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Abstract: This paper presents an energy-efficient lighting system that integrates Light Emitting Diodes (LEDs) with
motion (PIR) and ambient light sensors (LDR). The system optimizes energy consumption by controlling the lights based
on occupancy and ambient light conditions. The use of LEDs ensures low power consumption, while the sensors help
reduce unnecessary energy usage. The system, managed by a microcontroller, adjusts the LED brightness or turns the
lights off when no movement is detected or when ambient light is sufficient. The proposed system is designed to offer
energy savings without compromising lighting requirements.
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l. INTRODUCTION

Lighting in both residential and commercial buildings is one of the largest consumers of electricity. Traditional lighting
systems, like incandescent and fluorescent bulbs, consume a significant amount of power and have a relatively short
lifespan. However, LEDs offer a promising solution to reduce energy consumption due to their high efficiency and longer
lifespan.

Furthermore, the integration of sensors like Passive Infrared (PIR) motion sensors and Light Dependent Resistor (LDR)
sensors can significantly optimize energy use. PIR sensors detect human presence, while LDR sensors measure ambient
light to adjust the lighting system dynamically. This paper discusses the design and implementation of an energy-efficient
LED-based lighting system controlled by a microcontroller that uses these sensors.

1. SYSTEM DESIGN

2.1 Components:

1. LEDs: The light source in the system, chosen for their energy efficiency and longevity.

2. PIR Motion Sensor: Detects human presence by sensing infrared radiation from the human body.

3. LDR (Light Dependent Resistor): Senses ambient light intensity and adjusts the brightness of the LEDs based
on the room’s natural lighting.

4. Microcontroller (e.g., Arduino): The controller that processes the sensor inputs and controls the LEDs.

5. Relay Module: Used to switch the LEDs on/off based on control signals from the microcontroller.

6. Power Supply: Provides the necessary power to the system, typically using a 5V DC source for microcontroller

and sensors.

2.2 Block Diagram:

Below is a Block Diagram illustrating the components and their interactions within the system:

PIR Sensor [LEDs] Microcontroller Relay Module
(Motion Sensing) > (Arduino/MCU) (Switches ON/OFF)

LDR Sensor —— Control Logic < .

L 5 . .
(Ambient Light)
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2.3 Working Principle:

. PIR Motion Sensor: The PIR sensor detects movement in the room. If motion is detected, it sends a signal to
the microcontroller, triggering the system to turn the lights on.

. LDR Sensor: The LDR measures ambient light levels. If there is enough natural light in the room, the system
dims or turns off the LED lights. If the ambient light is low, the system turns on or brightens the LED lights.

. Microcontroller: The microcontroller processes inputs from the PIR and LDR sensors and uses logic to
control the LEDs' status (on/off or dimmed) accordingly.

1. METHODOLOGY

3.1 Circuit Design:
The circuit consists of an Arduino microcontroller connected to both the PIR motion sensor and the LDR sensor. The
PIR sensor sends a high signal when motion is detected, which is read by the microcontroller.

Similarly, the LDR sensor provides an analog value based on the ambient light level, which the microcontroller reads to
decide whether to turn on or dim the LEDs.

The LEDs are connected to the relay module, which is controlled by the microcontroller. If the conditions (motion
detected and insufficient ambient light) are met, the microcontroller will send a signal to the relay to power the LEDs.

Arduino
(Microcontroller)

! |

PIR Motion Sensor LDR Sensor

! v

Relay Module

}

[LEDs]

Figure 1: Circuit Diagram
3.2 Software Design:

The system is programmed using the Arduino IDE. The microcontroller runs a program that continuously reads the input
from the PIR and LDR sensors. Based on the data received, it triggers the LEDs to turn on/off or adjust their brightness.

Sample Code:

#define pirPin 2

#define I1drPin AO

#define ledPin 3

#define threshold 500 // Adjust the threshold for light sensitivity

void setup() {
pinMode(pirPin, INPUT);
pinMode(ldrPin, INPUT);
pinMode(ledPin, OUTPUT);

}

© IJIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 48


https://ijireeice.com/
https://ijireeice.com/

ISSN (O) 2321-2004, ISSN (P) 2321-5526

IJIREEICE

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering
Impact Factor 8.021 :: Peer-reviewed & Refereed journal :< Vol. 12, Issue 11, November 2024
DOI: 10.17148/IJIREEICE.2024.121104

void loop() {
int pirStatus = digitalRead(pirPin); // Read PIR sensor
int IdrValue = analogRead(ldrPin);  // Read LDR sensor

if (pirStatus == HIGH && ldrValue < threshold) {
digitalWrite(ledPin, HIGH); // Turn on the LED if motion is detected and ambient light is low
} else if (pirStatus == LOW || IdrValue >= threshold) {
digitalWrite(ledPin, LOW); // Turn off the LED if no motion or sufficient ambient light
}
}

V. RESULTS AND DISCUSSION

4.1 Energy Efficiency Analysis:
To evaluate the energy efficiency of the proposed system, the energy consumption of a traditional incandescent lighting
system is compared to the LED-based system. The following table shows the average energy savings observed in both
systems under typical conditions.

Parameter Traditional Proposed LED Enerav Savinas
Incandescent System 9y g
Power Consumption (W) 60W 10W 83.33%
Hours of Operation per Day 6 hours 6 hours
Eg‘;rgy Consumption per 0.36 kWh 0.06 KWh 0.30 KWh (83.33%)
Monthly Energy 10.8 KWh 1.8 KWh 9.0 kWh (83.33%)
Consumption

Table 1: Energy Savings Comparison

The data shows that the LED-based system reduces energy consumption by over 83%, highlighting the system’s potential
for substantial energy savings.

4.2 System Performance:

The system was tested under different lighting conditions and occupancy patterns. The PIR sensor detected motion
accurately, and the LDR sensor effectively adjusted the lighting based on ambient light. The system responded promptly
to sensor inputs, ensuring energy-efficient operation.

4.3 Challenges:

. Sensor Calibration: The LDR sensor required careful calibration to adjust for varying ambient light conditions,
such as sunlight or artificial lighting from neighboring rooms.

. PIR Sensor Range: The range of the PIR sensor may require adjustment depending on room size to ensure
proper coverage.

V. CONCLUSION

This research demonstrates the potential of an energy-efficient lighting system using LEDs, PIR sensors, and LDR
sensors. The system significantly reduces energy consumption by adjusting lighting based on occupancy and ambient
light levels. With the use of a microcontroller, the system is both scalable and easy to implement. The proposed solution
offers a practical approach to reducing energy consumption in various environments, from homes to commercial
buildings. Future work could explore integrating additional features such as remote control via smartphones, more
sophisticated sensor calibration techniques, and integration with smart home systems for further optimization
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