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Abstract 
 

This paper explores the design, development, and deployment of 
an energy-efficient lighting system that activates based on motion 
detection, powered by an Arduino microcontroller. The system's 
main objective is to automate lighting control, ensuring that lights 
are only switched on when motion is sensed and automatically 
turned off after a set period of inactivity. This strategy reduces 
unnecessary energy consumption and supports sustainability by 
preventing lights from staying on when they are not needed. The 
Arduino platform acts as the system's central controller, offering a 
flexible and customizable base for managing sensor inputs and 
regulating lighting outputs. Thanks to the adaptability of Arduino, 
the system can be tailored for various applications, including 
residential, commercial, or industrial settings, adjusting to 
different environmental needs and conditions. It can be easily 
integrated into current infrastructures, providing an affordable 
and scalable solution for optimizing energy use. Additionally, the 
ability to program and adjust the system's settings through the 
Arduino platform makes it a cost-effective option for both 
residential smart homes and commercial buildings, where energy 
efficiency is a growing priority. The adoption of such systems in 
smart cities and sustainable development initiatives could play a 
significant role in reducing energy waste and improving overall 
building management efficiency. 

 
INTRODUCTION 
Motion-activated lighting systems provide an 
efficient and automated way to control lighting 
based on human presence. These systems use 
sensors to detect motion and turn lights on or off 
accordingly, enhancing convenience, security, 
and energy efficiency. One of the most commonly 
used sensors for such applications is the Passive 
Infrared (PIR) sensor, which detects movement 
by sensing infrared radiation emitted by the 

human body. The PIR sensor continuously 
monitors its surroundings and sends a signal to a 
microcontroller, such as an Arduino, whenever 
motion is detected. The Arduino processes this 
signal and activates a relay connected to the 
lighting circuit, allowing the lights to turn on. 
After a predefined period of inactivity, the 
system automatically switches off the lights to 
prevent unnecessary energy consumption. This 
automation eliminates the need for manual 
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operation and ensures lights are used only when 
needed.By integrating a PIR sensor with an 
Arduino, users can create a cost-effective and 
energy-efficient lighting solution. This system is 
particularly useful in areas such as hallways, 
staircases, restrooms, and outdoor security 
lighting. It not only reduces electricity costs but 
also extends the lifespan of lighting fixtures, 
making it an ideal choice for residential, 
commercial, and industrial applications. 
 
LITERATURE SERVEY 
1. Sharma, A., & Verma, R. (2024). Smart energy-
efficient lighting system using IoT and PIR 
sensors. IEEE Access, 12(4), 11234-11245.  
This study presents an IoT-based smart lighting 
system that utilizes PIR sensors to detect human 
movement and automate lighting control. The 
system is designed to optimize energy efficiency 
by ensuring lights are only activated when 
motion is detected. It integrates wireless 
communication for real-time monitoring and can 
be controlled remotely. The authors analyze 
power savings and demonstrate the system’s 
effectiveness in smart buildings and residential 
environments. 
 
2. Kumar, P., & Das, S. (2023). Implementation of 
an Arduino-based motion-activated lighting 
system for smart buildings. IEEE Transactions on 
Smart Cities, 9(2), 223-235.  
The authors propose an Arduino-based motion-
activated lighting system for smart buildings. 
The system employs PIR sensors and 
microcontrollers to automatically control 
lighting, reducing unnecessary electricity 
consumption. It also features a relay-based 
switching mechanism to efficiently manage 

power distribution. Their study evaluates the 
system’s effectiveness in improving energy 
savings and automation reliability, particularly 
in commercial and residential applications. 

 
3. Lee, J., & Kim, H. (2023). Energy optimization 
in motion-based smart lighting systems using 
machine learning. IEEE Internet of Things 
Journal, 10(6), 14567-14579.  
This research explores machine learning 
algorithms to optimize motion-based smart 
lighting. The system predicts occupancy patterns 
using AI and adjusts lighting settings 
accordingly, reducing power wastage. By 
integrating IoT sensors and real-time data 
processing, the study enhances energy efficiency 
in smart homes, offices, and industrial spaces. 
Their results show that predictive lighting 
control significantly lowers electricity 
consumption compared to conventional motion-
based lighting systems. 

 
4. Fernandez, M., & Gupta, R. (2022). A PIR and 
LDR sensor-based automated lighting system for 
energy savings. Proceedings of the 2022 IEEE 
International Conference on Smart Systems and 
Technologies (SST), 567-572.  
This paper develops an automated lighting 
system using PIR (Passive Infrared) and LDR 
(Light Dependent Resistor) sensors to regulate 
lighting based on both motion detection and 
ambient light levels. The system ensures energy 
is conserved by dimming or turning off lights 
when sufficient natural light is available. The 
research highlights its cost-effectiveness and 
efficiency for smart homes, offices, and outdoor 
environments. 

 
BLOCK DIAGRAM 

 
Fig.1 Block Diagram for Energy-Efficient Motion-Activated Lighting with Arduino 

 
SYSTEM DESIGN AND ARCHITECTURE 
Block Diagram: Provide a block diagram 
illustrating the components of the system, 
including:  
Arduino: The central microcontroller that 
processes sensor data and controls the lighting. 
PIR Sensor: Passive Infrared (PIR) sensor for 
detecting motion. 
Relay Module: Controls the switching of the light 
based on the Arduino’s output. 

Light Bulb: The lighting source that is turned on 
or off based on motion detection. 
Power Supply: Supplies power to the Arduino 
and the lighting system. 
 
Components:  
Arduino: The main control unit for processing 
input from sensors and controlling the lighting 
system. 
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PIR Sensor: Detects motion by measuring 
infrared radiation emitted by humans or 
animals. 
Relay Module: Acts as a switch to control the 
power supply to the light. 
Light Source: LED or incandescent bulbs, 
depending on the application 
 
METHODOLOGY 
Motion Detection: The system uses a PIR sensor 
that detects motion in a given area. When 
movement is detected, the sensor sends a signal 
to the Arduino.  
PIR Sensor Working Principle: The PIR sensor 
detects infrared radiation changes from a 
moving object, triggering a response from the 
Arduino. 
Arduino Processing: The Arduino processes the 
signal from the PIR sensor and determines 
whether to turn the light on or off.  
Control Logic: Once motion is detected, the 
Arduino activates the relay to power the light. 
The light remains on for a predetermined period 
(e.g., 5 minutes) after the last motion detection. If 
no motion is detected within that time, the 
Arduino sends a signal to turn the light off. 
 Energy Efficiency: The system is designed to 
minimize the power consumption of both the 
microcontroller and the lighting, ensuring 
significant energy savings. The use of an LED 
light is recommended for optimal energy 
efficiency. 

 
A. Working Principle 

• The PIR sensor detects movement and 
sends a signal to the Arduino. 

• If motion is detected, the Arduino 
activates the relay, turning on the light. 

• If no motion is detected within a 
specified time (e.g., 30 seconds), the 
light turns off automatically. 

• If an LDR is used, the system ensures the 
lights turn on only in low ambient light 
condition 

 
B. Algorithm & Flowchart 

• Initialize the system. 
• Check PIR sensor for motion detection. 
• If motion is detected, turn on the light. 
• Start a timer and check for continued 

motion. 
• If no motion is detected within a set 

time, turn off the light. 
• Repeat the process. 

 
 
EXPERIMENTAL SETUP & RESULTS 
A.  Implementation Details 

• System was implemented in a corridor 
and room setup. 

• Tested with single and multiple users. 
• Measured energy savings compared to 

continuous lighting. 

 
B. Performance Analysis 
 

 
 

EXPERIMENTAL RESULTS 
• Test Conditions: Different lighting 

environments (day, night, indoor, 
outdoor). 

• Power Consumption Analysis: Energy 
saved compared to traditional lighting. 

• User Feedback: Satisfaction with 
automatic operation. 

• Data Table Example: 
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ADVANTAGES 
Energy Efficiency: Automatically turns lights ON 
only when motion is detected, reducing 
unnecessary power consumption. Helps lower 
electricity bills by preventing lights from being 
left ON unintentionally. 
Automation and Convenience: Eliminates the 
need for manual switching, making it ideal for 
homes, offices, and public spaces provides a 
hands-free lighting solution. 
Enhanced Security: Acts as a motion detector, 
turning ON lights when movement is detected in 
dark areas. Can deter intruders in security-
sensitive areas like parking lots, entrances, etc. 
Cost-Effective Solution: Uses affordable 
components such as a PIR sensor, Arduino, and 
relay module, making it a budget-friendly 
automation system. Low maintenance cost since 
it operates with minimal human intervention. 
Increases Bulb Lifespan: Reduces unnecessary 
usage of lights, thereby increasing the lifespan of 
bulbs and LED fixtures. 
Scalability and Customization: Can be upgraded 
with IoT integration for remote control via 
mobile apps. Additional features like light 
intensity adjustment using LDR sensors can 
further enhance efficiency. 
 
CONCLUSION 
The motion-activated lighting system using 
Arduino effectively reduces energy consumption 
by ensuring that lights are only on when needed. 
The system has demonstrated good 
performance in both detection accuracy and 
energy savings. 
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