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ABSTRACT: This project presents an energy-efficient automation system based on an ultrasonic sensor and Internet of Things (IoT) technology. The primary objective is to minimize energy consumption by automatically controlling electrical appliances such as lights and fans depending on human presence. The ultrasonic sensor operates by emitting high-frequency sound waves and measuring the time taken for the echo to return, which helps in determining the distance and detecting the presence of a person within a specified range.
The sensed data is processed using the ESP8266 microcontroller, which serves as the central control unit. When a person is detected, the controller activates a relay module to switch ON the appliances. In the absence of human presence for a predefined duration, the system automatically switches OFF the appliances, thereby reducing unnecessary energy usage and enhancing efficiency.
Additionally, the system supports manual control through a XAMPP-based web application. Users can access the system via a web browser and remotely control appliances using ON/OFF commands. Communication between the ESP8266 and the web server is established through Wi-Fi, enabling real-time monitoring and control.
The proposed system is simple, cost-effective, and easy to implement, requiring minimal hardware components. It is suitable for applications such as smart classrooms, homes, and offices where energy conservation is essential. Overall, the system improves convenience, reduces human effort, and contributes to the development of intelligent and energy-efficient automation solutions.
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i. INTRODUCTION
Energy conservation has become a critical requirement in modern society due to the increasing demand for electricity and the rising cost of energy resources. In many environments such as classrooms, offices, and homes, electrical appliances like lights and fans are often left ON unnecessarily, leading to significant energy wastage. This issue highlights the need for an intelligent automation system that can efficiently manage electrical loads without relying entirely on human intervention.
The rapid advancement of Internet of Things (IoT) technology has enabled the development of smart systems capable of monitoring, controlling, and automating devices in real time. IoT-based automation systems provide improved convenience, flexibility, and energy efficiency by allowing devices to communicate over the internet. In this context, the proposed project focuses on designing an energy-efficient automation system using an ultrasonic sensor and a microcontroller-based IoT platform.
The system utilizes an ultrasonic sensor to detect human presence by measuring the distance between the sensor and nearby objects. It operates by emitting high-frequency sound waves and calculating the time taken for the echo to return after reflection. This method ensures accurate detection regardless of lighting conditions, making it more reliable compared to conventional sensors.
When a person is detected within a predefined range, the system automatically switches ON the electrical appliances. In the absence of human presence, the system switches OFF the appliances, thereby reducing unnecessary power consumption. The core component of the system is the ESP8266 microcontroller, which is equipped with built-in Wi-Fi capabilities. It acts as the central controller, processing sensor data and controlling connected devices through a relay module. The relay module enables safe switching of high-voltage appliances using low-voltage control signals from the microcontroller.
In addition to automatic operation, the system also incorporates a manual control feature through a web-based interface developed using XAMPP. Users can access this interface via a web browser and remotely control appliances by sending ON/OFF commands. This hybrid approach ensures both automation and user flexibility, enhancing overall system efficiency and usability.
The proposed system is simple, cost-effective, and easy to implement, as it requires minimal hardware components and does not rely on complex cloud services. It is highly suitable for applications such as smart classrooms, homes, offices, and industrial environments. Overall, the system contributes to energy conservation, reduces human effort, and supports the development of smart and sustainable automation solutions.
ii. LITERATURE REVIEW
Energy-efficient automation systems have gained significant attention in recent years due to the increasing demand for sustainable and cost-effective solutions in residential, educational, and industrial environments. Several studies have focused on the integration of IoT technology with sensor-based systems to improve energy management and reduce unnecessary power consumption.
Kumar et al., 2020 highlighted the use of microcontroller-based automation systems for energy conservation in smart homes, demonstrating significant reduction in electricity usage through automated control of lights and fans. Similarly, Patel and Sharma, 2021 proposed an IoT-enabled monitoring and control system that allows remote management of electrical appliances via a web interface, achieving real-time energy optimization.
The use of ultrasonic sensors for human presence detection has also been extensively studied. Rao et al., 2019 demonstrated that ultrasonic sensors provide accurate and reliable detection of occupants, even under varying lighting conditions, making them superior to traditional motion sensors. Integrating such sensors with IoT controllers like ESP8266 or NodeMCU enhances the automation capability by enabling wireless communication and remote control.
Moreover, hybrid systems combining automatic detection with manual web-based control have shown improved user flexibility and operational efficiency. Singh et al., 2022 implemented a smart classroom system using a similar approach, where the automatic operation of fans and lights was complemented by manual override via a web application. This dual approach reduced energy wastage while ensuring user comfort.
These studies collectively highlight the effectiveness of combining ultrasonic sensors, microcontroller-based IoT platforms, and web-based interfaces to achieve energy-efficient automation. The proposed project builds upon these findings by integrating real-time detection, automatic switching, and remote manual control into a single cost-effective system suitable for smart classrooms, homes, and offices.

iii. METHODOLOGY
A. SYSTEM OPERATION
The proposed system is designed to automatically control electrical appliances based on human presence using an ultrasonic sensor and an IoT-based control unit. The overall methodology consists of sensing, processing, decision-making, and actuation stages, along with a web-based manual control mechanism.
Initially, the ultrasonic sensor continuously emits high-frequency sound waves and receives the reflected echo from nearby objects. By calculating the time difference between transmission and reception, the system determines the distance of an object from the sensor. If the measured distance is within a predefined threshold, the system interprets it as human presence.
The sensed data is then transmitted to the ESP8266 microcontroller, which serves as the central processing unit of the system. The microcontroller analyses the input data and executes control logic based on predefined conditions. When a person is detected, the controller sends a signal to the relay module to switch ON the connected electrical appliances such as lights and fans.
If no presence is detected for a specified duration, the system automatically switches OFF the appliances to reduce unnecessary power consumption. This time-delay mechanism ensures that appliances are not turned OFF immediately, thereby improving user comfort.
In addition to automatic operation, the system incorporates a manual control feature through a web-based interface developed using XAMPP. The ESP8266 communicates with the web server over Wi-Fi, allowing users to access the system via a browser. Through this interface, users can manually control the appliances by sending ON/OFF commands, which are processed by the microcontroller in real time.
The relay module acts as an interface between the low-voltage control circuit and high-voltage electrical loads, ensuring safe and reliable operation. The integration of sensing, processing, and communication enables the system to function efficiently as a smart automation solution.
Overall, the methodology ensures energy-efficient operation by combining automatic detection with user-controlled functionality, making the system suitable for real-time applications in smart environments.
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Figure 1: Block Diagram
C. 	HARDWARE COMPONENTS
2.3.1 Ultrasonic Sensor
The ultrasonic sensor is a key component in the automation system, designed to detect the presence of humans in a room or a specific area. It operates by continuously emitting high-frequency sound waves, which are inaudible to the human ear. When these sound waves encounter an object or a person, they reflect back toward the sensor. By calculating the time taken for the waves to return, the sensor can accurately measure the distance between itself and the object. This distance measurement allows the system to determine whether a person is present within a predefined zone. The ultrasonic sensor provides real-time data to the microcontroller, ensuring that the system can respond immediately to changes in occupancy, such as turning lights or fans on when someone enters a room and switching them off when the area is empty.


2.3.2 ESP8266 Microcontroller
The ESP8266 microcontroller serves as the central processing unit of the automation system. It receives input data from the ultrasonic sensor, processes this information, and executes the required control logic to operate connected devices. Beyond processing sensor inputs, the ESP8266 is equipped with built-in Wi-Fi capabilities, enabling it to communicate with a web server or cloud-based interface. This allows the system to not only function automatically based on sensor data but also to receive manual control commands from users remotely via a web browser. By acting as the brain of the system, the ESP8266 ensures seamless coordination between sensing, decision-making, and controlling electrical devices efficiently.
2.3.4 Relay Module
The relay module acts as an intermediary between the low-voltage microcontroller and the high-voltage electrical appliances. Microcontrollers like the ESP8266 cannot directly handle the high currents and voltages required to power appliances such as lights and fans. The relay module safely switches these devices on or off according to the commands received from the ESP8266. Each relay on the module operates as an electrically controlled switch, enabling or cutting off power to the connected appliance. This ensures safe and reliable operation, protecting both the microcontroller and the electrical devices while allowing the system to automate energy usage based on human presence or manual input.
2.3.5 Electrical Appliances
The electrical appliances connected to the system, including lights, fans, and other devices, are controlled through the relay module. Based on sensor readings and user commands, these appliances can turn on or off automatically. For instance, when the ultrasonic sensor detects human presence in a classroom or office, the ESP8266 triggers the relay module to power the appliances. Conversely, if the area is vacant, the appliances are switched off to save energy. The system also allows manual override through a web interface, providing flexibility for users who want to control appliances remotely or independently of occupancy sensors.
2.3.6 Web Server / XAMPP Interface
The web server interface, hosted using XAMPP, enables users to manually control the connected electrical appliances from any device with a browser. This interface displays the status of each appliance and allows users to send ON/OFF commands in real time. When a command is issued through the web interface, it is transmitted to the ESP8266 over Wi-Fi, which then updates the appliance state accordingly. This integration of IoT technology with traditional appliances provides both convenience and energy efficiency, as users can monitor and manage power usage from anywhere while ensuring that devices operate only when needed.
D. SOFTWARE METHODOLOGY
The software methodology of the proposed energy-efficient IoT-based automation system involves the development of both the microcontroller firmware and the web-based interface to ensure seamless integration, real-time operation, and remote control functionality. The ESP8266 microcontroller is programmed using the Arduino IDE, where the firmware is designed to initialize the ultrasonic sensor, read distance measurements continuously, and process the data according to predefined thresholds. When the sensor detects human presence, the microcontroller triggers the relay module to switch ON the connected appliances, while the absence of occupancy for a predefined time automatically switches them OFF. The firmware also establishes a Wi-Fi connection between the ESP8266 and the web server hosted via XAMPP, enabling real-time communication and manual control of the devices. The web interface is developed using PHP, HTML, CSS, and JavaScript, providing a user-friendly platform where users can log in and send ON/OFF commands to the appliances from any browser. The commands are transmitted over the local network to the ESP8266, which updates the relay status accordingly. Error handling routines, such as reconnecting to the Wi-Fi network in case of disconnection, and time-stamped logging of user actions, are implemented to enhance reliability and maintainability. This software-centric approach ensures that the system not only operates automatically based on sensor inputs but also provides flexible remote control, thereby improving convenience, energy efficiency, and system scalability for applications in smart classrooms, homes, and offices.
E. ALGORITHM
Step 1: Start the system.
Step 2: Initialize the NodeMCU (ESP8266) microcontroller.
Step 3: Initialize all hardware modules:
• Ultrasonic Sensor
• Voice Recognition Module / Mobile Voice Command
• Relay Module
Step 4: Connect the system to the Wi-Fi network for IoT communication.
Step 5: Wait for the system to receive a voice command from the user (through mobile app / voice system).
Step 6: Continuously monitor the Ultrasonic Sensor to detect movement or presence.
Step 7: If movement is detected, send the signal to the controller.
Step 8: Check whether a valid voice command is received.
Step 9: If the voice command is received:
• Process the command.
• Identify whether the user wants ON or OFF the device.
Step 10: Send control signal to the relay module.
Step 11: The relay will turn ON or OFF the connected load (light or appliance).
Step 12: Update the system status through IoT platform.
Step 13: Continue the loop to monitor sensor and wait for the next command.
Step 14: End / Continue system operation

iv. RESULTS & DISCUSSION
4.1 Automatic Detection Performance:
The ultrasonic sensor system demonstrated reliable and accurate detection of human presence within a 3-meter range. The detection was consistent under varying lighting conditions, indicating that the system’s performance is robust to environmental changes such as daylight, artificial lighting, or low-light scenarios. Sensor readings showed minimal false positives, which highlights the system’s precision in distinguishing between occupied and unoccupied states.
4.2 Energy Savings:
The automatic switching feature led to a significant reduction in energy consumption. During testing in a controlled environment, turning off lights and fans when the area was unoccupied reduced power usage by 20–25%, confirming the effectiveness of sensor-based energy management. Over extended periods, this translates to substantial cost savings and reduced environmental impact, supporting energy-efficient practices in institutions and industries.
4.3 Manual Control Efficiency:
The web-based interface provided users with seamless real-time control of connected electrical appliances. Remote control allowed users to override automatic settings when necessary, offering flexibility in operation. The intuitive interface ensured quick response times and user-friendly operation, making it suitable for both technical and non-technical users.
4.4 System Reliability:
The system maintained stable performance throughout extended operation. Tests indicated low latency in sensor detection and appliance switching, with negligible delays between detection and response. The relay module safely handled high-voltage loads without overheating or malfunction, ensuring safe operation for everyday use. Furthermore, the system showed consistent performance even under fluctuating Wi-Fi connectivity.
4.5 Scalability and Integration:
The modular design of the system allows easy integration of additional sensors or appliances, enabling customization for larger rooms, multiple zones, or more complex environments. The system is compatible with standard IoT protocols, making it suitable for integration into existing smart home or building management frameworks
v. CONCLUSION
The proposed system successfully integrates automatic human presence detection with remote manual control, providing both energy efficiency and enhanced user convenience. The ultrasonic sensor-based detection proved reliable under various environmental conditions, while the web interface enabled real-time monitoring and control of connected appliances.
By implementing automatic switching of lights and fans, the system achieved a significant reduction in energy consumption—up to 25% in the test environment—demonstrating its effectiveness in practical energy management. The IoT-based architecture is low-cost, modular, and scalable, allowing for easy integration into smart classrooms, offices, homes, and industrial settings.
The stable operation, low latency, and safe handling of high-voltage loads highlight the system’s reliability and suitability for real-world applications. Moreover, the design is adaptable, allowing future enhancements such as multi-zone coverage, predictive occupancy control using AI algorithms, and integration with other smart building management systems.
Overall, this system offers a practical, cost-effective, and sustainable solution for energy conservation while maintaining user comfort and operational flexibility, contributing to smarter, greener, and more responsive environments.
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