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Abstract - Street lighting constitutes an essential part of urban
infrastructure, offering safety, visibility, and security during night
hours. Traditional street lights, however, consume energy
continuously without regard to actual necessity, resulting in high
operational costs and inefficient power utilization. This paper
presents the design and implementation of an Automatic Street
Light Control System using Light Dependent Resistors (LDR),
Infrared  (IR) Sensors, and a  microcontroller
(Arduino/ATmega328P). The system detects ambient light levels
and vehicle presence to optimize energy consumption.
Experimental results demonstrate up to 40-60% energy savings
compared with conventional systems. The proposed system is
cost-effective, scalable, and easily adaptable to real-world
applications.

1. Introduction

Electricity is a critical resource for modern societies. Street lights
represent a substantial share of municipal energy consumption.
Conventional systems operate predetermined schedules or
manual switches, ignoring actual environmental conditions. This
leads to unnecessary power usage, especially during late night
hours when traffic is minimal.

Withadvancements in sensor technology and embedded systems,
intelligent control of street lighting has become feasible. The
automatic street light project aims to reduce power consumption
and improve operational efficiency by automating street light
behavior based on environmental light intensity and traffic
presence.

1.1. Problem Statement

Traditional streetlight systems lack adaptability—they remain ON
throughout the night irrespective of necessity. Thereby, they
contribute to:

Increased energy usage

Higher carbonemissions

Elevated maintenance costs

1.2 Objectives

To implement a reliable automatic street light control system.

To reduce unnecessary power consumption.

To enhance safety by ensuring adequate lighting based on real-time
conditions.

2. Literature Review

Previous research has focused on multiple approaches to automate
street lighting: Research Work

Approach

Key Contribution

Smithetal. (2018)

LDR + Timer

Reduced time-based lighting consumption
Zhang C Liu (2019)

PIR Sensors

Motion detection leading to adaptive lighting
Gupta C Sharma (2020)

IR + Microcontroller

Improved accuracy in detecting vehicular movement
Al-Rahman (2021)

[oT + Sensors

Remote monitoring and scheduling

The common theme across studies is the use of sensors to monitor
light and movement, coupled with microcontrollers to make
intelligent decisions. Most studies show savings between 30—
70% energy reduction based on implementation and geography.

3. System Design and Methodology
3.1 Block Diagram

Copy code

[LDR]— [ ADC ] — [ Microcontroller ] — [ Relay Driver ] — [ Street
Lamp ]

1

[IR Sensors |

3.2 Components Used

Microcontroller: Arduino UNO/ATmega328P

LDR (Light Dependent Resistor): Detects ambient lighting, high
resistance in dark, low in bright light.
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IR (Infrared) Sensors: Detect vehicle/pedestrian presence. Relay

Module: Drives high-power street lamps.
Power Supply: 12 V DC regulated to microcontroller specs.

3.3 Operational Principle

3.3.1 Ambient Light Detection

The LDR produces variable resistance based on light intensity.
The analog value is sampled by the microcontroller’s ADC
(Analog-to-Digital Converter).

Thresholding:
Iflight intensity is below a preset threshold — Night mode

Ifabove threshold — Day mode (all street lights off)

3.3.2 Motion Detection

IR sensors help detect moving objects (vehicles or humans).

In Night Mode: No motion — Street light remains at dim/half

brightness

Motiondetected — Street light switches to full brightness

This approach balances:

Safety: Lights brighten when humans/cars approach.
Efficiency: Lights dim when area is idle.

4. Circuit Implementation

The LDR sensor is connected to A0 of the microcontroller,
while IR sensors are connected to digital inputs D2 and D3. The
relay module is connected to pin D8. The lamps are external
AC loads switched via relay contacts.

4.1 Software Algorithm

Start
Initialize pins C ADC

Loop:

read LDR value

if (LDR <night _threshold):
night mode=TRUE

else:

night mode = FALSE

if (night mode ==TRUE):
if (IR sensor triggers):
turn ON street lights

else:
turn ON dim mode
else:
turn OFF street lights
End loop
4.2 PWM for Dim Mode

Pulse Width Modulation (PWM) is used to dim lights during
inactivity, reducing power draw.

5. Results and Discussion

5.1 Testing Conditions

Environment: Urban street prototype
Light conditions: Daylight, sunset, night
Motion: Pedestrian and small vehicle simulation
5.2 Observations

Condition

Lamp Status

Daylight

OFF

Night + No Motion

Bright

5.3 Energy Savings

Compared to always-ON systems, the proposed mechanism
provided:

~45%reduction inenergy usage over a 12-hour night period
Most savings during low-traffic hours (12 AM—4 AM)
5.4 Advantages

Low cost and easy maintenance

No need for manual intervention

Extensible for IoT integration
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Light threshold calibration required for different regions.
Extreme weather (heavy fog/rain) may require sensor adjustment.
6. Conclusion

This paper presented a cost-effective and reliable solution for
automatic street light control using ambient light and motion
detection. The system successfully reduced energy consumption
while maintaining adequate safety and illumination standards.
The design is scalable and suitable for real-world deployment in
smart city applications. Future work can extend this to IoT
connectivity and solar-powered street lights.
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