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Abstract: The implementation of a wireless control system for a 220V power source using RF433MHz 

communication and an AVR microcontroller (ATmega328P) marks a significant advancement in home automation 

and energy management. This system facilitates remote operation of electrical devices, enhancing both convenience 

and efficiency while supporting energy conservation initiatives. By leveraging RF433MHz technology, known for 

its reliable range and strong penetration capabilities, the system is well-suited for residential and industrial 

applications. The proposed design consists of three primary components: a transmitter unit responsible for sending 

control signals, a receiver unit integrated with the ATmega328P microcontroller to process commands, and relay 

modules to switch the 220V power supply on or off. This configuration enables remote device management, 

significantly reducing energy wastage and improving safety by eliminating manual switching requirements. 

Furthermore, the system can be extended with additional functionalities such as timers and automated scheduling, 

further optimizing energy use and aligning with the growing trend of smart home technology. This implementation 

underscores the integration of modern wireless communication with practical automation, offering a cost-effective, 

scalable, and efficient solution for remote power management. Through promoting sustainable energy 

consumption practices, the system paves the way for smarter and more eco-friendly living environments. 

Keywords: Wireless Power Control, RF433MHz Communication, AVR Microcontroller (ATmega328P). 

1. Introduction 

The increasing demand for efficient and remotely controllable electrical systems has driven 

significant advancements in wireless power control technologies. Traditional wired power management 

solutions often suffer from limitations such as complex installation processes, maintenance challenges, 

and restricted scalability [1-3]. To address these issues, wireless control systems have emerged as a 

viable alternative, offering enhanced flexibility, ease of deployment, and improved operational 

efficiency. 

Among the various wireless communication technologies available, the RF433MHz module has 

gained prominence due to its cost-effectiveness, low power consumption, and reliable data transmission 

capabilities [4,5]. When integrated with an AVR microcontroller, this technology enables robust wireless 

control of 220V AC power sources, facilitating remote switching, automation, and energy optimization 

in residential, commercial, and industrial applications [6-8]. 

At its core, the proposed system leverages RF433MHz technology, recognized for its superior 

transmission range and signal penetration capabilities, making it highly suitable for diverse applications 

in both residential and industrial environments [9-11]. The AVR microcontroller functions as the central 
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processing unit, interpreting incoming wireless signals and executing corresponding commands to 

regulate the power state of connected electrical devices. 

The system architecture comprises several fundamental components: a transmitter module 

responsible for dispatching control signals, a receiver unit integrated with an AVR microcontroller 

(ATmega328P) to decode these signals, and relay modules tasked with managing the connection to the 

220V power supply [12-15]. Through this configuration, users can remotely switch devices on or off, 

thereby mitigating unnecessary energy consumption and enhancing safety by minimizing direct 

manual interaction with high-voltage systems. 

Moreover, the system's scalability allows for the integration of advanced functionalities such as 

programmable timers and automated scheduling mechanisms, further optimizing energy efficiency. 

The deployment of such a wireless power control system aligns with the evolving paradigm of smart 

home automation while concurrently supporting sustainability initiatives by promoting responsible 

energy utilization. Ultimately, this project exemplifies the seamless integration of contemporary 

wireless communication technologies with practical power management solutions, paving the way for 

more intelligent and energy-efficient living environments. 

2. Implementation of a Wireless 220V Power Control System Using RF433MHz and AVR 

Microcontroller 

The development of a wireless 220V power control system using RF433MHz technology and an AVR 

microcontroller represents a significant advancement in remote power management, enhancing both 

operational convenience and energy efficiency. This section delves deeper into the functional, technical, 

and practical aspects of the system [16-20], highlighting its advantages, limitations, and potential areas 

for further development. 

2.1 Wireless Communication and System Reliability 

The RF433MHz module serves as the primary communication medium in the proposed system. This 

frequency band is widely utilized due to its long-range transmission capabilities, low power 

consumption, and high penetration efficiency, making it ideal for both indoor and outdoor applications. 

Compared to other wireless communication technologies such as Wi-Fi or Bluetooth, RF433MHz offers 

a more stable connection over extended distances while maintaining a relatively low susceptibility to 

interference from surrounding electronic devices. 

However, RF433MHz communication is unidirectional, meaning it lacks an inherent feedback 

mechanism unless explicitly incorporated into the system. This limitation implies that while the 

transmitter can send control signals, it does not inherently verify whether the intended command was 

successfully executed. To address this, error detection mechanisms or bidirectional communication 

enhancements could be introduced to ensure reliability, particularly in critical applications where 

power control must be precise and failproof. 

2.2 Role of the AVR Microcontroller in System Processing 

The AVR microcontroller (ATmega328P) functions as the system’s central processing unit, 

responsible for interpreting the received wireless commands and executing power control operations 

via relay modules. The choice of an AVR-based microcontroller is justified by its low power 

requirements, robust performance, and extensive support for embedded applications. Additionally, the 

microcontroller’s ability to interface with multiple peripherals allows for future expansion, such as 

incorporating sensor-based automation, remote monitoring, and IoT-based connectivity. 

The microcontroller also ensures real-time responsiveness, enabling instantaneous switching of 

electrical appliances connected to the 220V power source. However, when designing such a system, 

considerations regarding electromagnetic interference (EMI) and signal integrity must be taken into 

account, as external noise or power fluctuations could affect microcontroller performance. 
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Implementing filtering techniques and proper grounding can mitigate these challenges, ensuring stable 

operation under varying environmental conditions. 

2.3 Safety Considerations and Practical Implications 

The direct control of a 220V AC power source introduces safety concerns, necessitating proper 

isolation and protection mechanisms. The system employs relay modules to provide electrical 

separation between the low-power control circuitry (microcontroller and RF module) and the high-

voltage power supply, thereby reducing the risk of electrical hazards. Additionally, integrating 

optocouplers or solid-state relays can further enhance insulation and reliability, preventing damage to 

the microcontroller in case of sudden voltage spikes or short circuits. 

From a user perspective, the ability to remotely control power sources significantly enhances safety 

and accessibility, particularly in industrial environments, smart home systems, and energy-conscious 

applications. For instance, users can deactivate high-power equipment without direct physical 

interaction, minimizing the risk of electrical accidents or fire hazards due to unattended devices. 

Moreover, by incorporating automated scheduling and energy monitoring, the system can contribute 

to electricity conservation efforts, aligning with global sustainability goals. 

2.4 System Scalability and Future Enhancements 

One of the key strengths of the proposed system is its scalability. While the current implementation 

focuses on basic remote switching, future iterations could integrate additional features such as: 

▪ Bidirectional communication: Using RF transceivers to receive status feedback from the 

controlled devices, ensuring successful execution of commands. 

▪ Internet of Things (IoT) integration: Implementing Wi-Fi or GSM modules for cloud-based 

monitoring and control, allowing remote access via smartphone applications. 

▪ Energy usage analytics: Embedding power consumption sensors to track and optimize 

electricity usage dynamically. 

▪ Voice or AI-based automation: Enabling control via voice commands or machine learning 

algorithms to predict user preferences and automate power management. 

Additionally, expanding the system to support multiple devices within a networked architecture 

would enhance its applicability in smart home ecosystems and industrial automation, enabling 

coordinated control of multiple electrical loads with minimal user intervention. 

The implementation of a wireless 220V power control system using RF433MHz and an AVR 

microcontroller exemplifies the intersection of embedded systems, wireless communication, and power 

management. By offering a low-cost, efficient, and scalable solution, the system addresses the challenges 

associated with traditional wired control mechanisms while paving the way for more intelligent and 

automated power management solutions [21,22]. While the current design provides remote switching 

capabilities, further enhancements in feedback mechanisms, security, and IoT integration could 

significantly expand its potential applications. As the demand for smart energy solutions continues to 

grow, this technology holds promise for contributing to sustainable energy consumption, enhanced 

safety, and user-friendly automation in both domestic and industrial settings. 

3. Proposed System Methodology 

3.1 Experimental Investigation 

The primary objective of this study is to develop, implement, and evaluate a wireless control system 

utilizing RF433MHz communication and an ATmega328P microcontroller. This system is designed to 

enable remote management of a 220V AC power supply by integrating hardware and software 

components for seamless operation. The proposed approach focuses on demonstrating the feasibility 

and effectiveness of the system in controlling an AC relay remotely through a dedicated software 

platform compatible with the Windows operating system. Given the versatility of this application, the 

developed model can be adapted for various wireless electronic control scenarios, including smart home 

automation, industrial automation, and remote switching systems. To validate its functionality, the 
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system is configured to operate an AC load, ensuring real-time responsiveness and reliability in remote 

power control applications. 

3.1.1 System Architecture 

The hardware architecture of the proposed control system consists of two primary functional units: 

❖ Transmitter Unit 

❖ Receiver Unit 

▪ Transmitter Unit 

The transmitter module is responsible for sending control commands to the receiver. It consists of: 

o RF433 MHz Transmitter (TX): Enables wireless signal transmission. 

o ATmega328P Microcontroller: Processes user inputs and generates appropriate control 

signals. 

o Input Switches: Allow users to send ON/OFF commands to control the connected AC load. 

▪ Receiver Unit 
The receiver module interprets transmitted signals and executes the corresponding switching actions on the 

220V power supply. It consists of: 

▪ RF433 MHz Receiver (RX): Captures and decodes the transmitted signals. 

▪ ATmega328P Microcontroller: Processes received signals and controls the relay switching 

mechanism. 

▪ Relay Driver and Switches: Manage the high-voltage AC load by isolating the control circuit 

from the power circuit, ensuring electrical safety. 

This system is structured around an Arduino-based schematic, leveraging RF433MHz wireless 

communication to establish reliable, long-range connectivity between the transmitter and receiver. 

Figure 1 illustrates the overall architecture and integration of key components within the system. 

 

Figure 1. The overall architecture and integration of key components within the system. 

 

3.1.2 System Implementation and Software Development 

The software controlling the system is developed to run on a Windows-compatible platform, 

ensuring a user-friendly interface for operating the wireless control mechanism. The program is 

designed to process user commands, communicate with the transmitter unit, and execute real-time 

switching operations. By implementing wireless control of AC loads, this system enhances operational 
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flexibility, energy efficiency, and safety, making it an effective solution for various smart automation 

applications. Further refinements, including error detection, system feedback, and expanded 

automation features, can be integrated to enhance scalability and robustness in future iterations. 

3.2. The ATmega328P Microcontroller Units 
The ATmega328P microcontroller serves as the core processing unit in the proposed wireless power control 

system, responsible for handling data transmission and reception between the RF433MHz modules. Its efficient 

low-power consumption, robust computational capabilities, and extensive peripheral support make it well-suited 

for this application. To ensure seamless communication, the microcontroller must be appropriately programmed 

to interface with the RF433MHz module. The following steps outline the process of configuring and operating the 

ATmega328P for wireless data exchange: 

▪ Configuring the ATmega328P for RF433MHz Communication 

To integrate the ATmega328P with the RF433MHz module, the microcontroller is programmed to function as 

either a transmitter or receiver based on the system requirements. The configuration involves: 

o Defining communication pins: The microcontroller’s digital I/O pins are assigned for data transmission 

and reception. 

o Setting up serial communication: UART (Universal Asynchronous Receiver-Transmitter) or a software-

based serial interface is initialized to facilitate data exchange. 

Incorporating an RF library: Libraries such as VirtualWire or RadioHead are used to simplify communication with 

the RF module. 

▪ Programming and Operation Steps 

o Transmitter Setup (Sending Data) 

When the ATmega328P microcontroller operates as a transmitter, it processes user input signals and transmits the 

corresponding control commands to the receiver unit. The steps include: 

o Reading Input Signals: The microcontroller reads the state of push buttons, sensors, or software-generated 

control signals. 

o Encoding Data: The input signals are converted into binary data packets for transmission. 

o Sending Data to RF433MHz Module: The RF transmitter module (TX) modulates the signal and transmits 

it wirelessly. 

▪ Receiver Setup (Receiving Data and Controlling Load) 

On the receiving end, the ATmega328P microcontroller processes incoming wireless signals and triggers 

corresponding actions: 

o Capturing the Transmitted Data: The RF receiver module (RX) demodulates the incoming RF signals and 

extracts the original binary data. 

o Decoding Data: The microcontroller interprets the received binary instructions to determine the required 

operation (e.g., switching a device ON or OFF). 

o Activating the Relay Module: Based on the received command, the relay driver toggles the state of the 

220V AC power source, enabling or disabling the connected electrical device. 

▪ 3. Implementing Automation and Error Handling 

For enhanced reliability and functionality, additional programming features can be integrated into the 

ATmega328P firmware: 

▪ Error Detection and Acknowledgment: Implementing checksum validation or bidirectional 

communication to confirm successful command execution. 

▪ Automated Scheduling: Enabling time-based control to optimize energy usage through pre-programmed 

operation cycles. 

▪ Signal Interference Mitigation: Incorporating filtering techniques and frequency hopping to minimize the 

impact of external RF noise. 

Through effectively configuring the ATmega328P microcontroller, the proposed RF-based wireless power control 

system achieves seamless, real-time remote management of electrical loads, contributing to improved energy 

efficiency, safety, and automation capabilities. 

3.3 The ATmega328P microcontroller 
The ATmega328P microcontroller is programmed using the Arduino Integrated Development Environment (IDE), 

which provides a user-friendly and efficient platform for coding and implementation as illustrated in Figure 2. The 

Arduino ecosystem simplifies microcontroller programming by offering built-in libraries, an extensive open-

source community, and cross-platform compatibility. One of its key advantages is the availability of integrated 

programmers in most Arduino boards, eliminating the need for external programming hardware and facilitating 

rapid prototyping. This ease of use, combined with the powerful features of the Arduino IDE, makes it a preferred 

choice for both hobbyists and industrial developers. By leveraging serial communication protocols, developers can 
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interface the ATmega328P with RF433MHz wireless modules, allowing seamless transmission and reception of 

control signals. 

Figure 2.  The programming workflow of the AVR microcontroller (ATmega328P) using the Arduino ecosystem. 

 

Figure 2 illustrates the programming workflow of the AVR microcontroller (ATmega328P) using the Arduino 

ecosystem, which consists of three primary components: the Arduino Integrated Development Environment (IDE), 

the Arduino board, and the AVR microcontroller. 

▪ Arduino IDE: The Arduino Integrated Development Environment (IDE) serves as the primary software 

tool for programming ATmega328P-based microcontrollers. It provides a user-friendly interface, built-

in code libraries, and a compilation toolchain to simplify the development process. The IDE supports C 

and C++ programming, allowing developers to write, compile, and upload firmware to the 

microcontroller. Its compatibility across multiple operating systems, including Windows, macOS, and 

Linux, enhances accessibility for a wide range of users. Additionally, the IDE includes serial 

communication monitoring, enabling real-time debugging and data visualization. 

▪ Arduino Board: The Arduino board acts as a bridge between the Arduino IDE and the AVR 

microcontroller, facilitating the transfer of compiled code into the chip. The most commonly used board, 

Arduino Uno, features a USB-to-serial converter, enabling direct communication with the IDE without 

requiring additional programming hardware. It also includes pre-configured bootloaders, allowing for 

simplified code uploads. In embedded systems applications, the Arduino board can be used for initial 

prototyping before transferring the code to a standalone AVR microcontroller in a custom PCB design. 

▪ AVR Microcontroller: Once the firmware is uploaded, the ATmega328P microcontroller executes the 

programmed instructions to control connected devices, such as RF433MHz modules, relay drivers, and 

sensors. The microcontroller is responsible for processing input signals, executing logic operations, and 

generating output signals. In the case of the wireless 220V power control system, it manages RF 

communication, interprets user commands, and triggers the relay module to switch electrical loads 

remotely. 

This structured approach ensures efficient programming, real-time execution, and seamless integration of the 

ATmega328P microcontroller into a wide range of embedded applications, including wireless automation, IoT 

systems, and industrial control solutions. The workflow simplifies the development process, making it accessible 

to both entry-level users and experienced engineers while maintaining scalability for advanced applications. For 

radio frequency (RF) communication, widely adopted Arduino-compatible libraries, such as VirtualWire and 

RadioHead, streamline data encoding and decoding, ensuring reliable wireless transmission between the 

transmitter and receiver modules. These libraries facilitate Amplitude Shift Keying (ASK) modulation, enabling 

effective signal processing with minimal coding complexity. Additionally, software optimizations such as 

interrupt-driven control mechanisms, checksum verification for error detection, and low-power modes can be 

incorporated to enhance system efficiency and reliability. The integration of these software techniques ensures that 

the ATmega328P microcontroller can effectively process wireless signals and execute real-time power switching 

operations, making the wireless 220V power control system both secure and energy-efficient. 

4. Wireless Control System for AC Loads Using AVR Microcontroller (ATmega328P) and RF433MHz 

This study presents the design, development, and implementation of a wireless control system 

utilizing an ATmega328P microcontroller and an RF433MHz wireless communication module. The 

system is engineered to facilitate remote switching of an AC relay, thereby enabling seamless control of 

a 220V power supply. To enhance usability and accessibility, the control software is developed on a 

Windows-compatible platform, ensuring its adaptability for various smart home, industrial 

automation, and energy management applications. To validate its functionality, a practical 

implementation is carried out in which an AC load is remotely controlled, demonstrating the system’s 

efficiency, responsiveness, and reliability in real-world applications. 

The hardware architecture of the proposed control system is structured into two primary units: the 

transmitter and the receiver. The transmitter unit consists of an AVR microcontroller (ATmega328P) 
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interfaced with an RF433MHz module, which is responsible for generating and transmitting control 

signals. The microcontroller circuit is custom-configured, with pin 12 designated for controlling the 

transmitter module, as illustrated in Figure 3. The receiver unit, equipped with a corresponding 

RF433MHz receiver module and relay driver, deciphers the transmitted signals and triggers the 

necessary switching operations. This modular approach ensures scalability, allowing for the integration 

of additional sensors, automation features, and IoT-based enhancements, making the system a robust 

solution for modern wireless power control applications. 

 
Figure 3. The transmitter RF433 MHz Module. 

In this regard, the power management system for the proposed wireless AC load control system is 

implemented using a 12V converter module in conjunction with an LM7805 voltage regulator, ensuring 

stable and regulated power supply for the microcontroller and associated components. The receiver 

unit is directly interfaced with the ATmega328P microcontroller through pin 11, GND, and a 5V power 

supply, facilitating seamless communication between the RF433MHz receiver module and the relay 

driver circuit. The relay module acts as an electromechanical switch, enabling the remote activation of 

a 220V power source through software-controlled signals. The system is operated via a dedicated 

application, which transmits 433MHz RF signals to initiate switching actions on any connected AC relay 

device. The software interface was developed and installed on a Windows-based computer, allowing 

users to send control signals with ease. The AC power grid is connected through the relay contacts, 

while a step-down transformer is used to regulate voltage levels within the circuit. Upon successful 

circuit assembly and power-up, the software was launched and activated, establishing wireless 

communication with the receiver unit. When a command was issued, the relay module switched ON, 

thereby activating the connected 220V load. In this experimental setup, a filament lamp was used as a 

demonstration load, confirming the system’s ability to remotely manage high-voltage electrical 

appliances effectively. This implementation highlights the system’s potential in smart automation, 

industrial applications, and energy-efficient remote-control solutions. 

5. Power Supply and Receiver Configuration 

The wireless control system is powered by a 12V converter module in combination with an LM7805 

voltage regulator, which ensures a stable 5V supply to the ATmega328P microcontroller, RF433MHz 

receiver module, and relay circuit. The receiver unit is interfaced with the microcontroller through pin 

11, GND, and a 5V power connection, enabling seamless communication between the wireless 
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transmission module and the relay switch mechanism. The relay module, which serves as the switching 

element, allows for the remote control of AC loads by toggling the connection to a 220V power supply. 

The complete hardware configuration and operation process are depicted in Figure 4. 

 
Figure 4. The complete hardware configuration and operation process. 

 

To facilitate wireless operation, a custom-developed application transmits 433MHz RF signals, 

which trigger the relay activation process. This software is installed on a Windows-based computer, 

ensuring user-friendly control and accessibility. The AC power grid is linked to the relay contacts, and 

a step-down transformer is incorporated into the circuit design to regulate voltage distribution. Once 

the hardware assembly is complete, the software is launched, and the system is activated. Upon 

receiving the appropriate RF signal, the relay module is triggered, enabling the controlled operation of 

the connected 220V electrical load. In this demonstration setup, a filament lamp was successfully 

switched on and off, validating the efficacy and reliability of the system.  

6. Results and Discussion 

6.1 System Response Without Antenna 

In remote control systems, wireless signals are transmitted through the air and detected by wireless 

signal receivers, which subsequently convert them into electrical signals to control an electronic system. 

During the assembly and testing phase of the proposed system, we observed that the transmitted signal 

was effectively received within a distance range of 1 to 6 meters, demonstrating excellent performance. 

However, beyond 6 meters, the receiver failed to detect the signal, indicating a limitation in transmission 

range when operating without an external antenna. The response results are summarized in Table 1. 

 

Table 1. Response of the System Without an Antenna 

The distance between the transmitter (TX) and the receiver (RX) Response System 

First case 1 meter excellent  

Second case 2 meters excellent  

Third case 3 meters excellent  

Fourth case 4 meters excellent  
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Fifth case 5 meters excellent  

Sixth case 6 meters excellent  

Seventh case 7 meters NO Response 

 

Despite the absence of an antenna, the system exhibited consistent performance within the 1–6 meter 

range, suggesting that the RF433MHz module inherently provides stable communication over short 

distances. However, beyond 6 meters, a gradual signal attenuation was observed, resulting in a 

complete loss of communication at 7 meters. This limitation is attributed to the lack of signal 

amplification and the absence of an external antenna, which would otherwise enhance transmission 

power and reception sensitivity. 

To improve the wireless communication range and reliability, future enhancements could include 

the integration of antennas or signal boosters, which would reduce transmission losses and allow for 

extended coverage. Additionally, optimizing modulation techniques and employing higher-gain 

receiver circuits could mitigate signal degradation over longer distances. These findings emphasize the 

crucial role of hardware configuration and environmental factors in determining the efficiency and 

operational effectiveness of wireless control systems. 

6.2 System Response with Antenna 

Experimental Results of Response Distance Between the Transmitter and Receiver Circuits 

To evaluate the enhanced performance of the RF433MHz communication system, we conducted an 

experiment in which an antenna was connected to both the transmitter and receiver modules. The 

antenna was constructed using a thin copper wire, each measuring 17 centimeters in length, and was 

attached to the designated antenna port on both the transmitter and receiver units. 

With the addition of the antenna, a significant improvement in the system's response was observed, 

as the effective transmission range increased to 35 meters with an excellent signal reception. Beyond 35 

meters, a gradual decline in signal strength was noted, leading to increased latency and weaker 

responses at 39 meters. At 40 meters, the system ceased to respond entirely, indicating the maximum 

operational range under the current experimental conditions. The detailed results are summarized in 

Table 2. 

Table 1. The Response System with Antenna 

The distance between the transmitter (TX) and the receiver (RX) Response System 

First case 7 meters excellent  

Second case 12 meters excellent  

Third case 20 meters excellent  

Fourth case 25 meters excellent  

Fifth case 35 meters excellent  

Sixth case 39 meters weaker 

Seventh case 40 meters NO Response 

 

The results confirm that the addition of an antenna substantially enhances the wireless transmission 

range, improving both signal stability and reliability. However, beyond 35 meters, signal attenuation 

and transmission delay become more pronounced due to factors such as environmental interference, 

signal dispersion, and power limitations of the RF module. These findings highlight the necessity of 

antenna optimization for achieving maximum communication efficiency. To determine the optimal 

antenna length for the 433MHz RF module, the following formula, derived from the speed of light 

principle, is used: 

Antenna length =
𝑐

𝑓
 ∗  

1

4
 

(1) 

Where: 

• c is the speed of light (~3.0×108 m/s). 

• f is the operating frequency of the RF module (433 MHz or 4.33×108Hz). 
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• The quarter-wavelength antenna (λ/4) is commonly used in RF modules for optimal signal 

transmission and reception. 

Through applying this formula, the most efficient antenna length for 433MHz wireless 

communication can be determined, ensuring maximum range and minimal signal loss. Additionally, 

researchers explore a practical circuit model demonstrating how AC loads, such as light bulbs, can be 

operated using the RF 433MHz receiver module, as illustrated in Figure 4. The integration of optimized 

antenna design and efficient circuit configurations enables seamless long-range wireless control of high-

voltage appliances, paving the way for applications in home automation, industrial control, and remote 

power management systems. 

 
Figure 4. AC loads are operated connect with RF 433MHZ receiver module. 

7. Conclusion 

This paper successfully presented the design and implementation of a wireless control system for a 

220V power source, utilizing RF433MHz communication and an ATmega328P microcontroller. The 

system effectively demonstrated remote control capabilities, enabling seamless signal transmission and 

reception to regulate the power supply. The integration of the low-cost RF433MHz module with the 

AVR microcontroller provided a reliable, efficient, and cost-effective solution for wireless control 

applications. The experimental results confirmed that the system operates optimally within a 6-meter 

range without an antenna, while the addition of an antenna extended the effective communication range 

to 35 meters, significantly improving system performance. 

This wireless control approach holds substantial potential for reducing energy consumption in 

residential, commercial, and institutional environments by enabling remote switching of electrical 

appliances. Additionally, the system's modular architecture allows for future enhancements, including 

IoT integration, bidirectional communication, and real-time monitoring. Further research could focus 

on improving system scalability, enhancing security protocols to prevent unauthorized access, and 

implementing error detection mechanisms to ensure robust and interference-resistant communication. 

These improvements will contribute to the development of more efficient, intelligent, and secure 

wireless power management systems for modern automation applications. 

 
Author Contributions: Author has contributed significantly to the development and completion of this article. 

Funding: This article received no external funding. 

Data Availability Statement: Not applicable. 

Acknowledgments: The authors would like to express their sincere gratitude to Department of Electrical and 

Electronic Engineering, College of Technical Sciences, Derna, Libya, for their invaluable support and resources 

throughout the course of this research.  

Conflicts of Interest: The author(s) declare no conflict of interest. 

 



  

Awami et al., 2025 IJEES 
 

 

 

 

  Page | 93 

 

ORCID 

Abdul Hakim Awami https://orcid.org/0009-0004-1756-9700 
Muner Khairalla https://orcid.org/0009-0003-9527-1275 
Mahfoud Abdulrazigh https://orcid.org/0009-0001-3200-0799 
 

References 

[1] F. Vrbančič and S. Kocijančič, “Strategy for learning microcontroller programming—a graphical 

or a textual start?,” Educ. Inf. Technol., vol. 29, no. 4, pp. 5115–5137, 2024. 

[2] S. Van Singel, “The renesas automotive story in the history of the microprocessor,” IEEE Micro, 

vol. 41, no. 6, pp. 107–108, 2021. 

[3] Nur-A-Alam, M. Ahsan, M. A. Based, J. Haider, and E. M. G. Rodrigues, “Smart monitoring and 

controlling of appliances using LoRa based IoT system,” Designs, vol. 5, no. 1, p. 17, 2021. 

[4] P. Warden and D. Situnayake, TinyML: Machine learning with TensorFlow lite on Arduino and ultra-

low-power microcontrollers. O’Reilly Media, 2019. 

[5] B. Vadlamudi, V. N. Bommisetty, V. Vutla, and T. Nagamani, “Analysis and priority based smart 

power distribution system using automatic voltage regulator (AVR),” in Proceedings of 4th 

International Conference on Artificial Intelligence and Smart Energy, Cham: Springer Nature 

Switzerland, 2024, pp. 315–324. 

[6] S. Kontogiannis, “An internet of things-based low-power integrated beekeeping safety and 

conditions monitoring system,” Inventions, vol. 4, no. 3, p. 52, 2019. 

[7] A. Rocha, L. Sousa, M. Alves, and A. Sousa, “The underlying potential of NLP for microcontroller 

programming education,” Comput. Appl. Eng. Educ., 2024. 

[8] N. Besimi, B. Çiço, A. Besimi, and V. Shehu, “Using distributed raspberry PIs to enable low-cost 

energy-efficient machine learning algorithms for scientific articles 

recommendation,” Microprocess. Microsyst., vol. 78, no. 103252, p. 103252, 2020. 

[9] M. M. Raikar, P. Desai, M. Vijayalakshmi, and P. Narayankar, “Upsurge of IoT (Internet of 

Things) in engineering education: A case study,” in 2018 International Conference on Advances in 

Computing, Communications and Informatics (ICACCI), 2018. 

[10] C. R. Zamarreno, “Hands-on teaching with microcontrollers,” in 2021 IEEE Global Engineering 

Education Conference (EDUCON), 2021. 

[11] A. Nayak, N. Hiremath, Umadevi, V. Garagad, and S. Chickerur, “Teaching Microcontrollers - 

using Arduino as a Platform,” in 2022 IEEE Global Engineering Education Conference (EDUCON), 

2022. 

[12] S. Haug, C. Böhm, and D. Mayer, “Automated code generation and validation for software 

components of microcontrollers,” arXiv [cs.SE], 2025. 

[13] P. Busia, M. A. Scrugli, V. J.-B. Jung, L. Benini, and P. Meloni, “A tiny transformer for low-power 

arrhythmia classification on microcontrollers,” IEEE Trans. Biomed. Circuits Syst., vol. 19, no. 1, 

pp. 142–152, 2025. 

[14] S. A. Mirbozorgi, Y. Jia, D. Canales, and M. Ghovanloo, “A wirelessly-powered homecage with 

segmented copper foils and closed-loop power control,” IEEE Trans. Biomed. Circuits Syst., vol. 

10, no. 5, pp. 979–989, 2016. 

[15] A. Hassan et al., “A wirelessly controlled robot-based smart irrigation system by exploiting 

arduino,” jrc, vol. 2, no. 1, 2020. 

[16] S. Yao et al., “Self-powered, implantable, and wirelessly controlled NO generation system for 

intracranial neuroglioma therapy,” Adv. Mater., vol. 34, no. 50, p. e2205881, 2022. 

[17] J. Zhang et al., “Wearable transdermal drug delivery system controlled by wirelessly powered 

acoustic waves,” J. Control. Release, no. 113619, p. 113619, 2025. 



Awami et al., 2025 IJEES 
 

Page | 94 

 

[18] A. Morel, D. Gibus, and A. Badel, “Power boundaries in resonant electrodynamic wireless power 

transfer systems,” J. Vib. Control, vol. 31, no. 1–2, pp. 119–138, 2025. 

[19] 

 

 

[20] 

A. Hidayat, D. Lestari, and I. A. E. Zaeni, “Development of a control system trainer using AVR 

microcontroller to understand microcontroller programming concepts,” in 5th Vocational 

Education International Conference (VEIC 2023), Paris: Atlantis Press SARL, 2024, pp. 1251–1257. 

M. Khaleel, A. Jebrel, and D. M. Shwehdy, “Artificial intelligence in computer science,” Int. J. 

Electr. Eng. and Sustain., pp. 01–21, 2024. 

[21] 

 

[22] 

R. Prasad, “Microcontroller based AVR hazardous gas detection system using IoT,” arXiv 

[eess.SP], 2023. 

M. M. Khaleel, A. A. Ahmed, and A. Alsharif, “Artificial Intelligence in Engineering,” Brilliance: 

Research of Artificial Intelligence, vol. 3, no. 1, pp. 32–42, 2023. 

 

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long 

as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons 

licence, and indicate if changes were made. The images or other third-party material in this article are included in 

the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not 

included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 

or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 

of this licence, visit http://creativecommons.org/licenses/by/4.0/. 

© The Author(s) 2025   

    

http://creativecommons.org/licenses/by-sa/4.0/

