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Abstract: The loT-based automatic lighting system proposed in this paper solves the inefficiencies and problems of traditional
urban lighting by using the Internet of Things (10T) technology. This system has been designed to increase energy efficiency and
provide good illumination by controlling the lighting according to the environment. Infrared sensors trigger the system to turn
on the street lamp by detecting motion, while LDR sensors measure the ambient light to ensure that the light is on only in the
dark. The application is validated with hardware integration and programming in Arduino IDE, demonstrating real-time sensor
data, decision logic, and reliable control of the street lamp. The scheme demonstrates the feasibility and effectiveness of l1oT
applications in urban infrastructure, providing scalability and adaptability to the smart city scale for urban development.
Keywords: Arduino, Automatic street lighting, IR Sensor, Motion detection, Ambient light detection, Energy efficiency, Smart
city, Urban infrastructure.

I. INTRODUCTION

Street lighting has long been an essential component of urban infrastructure, providing safety and visibility at night. According to
Downey (1957), traditional street lighting systems have evolved over time from simple incandescent lamps to more complex
technologies, driven by advancements in electrical engineering and an increasing focus on energy efficiency. Initially, the primary
goal was illumination; however, the development of modern street lighting systems now includes considerations of energy
consumption, maintenance, and integration with other urban services. This evolution paves the way for the introduction of 1oT-
based street lights, which combine advanced sensors, connectivity, and intelligent control mechanisms to transform urban lighting
into a dynamic, responsive system capable of responding to real-time data and environmental changes [1]. The integration of loT
technologies into street lighting systems has gained significant traction in recent years, offering distinct advantages over traditional
lighting systems. One of the most widely adopted technologies for managing street lighting is ZigBee, a low-power wireless sensor
network protocol, as discussed by Lavric et al. (2014). ZigBee facilitates the efficient communication between streetlights, sensors,
and central control systems, enabling streetlights to automatically adjust their brightness based on ambient light conditions and
pedestrian or vehicle movement. This results in a more adaptable and efficient lighting system that can respond to real-time data and
optimize energy usage, providing both convenience and energy savings for urban areas [2]. Energy efficiency remains one of the
primary benefits of 1oT-based street lighting systems. Chen et al. (2008) emphasize the role of advanced sensors and automated
control mechanisms in enhancing energy efficiency. loT-enabled streetlights can adjust their intensity based on environmental
factors such as ambient light levels and detected motion. For instance, when no activity is detected, the lights can dim to conserve
power. Conversely, when movement is detected, the lights brighten to ensure safety and visibility. This dynamic adjustment ensures
that energy is used only when and where it is needed, leading to significant savings in electricity costs and contributing to overall
sustainability goals [3].

The integration of 10T platforms into street lighting systems also provides enhanced automation and centralized control, boosting
the reliability and efficiency of urban lighting infrastructure. Szalai et al. (2016) discuss the application of Cyber-Physical Systems
(CPS) design platforms in LED-based streetlighting luminaires, which offer sophisticated control over lighting systems. These
platforms enable remote monitoring and optimization of street lights, making it possible to manage lighting schedules, detect faults,
and predict maintenance needs. Additionally, the use of LED technology in l10T-based systems further enhances energy efficiency,
as LEDs consume less power and have a longer lifespan compared to traditional lighting technologies [4]. Many cities are already
implementing loT-based street lighting systems to create smarter, more energy-efficient urban environments. In the case of Nagpur
Smart City, Prasad (2020) highlights how loT-based street lighting has been integrated with other smart city initiatives. By
connecting streetlights to the cloud and incorporating sensors for monitoring traffic and light levels, Nagpur can optimize its energy
usage and reduce operational costs. Furthermore, the system allows for real-time lighting adjustments based on traffic density,
weather conditions, and other factors, providing a more responsive and efficient infrastructure that enhances the overall urban
experience [5].
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The economic and environmental advantages of loT-based street lighting systems are substantial. Khan and Mohammad (2023)
discuss the energy and economic impacts of integrating smart technologies into street lighting, finding that 1oT-based systems offer
significant reductions in both energy consumption and maintenance costs. These savings can be reinvested into other areas of urban
development, further fostering the growth of smart cities. Additionally, by reducing the environmental impact of street lighting
through energy-efficient solutions, cities can contribute to achieving sustainability goals and reducing carbon footprints [6].

loT-based street lighting systems can also enhance traffic management and public safety. Saifuzzaman et al. (2017) explore how
integrating street lighting with traffic management systems enables the lights to adjust based on traffic flow. For example, street
lights may brighten in areas with heavy traffic or dim in less-congested areas, improving energy efficiency and traffic safety.
Moreover, linking streetlights with real-time traffic data can help optimize traffic flow, reduce congestion, and improve the overall
quality of life for urban residents, demonstrating the broader benefits of 10T in smart city infrastructure [7].
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Fig.1: 10T based Street Lights

Il. RELATED RESEARCH

A. loT-Based Automated Street Lighting System with Arduino

This paper concentrates on reversing the unfavorable characteristics of conventional urban lighting by applying 10T. The system
puts in place improvised Arduino microcontroller technology enhanced by the use of IR (Infrared) and LDR (Light Dependent
Resistor) for better management of energy consumption and control of street lights. The IR sensor gives the system the ability to
differentiate movement so that the street lamps can turn on when any object is moving, while the LDR sensor helps the lights to
only come on when the intensity of light is low. This includes interaction with hardware components, acquiring data from the
sensors, and decision-making logic programmed using the Arduino Integrated Development Environment (IDE). This research
shows that IoT is feasible in the setting of urban lighting and provides further possibilities for smart city projects and sustainable
city advancement [3][4].

B. loT and Embedded Systems for Automated Street Lighting

This paper focuses on Arduino-based IoT systems for automatic street lighting with special reference to energy management and
smart cities. IR and LDR sensors facilitate the flexible control of lighting by intervening in movements and adjusting the intensity of
the luminance based on the level of lighting prevailing in the room. Through the integration of Arduino for real-time computation
and control, power consumption inconveniences are reduced, supporting urban structures. This study explains how embedded
systems help to improve energy management in city lighting frameworks [2][5].
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C. Intelligent Street Lighting with loT and Arduino

This paper presents an intelligent street lighting system with Arduino as the control. Utilizing IR sensors for motion detection and
LDR sensors for detecting light intensity, the already installed street lights are managed based on online environmental parameters.
The system’s objective is to achieve energy conservation, and its feasibility is proven by prototypes. It demonstrates how the
application of 10T can be done in the public domain to prevent energy wastage and increase the sustainability of progressive cities

[4][6]-

D. Smart Street Lighting Control System Using 10T

This paper presents an analysis of a smart street lighting system that employs IR and LDR sensors in coordination with an Arduino-
based control unit. The system is programmed to turn on the lights when motion is detected and to remain off when the environment
is bright enough due to the LDR sensor. The loT architecture enables the device to be monitored and regulated from a distance, and
this principle can enhance power usage in smart city activities. The research emphasizes the relevance of sensor fusion and
microcontroller configuration in advancing urban illumination networks [5].

E. loT-Based Energy-Efficient Street Lighting System

This paper outlines a proposed 0T approach to street lighting and the associated energy savings. The systematic integration of IR
motion detection and LDR ambient light sensing with an Arduino microcontroller allows for deciding when and how street lights
operate optimally. A relay module is used to link the lights with the control system to enable accurate control of power. The system
is designed to be adaptable for smart city solutions that use real-time data to enhance resource allocation for street lighting [6].

IHLMETHODOLOGY
The methodology for implementing the loT-based Weather Adaptive Street Light System involves a systematic and phased
approach to ensure the successful integration of advanced technologies and the achievement of desired outcomes. The initial phase
encompasses a thorough assessment of the existing urban lighting infrastructure, identifying key locations for deploying weather
sensors and assessing the compatibility of current street lights for 10T integration. This phase also involves a comprehensive review
of weather patterns specific to the geographical area to inform the system's adaptability features.
The loT-Based Automated Street Lighting System is a high-value addition as an innovative concept devised for enhancing energy
efficiency, cutting down the cost of operations, and enhancing smart city development parameters. This system incorporates the use
of 10T technologies to provide a responsive, adaptive, and intelligent lighting system capable of meeting today’s demands of the
urban environment. At its core is the Arduino microcontroller, which is an inexpensive and widely adopted platform controlled
through the Arduino Integrated Development Environment (IDE). The use of the Arduino IDE eases the development challenge as it
provides a user-friendly format for coding and uploading instructions onto the microcontroller, thereby establishing the interaction
of the whole system [3][4]. One of the most important characteristics of this system is that it works in response to data obtained
from the sensors. It employs two primary sensors: Infrared (IR) sensor and Light Dependent Resistor (LDR). The IR sensor can
sense any motion around the sensitive area, such as moving vehicles or pedestrians, ensuring that lights will only illuminate when
there is motion. This guarantees that energy is not wasted on lighting areas that are vacant most of the time. The LDR sensor, on the
other hand, detects the amount of light within the environment to know whether the environment is dark enough to call upon the
light. Through these two sensors, the system ensures that lighting is only turned on at night or when there is movement, thereby
making the most efficient use of the limited power available and avoiding wastage [3][5].
The main distinctive feature of this system is the 10T connectivity that allows devices to interact with cloud platforms. These
connections enable sophisticated capabilities including monitoring, interaction in real-time, and data analysis. This information is
saved to cloud servers for analysis of patterns and can be used to fine-tune lighting operations even more. For example, areas with
heavy foot traffic or high vehicle activity could be programmed for more frequent lighting than less-used areas. Conversely, less
frequented areas could be lit up with minimal intensity, ensuring optimal energy usage while maintaining safety and visibility [4][5].
Additionally, IoT integration helps predict ongoing problems in the system before they cause a breakdown. For example, if one
streetlight or sensor is not functioning efficiently, the system can alert maintenance crews in real time, thereby reducing downtime
and improving system reliability. The system is implemented in a modular fashion, allowing for the integration of additional
components such as wireless communication modules, extra sensors, or renewable power sources like solar panels. This ensures the
system’s future-proofing and adaptability to diverse urban environments [5][6].
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The loT-Based Automated Street Lighting System is highly scalable to accommodate a wide range of urban settings, including
downtown areas, highways, parks, campuses, and residential compounds. By reducing energy wastage and operating costs, the
system promotes environmental conservation and aligns with modern efforts to reduce carbon emissions. Furthermore, improved
public safety from well-lit roads and pathways increases the system’s appeal for adoption in smart city projects. Future systems
might include machine learning or artificial intelligence to enable predictive adjustments and further enhance performance [4][6].
The loT-Based Automated Street Lighting System is a valuable tool for modern smart cities. Through the application of sensors, loT
integration, and energy-efficient solutions, the system provides a sustainable approach to street lighting for cities, societies, and the
environment. Its real-time response capability, remote access, and adaptability to future technologies make it an integral part of
smart and sustainable cities [5][6].

IV.ARCHITECTURE

The loT-based control system for street lighting is designed to enhance energy efficiency through automation, relying on key
components such as an Arduino Microcontroller, a Light Dependent Resistor (LDR), and an Infrared (IR) sensor. The system's
primary function is to automate the operation of street lights based on environmental conditions, such as ambient light and
movement. The LDR plays a crucial role by acting as a sun-level sensor that measures sunlight intensity. When there is sufficient
sunlight during the day, the Arduino Microcontroller receives this input and automatically turns off the street lights, preventing
unnecessary energy consumption. This system ensures that street lights are only operational when needed, contributing to significant
energy savings.
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Fig.2: Architecture for Street Lighting

At night, when the ambient light levels drop, the system switches on the IR sensor, which detects movement within a certain range.
The IR sensor plays a vital role in ensuring that street lights are only fully illuminated when necessary. The Arduino Microcontroller
processes the data from the IR sensor and adjusts the light intensity based on detected movement. If no movement is detected, the
system maintains a low light intensity to save energy while still ensuring a minimal level of illumination for safety. However, when
movement is detected, the system increases the light intensity to ensure adequate visibility, improving public safety and reducing the
risk of accidents. The intelligent design of this loT-based system ensures that street lights are dynamic, automatically adjusting to
changes in the environment or human activity. This makes the system highly energy-efficient, as it ensures that lighting is only at
full capacity when necessary.
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During periods of low activity or during the daytime when sunlight is sufficient, the system reduces energy expenditure by dimming
or switching off the lights. This ability to adjust the lighting based on real-time conditions makes the system ideal for streetlights,
parking lots, or walkways, where lighting needs can vary throughout the day and night.

One of the major advantages of this system is its simplicity and cost-effectiveness. By using affordable and widely available
components such as the Arduino, LDR, and IR sensors, the system is able to provide modern, automated lighting solutions at a
relatively low cost. The use of these simple components makes the system accessible for implementation in a variety of settings,
from street lighting to public spaces like parking lots and walkways. This affordability, coupled with its energy-saving capabilities,
makes it an attractive solution for municipalities and organizations looking to enhance their lighting infrastructure while reducing
operational costs. Furthermore, this loT-based street lighting system aligns with the principles of smart cities and sustainable
development. By minimizing energy losses and implementing automatic controls, the system not only contributes to energy
conservation but also supports the broader goals of sustainable urban growth. With smart lighting systems like this, cities can
achieve greater levels of automation and efficiency, reducing the environmental impact of street lighting while improving the
quality of life for residents. This system represents a step forward in the evolution of urban infrastructure, where technology plays a
central role in driving energy efficiency and sustainability.

V. EVALUATION

The research on the loT-Based Automated Street Lighting System presents an effective solution to the limitations of traditional
street lighting by leveraging Arduino microcontroller technology, combined with Infrared (IR) and Light Dependent Resistor (LDR)
sensors. The system enhances energy efficiency by adjusting lighting based on movement and ambient light levels, thereby
minimizing unnecessary power consumption. The use of real-time sensor data acquisition through an loT platform, along with
decision-making logic programmed via Arduino IDE, demonstrates the system's practicality and adaptability for smart city
applications. The paper effectively highlights how automation can drive sustainability in urban environments by optimizing energy
use and improving lighting efficiency. However, further improvements could be made by addressing key technical aspects such as
performance testing under varying environmental conditions, detailed power consumption analysis, scalability challenges, and
security vulnerabilities within the 10T framework. Ultimately, the study underscores the potential of 10T-based solutions in modern
urban planning, providing a valuable framework for building more energy-efficient smart cities.

VI.RESULT

The loT-Based Automated Street Lighting System demonstrates the successful integration of Arduino microcontroller technology,
along with Infrared (IR) and Light Dependent Resistor (LDR) sensors, to efficiently control street lighting. The system effectively
adjusts street light operation based on both motion detection and ambient light conditions, ensuring that the lights are only turned on
when needed—specifically, during dark conditions and in the presence of motion. This responsive and energy-efficient design was
validated through sensor data acquisition, confirming the proper operation of the decision-making logic during hardware
implementation. As a result, the system proves to be highly effective in managing street lighting, optimizing energy conservation,
and contributing positively to the sustainability goals of urban areas. The system’s performance indicates a significant potential for
scalability, making it suitable for deployment in smart city environments where energy efficiency and automation are key priorities.
Given its success in energy management and its adaptability for broader applications, this system is a promising solution for modern
urban infrastructure, driving sustainable development in cities.

Fig.3: Dark and Motion Detected Fig.4: Bright or No Motion Detected
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VII. CONCLUSION

The "loT-Based Automatic Street Lighting System” is a highly cost-effective, practical, environmentally friendly, and energy-
efficient solution. The system provides real-time access to lighting information from anywhere, offering a reliable solution to two
major global challenges: energy conservation and the reduction of incandescent lamp waste. While the initial investment and
maintenance costs may pose challenges, advancements in technology and effective resource planning are expected to lower
production costs over time. Additionally, the use of high-quality equipment can minimize the need for frequent inspections and
maintenance. LED lights, which are integral to the system, offer several advantages: they have a long lifespan, emit cool light, are
non-toxic, and allow for quick replacements. These features enhance the overall efficiency and sustainability of the project, ensuring
that it can overcome current limitations. When considering the long-term benefits, the initial cost is offset by the short payback
period. This system is designed for a variety of applications, including parking lot lighting for businesses, schools, and retail spaces,
making it a versatile solution for both commercial and educational environments.
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