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ABSTRACT 

The Internet of Things (IoT) has emerged as a transformative technology for modern smart 

environments. This research paper presents the design and implementation of an IoT-based 

home automation system using ESP32 and Arduino microcontrollers integrated with voltage 

and current sensors. The proposed system enables users to remotely control LED loads and 

regulate fan speed through the Blynk cloud platform using Wi-Fi communication. Real-time 

monitoring of electrical parameters such as voltage, current, and power consumption is 

achieved through sensor integration and cloud synchronization. Experimental results 

demonstrate stable communication, accurate sensing, low latency, and reliable operation of 

connected appliances. The developed system is economical, scalable, energy-efficient, and 

suitable for modern smart home applications. 

Keywords: IoT, ESP32, Home Automation, Blynk, Smart Home, Wi-Fi, Voltage Sensor, 
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1.INTRODUCTION 

Smart home automation systems are increasingly being adopted in residential and 

commercial environments because they provide intelligent control, reduced energy wastage, 

and enhanced user convenience. IoT technology enables seamless interaction between users 

and electronic appliances through cloud platforms and mobile applications. In recent years, 

the availability of low-cost microcontrollers and cloud-based services has accelerated the 

development of affordable automation systems for educational and industrial applications. 

The use of ESP32 microcontrollers in IoT applications has gained popularity because of their 

powerful processing capability, integrated wireless communication, and support for multiple 

sensors and actuators. By combining ESP32 with the Blynk platform, users can monitor and 

control appliances in real time from any location with internet connectivity. Such systems 

contribute significantly to energy conservation and efficient power utilization. 

The Internet of Things (IoT) represents one of the most significant technological 

advancements in the field of embedded systems and wireless communication. IoT enables 

physical devices to communicate through internet connectivity and exchange information 

without human intervention. Smart home automation has become one of the most popular 

applications of IoT because it allows users to remotely control household appliances, improve 

energy efficiency, and enhance safety and comfort. With the growing demand for intelligent 

residential systems, researchers and industries are focusing on developing cost-effective and 

scalable home automation solutions. 
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Traditional electrical systems mainly depend on manual switching mechanisms and do not 

provide real-time monitoring or remote accessibility. Such systems often lead to unnecessary 

energy consumption and lack proper energy management capabilities. Modern smart homes 

require systems that can monitor electrical parameters continuously while also allowing users 

to operate appliances from remote locations through smartphones or cloud platforms. 

The proposed IoT-based smart home automation system utilizes ESP32 and Arduino 

microcontrollers along with voltage and current sensing modules to create an intelligent and 

efficient home environment. The ESP32 controller provides built-in Wi-Fi connectivity, 

making it suitable for cloud-based IoT applications. The Blynk cloud platform enables real-

time communication between the hardware system and the user’s smartphone application. 

Through this integration, users can remotely control LED loads, regulate fan speed, and 

monitor electrical parameters such as voltage, current, and power consumption. The proposed 

system is designed to be economical, scalable, user-friendly, and suitable for future smart city 

applications. 

Several modern studies have emphasized the importance of integrating cloud computing with 

IoT systems to improve scalability and remote accessibility. Researchers have also explored 

mobile-based monitoring systems that provide graphical visualization of energy consumption 

and appliance status. However, many existing systems focus only on basic control 

functionality and do not provide complete electrical parameter analysis. 

Some researchers have utilized GSM-based communication for appliance control, but such 

systems are comparatively slower and less efficient than Wi-Fi-based IoT systems. 

Bluetooth-based automation systems provide limited operational range and are not suitable 

for remote internet-based applications. Therefore, Wi-Fi-enabled controllers such as ESP32 

offer a better alternative because they support fast communication and cloud connectivity 

with minimal hardware requirements. 

2. LITERATURE REVIEW 

Researchers across the world have developed various IoT-enabled home automation systems 

using wireless communication technologies such as Wi-Fi, Bluetooth, ZigBee, and GSM. 

Early home automation systems mainly focused on simple ON/OFF control of appliances 

using GSM modules and SMS-based communication. Although these systems provided 

remote accessibility, they suffered from limitations such as slow response time, high 

operational cost, and lack of real-time monitoring. 

Recent advancements in IoT technology and cloud computing have significantly improved 

smart home systems. ESP32-based automation systems have become popular due to their low 

cost, compact size, low power consumption, and integrated Wi-Fi and Bluetooth 

functionalities. Several researchers have integrated cloud platforms such as Blynk, 

ThingSpeak, and Firebase for remote appliance control and sensor data visualization. These 

platforms provide user-friendly dashboards and enable real-time data synchronization. 

Existing systems mainly concentrate on appliance switching but often lack advanced 

functionalities such as electrical parameter monitoring, power analysis, and fan speed 

regulation. Some studies include energy monitoring systems but require expensive hardware 

and complex implementation. The proposed research addresses these limitations by 
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integrating appliance control, real-time energy monitoring, and PWM-based fan speed control 

into a single compact and economical system. 

Recent studies using ESP32 microcontrollers have improved wireless communication 

reliability and reduced implementation cost. Cloud platforms such as Blynk have simplified 

IoT deployment by providing efficient dashboards for remote monitoring and control. 

3. PROBLEM FORMULATION 

Conventional electrical systems in residential buildings are inefficient because they require 

manual operation and provide no intelligent monitoring capabilities. In many households, 

appliances remain switched ON unnecessarily, resulting in increased energy consumption and 

higher electricity costs. Furthermore, users cannot monitor electrical parameters such as 

voltage fluctuations, current consumption, or total power utilization in real time. 

Another major challenge in traditional systems is the absence of remote accessibility. Users 

cannot operate appliances when they are away from home, which reduces convenience and 

flexibility. Existing automation systems available in the market are often expensive and 

difficult to install, making them unsuitable for widespread adoption in developing regions. 

The objective of the proposed research is to develop a low-cost and reliable IoT-based smart 

home automation system capable of remote appliance control, real-time monitoring of 

voltage and current, fan speed regulation using PWM techniques, and stable cloud 

communication through Wi-Fi technology. The proposed system aims to overcome the 

limitations of traditional systems by providing a scalable, economical, and intelligent 

automation solution. 

The hardware architecture of the proposed system is designed to ensure efficient 

communication and reliable operation. The ESP32 continuously exchanges data with the 

Blynk cloud server, allowing users to monitor and control appliances using a smartphone 

interface. The relay modules act as electrically operated switches capable of controlling high-

voltage loads safely through low-voltage control signals. 

Voltage and current monitoring play an important role in analysing power consumption and 

improving energy efficiency. The current sensor measures the flow of electrical current in 

connected loads, while the voltage sensor monitors supply voltage conditions. The collected 

sensor data helps users understand appliance behaviour and detect abnormal operating 

conditions. 

4. PROPOSED METHODOLOGY 

The proposed methodology is based on the integration of hardware and software modules for 

intelligent home automation. The ESP32 microcontroller acts as the central processing unit 

because of its built-in Wi-Fi capability and efficient performance in IoT applications. Arduino 

is used for additional control tasks such as fan speed regulation through Pulse Width 

Modulation (PWM). 

The system consists of relay modules, voltage sensors, current sensors, fan control circuitry, 

and the Blynk cloud platform. Relay modules are connected to household appliances such as 

LED loads to perform switching operations. Voltage and current sensors continuously 

measure electrical parameters and transmit the data to the ESP32 controller. The collected 

data is processed and uploaded to the Blynk cloud dashboard through Wi-Fi communication. 
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The Blynk application provides an interactive graphical interface where users can monitor 

sensor values and remotely operate appliances. The fan speed is controlled using PWM 

signals generated by the Arduino microcontroller. Multiple speed levels are implemented to 

ensure smooth operation and energy optimization. 

The proposed architecture ensures reliable communication, low latency, and efficient 

synchronization between the hardware system and cloud platform. The modular design also 

allows future expansion of the system by integrating additional sensors, security modules, 

and artificial intelligence-based automation features. 

The system also enables remote appliance control through a smartphone application. 

5. SYSTEM ALGORITHM 

The system initializes all hardware modules and establishes Wi-Fi communication. After 

successful Blynk cloud authentication, user commands are received from the mobile 

application. Relay modules switch connected loads according to the received commands. 

Voltage and current sensors continuously measure electrical parameters, and the measured 

values are uploaded to the cloud dashboard in real time. 

The developed prototype was tested under different operating conditions to evaluate system 

performance and reliability. Experimental analysis showed that the Wi-Fi communication 

remained stable during continuous operation, and cloud synchronization was successfully 

maintained without significant interruptions. The relay switching mechanism operated 

accurately according to user commands received from the Blynk application. 

Sensor calibration was performed to improve the accuracy of voltage and current 

measurements. The obtained results indicated that the system could effectively monitor 

electrical parameters with acceptable precision for smart home applications. Fan speed 

regulation through PWM provided smooth operation and minimized sudden changes in motor 

speed, thereby improving user comfort and reducing power consumption. 

6. IMPLEMENTATION AND RESULTS 

The hardware implementation of the proposed system was carried out using ESP32, Arduino 

UNO, relay modules, ACS712 current sensor, voltage sensor module, and DC fan control 

circuitry. The ESP32 controller was programmed using the Arduino IDE environment and 

configured for Wi-Fi communication with the Blynk cloud platform. 

Experimental testing demonstrated stable communication between the hardware modules and 

the cloud dashboard. LED loads were successfully controlled remotely through the 

smartphone application with minimal response delay. The voltage and current sensors 

provided accurate measurements under normal operating conditions, and the measured data 

was continuously displayed on the Blynk interface. 

Fan speed control was implemented using PWM techniques, allowing smooth variation 

across multiple speed levels. The system achieved reliable synchronization between hardware 

and cloud communication with low latency. Power consumption calculations were performed 

using real-time voltage and current values obtained from the sensors. 

The testing results confirmed that the proposed system operates efficiently and reliably for 

smart home applications. The system also demonstrated scalability and can be expanded to 

include additional appliances and monitoring features. 
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Testing results confirmed successful remote operation of LED loads and real-time monitoring 

of voltage and current values through the Blynk application. The system achieved low- 

latency cloud synchronization and reliable performance under normal operating conditions. 

The research work demonstrates that IoT technology can significantly improve the efficiency 

and intelligence of home electrical systems. The proposed automation system combines 

wireless communication, cloud computing, and sensor integration to provide a reliable and 

practical solution for modern smart homes. The developed system can be implemented in 

residential buildings, offices, laboratories, and educational institutions for efficient energy 

management. 

The future scope of this project includes integration with renewable energy systems, smart 

security modules, and advanced data analytics for predictive maintenance. The incorporation 

of artificial intelligence and machine learning techniques can further enhance automation 

capabilities by enabling automatic decision-making based on user behaviour and 

environmental conditions. 

7. CONCLUSION 

The proposed IoT-based smart home automation system successfully demonstrated intelligent 

appliance control, cloud-based monitoring, and energy management using ESP32 and Blynk 

technology. The integration of voltage and current sensors enabled real-time monitoring of 

electrical parameters, while PWM-based fan speed regulation improved energy efficiency and 

user convenience. 

The developed system offers several advantages including low implementation cost, wireless 

operation, scalability, user-friendly interface, and reliable cloud synchronization. The 

experimental results validated the effectiveness of the proposed design under practical 

operating conditions. The system is suitable for modern smart homes, educational projects, 

and industrial prototype development. 

Future enhancements may include integration of voice assistants such as Google Assistant 

and Amazon Alexa, machine learning algorithms for predictive energy analysis, automated 

scheduling systems, and advanced safety mechanisms including fire detection and overload 

protection. The implementation of artificial intelligence-based decision-making can further 

improve the efficiency and intelligence of the smart home environment. 

Power Calculation 

P = V × I 

Table 1. Performance results 

Feature Tested Expected Output Achieved Result 

Wi-Fi Connection Stable Link Connected Successfully 

LED Control Remote ON/OFF Fully Functional 

Fan Speed Regulation Variable Speed Smooth 0–5 Levels 

Voltage Monitoring Real-Time Values Accurate Readings 

Current Monitoring Live Monitoring Successfully Measured 

 

8. FUTURE SCOPE 

The future development of IoT-based smart home automation systems will focus on 

improving intelligence, security, and energy optimization. Advanced cloud computing 

http://www.ijrt.org/


                               International Journal of Research and Technology (IJRT) 

 International Open-Access, Peer-Reviewed, Refereed, Online Journal  

ISSN (Print): 2321-7510 | ISSN (Online): 2321-7529 

| An ISO 9001:2015 Certified Journal | 

912 
Volume 14 Issue 02 April - June 2026                 www.ijrt.org        

technologies and artificial intelligence algorithms can be integrated into the system to enable 

predictive analysis and automated decision-making. Machine learning techniques can analyse 

user behaviour patterns and automatically control appliances to maximize comfort and 

minimize energy consumption. Voice-controlled assistants such as Google Assistant and 

Amazon Alexa can also be integrated with the proposed system to provide hands-free 

operation. Additional safety  

features such as smoke detection, gas leakage monitoring, fire alarms, and intrusion detection 

systems can further improve the reliability and security of smart homes. Renewable energy 

integration and smart grid compatibility are also promising areas for future research and 

development. 
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