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Abstract—Street lighting is an important part of urban
infrastructure and plays a major role in road safety and
public security. However, traditional street lighting
systems often consume unnecessary electrical energy
because they operate continuously without considering
environmental conditions or road activity. This paper
proposes a smart street lighting system based on Internet
of Things (IoT) technology. The system uses sensors and
a microcontroller to monitor ambient light and detect the
movement of vehicles or pedestrians. Based on these
inputs, the street lights automatically adjust their
operation and brightness levels. The integration of IoT
also allows remote monitoring and management of the
lighting system. This approach helps reduce energy
consumption, lowers maintenance costs, and improves
the overall efficiency of street lighting. The proposed
system can contribute to the development of energy-
efficient and intelligent smart city infrastructure.

Index Terms—IoT, Smart Street Lighting, Energy
Efficiency, Motion Sensors, Smart City

[. INTRODUCTION

Street lighting plays an important role in improving
road safety and maintaining visibility during
nighttime. However, traditional street lighting systems
usually operate for fixed periods and remain turned on
regardless of actual environmental conditions. In
many cases, the lights stay on even when there is
sufficient natural light or when there is little or no
movement on the road. This results in unnecessary
energy consumption and increased electricity costs for
local authorities. As urban areas continue to grow
rapidly, efficient energy management has become a
major challenge for modern cities.

The development of the Internet of Things (IoT) has
made it possible to create intelligent systems that can
monitor and control devices through the internet. By
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integrating sensors, microcontrollers, and
communication technologies, street lighting systems
can become more responsive and automated. For
example, motion sensors can detect the presence of
vehicles or pedestrians, while light sensors can
measure the level of ambient light and adjust the
brightness of street lights accordingly.

An IoT-based smart street lighting system can
significantly reduce energy consumption, improve
operational efficiency, and enable remote monitoring
and control of street lights. Authorities can easily
identify faults, regulate lighting levels, and monitor
energy usage from a centralized platform. Such smart
lighting solutions play an important role in developing
sustainable and energy-efficient smart cities.

II. LITERATURE REVIEW

In the last few years, there has been increasing interest
in making street lighting systems more energy
efficient. Researchers have been developing IoT-
based smart street lighting systems to improve energy
efficiency. Traditional street lights often remain on
even when there is enough natural light or no vehicles,
wasting electricity [1],[2]. Traditional street lights
usually operate using fixed timers, which means they
turn on and off at predefined times without
considering the actual surrounding conditions.
Because of this, lights may stay on even when there is
sufficient daylight or when there are no vehicles or
pedestrians on the road. This leads to unnecessary
power consumption and higher electricity costs.

To overcome these limitations, many researchers have
explored the use of Internet of Things (IoT)
technology in street lighting systems. IoT makes it
possible for different devices, sensors, and controllers
to communicate with each other through the internet,
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allowing the lighting system to operate automatically
and intelligently. Some studies have used motion
sensors and Light Dependent Resistors (LDR) to
automatically control brightness based on movement
and ambient light [3],[4]. Several studies have
suggested using sensors such as Light Dependent
Resistors (LDR) to measure ambient light levels and
motion sensors to detect the presence of vehicles or
pedestrians. Recent advancements also include
microcontrollers with Wi-Fi modules for remote
monitoring, allowing authorities to detect faults and
manage lights from a central platform [5].

Recent research has also focused on combining
sensors ~ with  microcontrollers and  wireless
communication modules to enable remote monitoring
and control of street lights. With these systems, city
authorities can monitor the working condition of street
lights, identify faults, and manage the lighting system
from a central location. These approaches show that
IoT-based smart street lighting systems can help
reduce energy consumption and improve the
efficiency of urban infrastructure, making them an
important part of modern smart city development.

II1. PROPOSED SYSTEM

The proposed smart street lighting system is designed
to reduce energy consumption and improve efficiency
using IoT technology. The system consists of sensors,
a microcontroller, and communication modules that
work together to control street lights automatically.
Light sensors are used to detect surrounding
brightness, while motion sensors detect the presence
of vehicles or pedestrians. The microcontroller
processes the sensor data and adjusts the street light
brightness accordingly. Through IoT connectivity, the
system can also be monitored and controlled remotely.
The proposed system is built using a combination of
sensors, a microcontroller, and IoT communication
technology to create an intelligent street lighting
solution.

The Light Dependent Resistor (LDR) is used to
measure the intensity of ambient light and determine
whether it is day or night. A motion sensor, such as a
Passive Infrared (PIR) sensor, detects the presence of
vehicles or pedestrians on the road. The
microcontroller acts as the main processing unit that
receives data from the sensors and makes decisions
regarding the operation of the street lights. When low

IJIRT 194196

light conditions are detected and movement is sensed,
the system increases the brightness of the street lights
to provide proper illumination. When no movement is
detected, the lights automatically switch to a dim mode
to conserve energy. Additionally, IoT connectivity
allows the system to transmit data to a central
monitoring platform, enabling remote supervision,
fault detection, and efficient management of the
lighting infrastructure.

Main Components of Proposed System

e Light Dependent Resistor (LDR) sensor

e  Passive Infrared (PIR) motion sensor

e Microcontroller (Arduino/ESP32/NodeMCU)
e Wi-Fi or [oT communication module

e LED street lights

e  Power supply unit

Figure 1: Architecture of loT-Based Smart Street Lighting System
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Figure 1: Architecture of IoT-Based Smart Street
Lighting System

IV. WORKING OF THE SYSTEM

The proposed smart street lighting system operates
automatically using sensors and IoT technology. The
system  continuously  monitors  environmental
conditions and controls the street lights accordingly.
The Light Dependent Resistor (LDR) detects the level
of surrounding light, while the motion sensor detects
the presence of vehicles or pedestrians. Based on the
sensor data, the microcontroller decides whether to
turn the street light on, adjust its brightness, or keep it
dim to save energy. The overall working process of the
system is illustrated in Figure 2.

The operation of the system begins with monitoring
the surrounding light conditions. During daytime,
when the intensity of natural light is high, the LDR
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sensor sends a signal to the microcontroller indicating
that sufficient light is available. As a result, the street
lights remain turned off, which prevents unnecessary
energy consumption. When the light intensity
decreases in the evening or during cloudy conditions,
the LDR detects the low light level and sends the
signal to the microcontroller to activate the street
lighting system.

Once the system is activated, the motion sensor starts
monitoring the road for any movement. When a
vehicle or pedestrian is detected, the motion sensor
sends a signal to the microcontroller, which
immediately increases the brightness of the street light
to provide adequate illumination. This ensures proper
visibility and enhances road safety for people and
vehicles moving in the area.

If no movement is detected for a certain period of time,
the microcontroller reduces the brightness of the street
light or switches it to a dim mode. This feature helps
in conserving electrical energy while still maintaining
a minimal level of lighting for safety purposes. The
system continues to monitor both light intensity and
motion conditions continuously, allowing it to respond
dynamically to changes in the environment.

In addition to automatic control, the IoT module
enables remote monitoring of the street lighting
system. Information about the status of street lights,
energy usage, and possible faults can be transmitted to
a central monitoring platform. This allows authorities
to manage and maintain the lighting system more
efficiently without requiring frequent manual
inspections. The combination of sensor-based
automation and IoT connectivity makes the proposed
system an effective solution for modern smart city
infrastructure.

Figure 2: Flowchart of Smart Street Light Operation
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Figure 2: Flowchart of Smart Street Light Operation
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The system begins by checking the surrounding light
level using the LDR sensor. If the light level is low,
indicating nighttime conditions, the street light is
turned on. The motion sensor then continuously
monitors for the presence of vehicles or pedestrians.
When movement is detected, the street light increases
its brightness to provide proper visibility. If no
movement is detected for a certain period, the
brightness is reduced to conserve energy. This
automatic adjustment helps reduce electricity
consumption while maintaining road safety.

V. ADVANTAGES OF PROPOSED SYSTEM

« Energy conservation: The system significantly
reduces power consumption by operating street
lights only when required.

« Cost efficiency: Lower electricity usage and
automated operation reduce overall operational
and maintenance costs.

+ Improved road safety: Proper lighting is provided
when vehicles or pedestrians are detected,
improving visibility and safety at night.

« Reduced human intervention: The automated
system eliminates the need for manual switching
of street lights.

« Scalability: The system can be easily expanded to
cover larger areas or integrated with other smart
city infrastructure.

+ Fault detection: IoT connectivity allows quick
identification of faulty street lights, enabling
faster maintenance.

+ Environmental benefits: Reduced electricity

consumption helps decrease carbon emissions and

supports sustainable development.

VI. APPLICATIONS OF PROPOSED SYSTEM
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VII. FUTURE SCOPE

Future improvements of the proposed system may
include the integration of solar-powered street lights to
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further reduce energy consumption. Advanced
technologies such as artificial intelligence and
machine learning can also be used to predict traffic
patterns and adjust lighting levels automatically. In
addition, wireless communication technologies like
LoRa or 5G can improve long-distance connectivity
and reliability for large smart city deployments.

VIII. CONCLUSION

This paper presents an loT-based smart street lighting
system designed to improve energy efficiency and
automation in urban lighting. The system uses sensors,
microcontrollers, and internet connectivity to control
street lights based on environmental conditions and
movement detection. By automatically adjusting
brightness levels and enabling remote monitoring, the
system electricity consumption and
maintenance costs. The proposed solution also
improves road safety and supports the development of
sustainable and energy-efficient smart cities. In the
future, such intelligent lighting systems can play a
major role in modern urban infrastructure.
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