uses a simplified version of C++, making
it easier to learn to program. Finally, Arduino provides
a standard form factor that breaks out the functions of
the micro-controller into a more accessible package.
IV. RESULT Resultant Outcome The “Automation
Based on RF Signal Harvesting” system, after
successful implementation and testing, came out with
consistent and reliable results. The system was able to
perform efficiently for wirelessly controlling multiple
electrical loads through RF communication using the
harvested energy for partial power support. The
receiver module was able to accurately decode the
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control signal transmitted by the RF transmitter within
milliseconds, even at approximately 30-50 meters of
range in open space. This signal was instantly fed to
the ESP32 microcontroller, which thereby switched
on/off the respective relay for immediate switching of
the appliances connected. This reflects the fast
response time and low latency of the signal. The driver
circuit for the relay was also working quite fine,
switching the loads, bulbs, and small motors without
interference or spurious triggering. The buzzer gave
clear feedback for every operation, which meant that
the system received the user's command and
successfully executed it. The RF energy harvesting
unit effectively captured the energy from surrounding
RF sources. It could generate a low but stable DC
voltage in a normal indoor environment, which was
enough to drive small modules like the receiver circuit.
If integrated with the main power system, the
harvested energy contributed to reducing the power
drawn from the regulated DC source, proving its
potential as an auxiliary energy source. The overall
system efficiency was evaluated in terms of
communication range, response accuracy, and energy
utilization. The results showed stable operation, low
power

V. RESULT

The result After successful implementation and
testing, the ‘“Automation Based on RF Signal
Harvesting” system produced consistent and reliable
results. The system performed effectively in
controlling multiple electrical loads wirelessly through
RF communication while utilizing harvested energy
for partial power support.

When a control signal was transmitted from the RF
transmitter, the receiver module accurately detected
and decoded it within milliseconds, even at a range of
approximately 30-50 meters in open space. The
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ESP32 microcontroller responded instantly by
activating or deactivating the respective relay,
resulting in immediate switching of the connected
appliances. This demonstrated the system’s fast
response time and low signal latency. The relay driver
circuit operated flawlessly, handling switching loads
such as bulbs and small motors without interference or
false triggering.

The buzzer provided clear feedback for each
operation, confirming that the system successfully
received and executed the user’s command. The RF
energy harvesting unit effectively captured energy
from surrounding RF sources. Under normal indoor
conditions, it was able to produce a low but stable DC
voltage, sufficient to power small modules like the
receiver circuit. When integrated with the main power
system, the harvested energy contributed to reducing
the power drawn from the regulated DC source,
proving its potential as an auxiliary energy source.
The overall system efficiency was evaluated based on
communication range, response accuracy, and energy
utilization. The results showed stable operation, low
power consumption, and reliable signal transmission
even with minor obstacles between transmitter and
receiver.

In this way, the project was accomplished through

experimental testing:

o Wireless control of several electrical appliances
using RF communication.

o Partial powering of the system using harvested RF
energy. The idea is to operate at low cost, with
energy  efficiency suitable for small-scale
automation.

e Energy harvesting-based automation represents a
practical and sustainable way of modern electrical
control. It may serve as a good backbone for a smart
energy-independent home, industry, and remote
area automation system development. Thus, the
developed system demonstrated RF-applications.

V1. CONCLUSION

In summary, the "Automation Based on RF Signal
Harvesting” project is an excellent and practical
representative of sustainable wireless control. It
proves that an abundant energy resource, ambient
radio frequency, can be harnessed to power an
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automation system. An RF energy harvesting circuit
with an ESP32 microcontroller and reliable RF
communication modules have been combined in a
solution that offers efficient wireless operation of
several electrical appliances by relay switching. This
design was rigorously tested and validated for
accuracy, reliability, and responsiveness; hence, its
operational stability is verified. A modular
architecture ensures ease of maintenance; at the same
time, it allows for significant flexibility in future
expansion and adaptation. Being a low-cost and
energy-efficient solution directly contributes to
environmentally friendly technology developments by
reducing demands on conventional power sources.
This would serve as a basic model for smart home and
industrial applications, showing a real direction
towards the use of renewable electromagnetic energy
in order to enhance users' convenience and energy
reuse within our connected world.

VII. FUTURE SCOPE

The future scope is bright and has vast potential for
this automation system, which is built based on recent
developments in low-power electronics and energy
harvesting. Its integration with the IOT platform
would constitute a primary enhancement, enabling it
to be under real-time remote monitoring or control
through cloud servers or mobile applications. Ensuring
its self-sufficiency can be the objective of research by
enhancing the efficiency of RF energy harvesting with
advanced antenna designs and multi- band circuits that
can capture energy from multiple frequencies.
Embedding smart energy management algorithms
would permit intelligent storing and supply of the
harnessed power for continuous operation. This can
become a fully autonomous network with the addition
of sensors, including motion detectors, temperature,
and light sensors for context-aware control. Further,
miniaturization with surface- mount technology
permits adaptation for large-scale industrial
automation, smart agricultural irrigation systems, and
portable consumer devices. Last but not least, the
development of a hybrid energy harvester involving
RF and either solar or vibrational source energy can
result in an extremely robust, self-powered network
that can considerably extend application and
operational reliability for diverse environments.
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