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Abstract -

The Streetlight Controller and Management System (SCMS) is an innovative solution designed to optimize energy
consumption in urban lighting infrastructure. Utilizing sensors such as LDR, Relay Module, Power Adapter, Atmega
Controller, and Piezoelectric sensor, the system collects real-time data and connects to a microcontroller for centralized
operation. Key functionalities include automatic regulation of streetlight intensity based on environmental light conditions
and automated switching of lights on/off according to daylight availability. This approach minimizes energy waste,
ensures consistent illumination, and simplifies fault detection, thereby addressing the critical need for sustainable and
efficient urban street lighting solutions.
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1. INTRODUCTION

Streetlights have long been an integral part of urban infrastructure, ensuring safety and convenience by illuminating streets
and public spaces. However, traditional systems in countries like India often rely on manual operations, leading to
inefficiencies such as excessive energy consumption. For instance, many Indian cities face challenges where streetlights
remain unnecessarily switched on during daylight hours, wasting a significant amount of electricity. With urbanization on
the rise, addressing these inefficiencies has become crucial for achieving sustainable and smart urban development.

The Streetlight Controller and Management System (SCMS) is an advanced solution designed to overcome the limitations
of conventional streetlight systems by integrating sensor-based automation. This system employs hardware components
like Atmega controllers and LDR sensors to detect ambient light and regulate the operation of streetlights using relay
modules. The setup operates in real-time using sensor inputs to determine the status of lighting.

By implementing SCMS, urban areas in India can achieve substantial energy savings and reduce maintenance through
automated lighting. This project supports India's smart infrastructure goals by offering a low-cost, efficient, and
sustainable method to enhance urban and rural lighting systems.

2. RELATED WORK

The literature on smart lighting systems highlights various strategies to enhance energy efficiency using basic electronic
components. Among these, the use of light-sensitive sensors and switching mechanisms has been a consistent and effective
approach. In [1], researchers implemented a system using LDR sensors combined with microcontroller logic to automate
streetlight switching. This study validated how light-based triggers could efficiently handle day-night cycles, reducing
energy wastage. Similarly, [2] proposed a relay-based switching circuit that worked in conjunction with light sensors,
demonstrating the advantages of relay modules in achieving a cost-effective and dependable automation mechanism.
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Further, [3] examined how replacing manual switching with automated circuits could significantly cut down unnecessary
power usage. The project utilized a combination of simple electronics like resistors, transistors, and relays to mimic smart
control without requiring any remote connectivity. It emphasized the system’s applicability in rural and semi-urban areas.
A study in [4] explored microcontroller-based switching that used an LDR to detect the intensity of light and control
lighting equipment accordingly. The simplicity of the setup allowed flexible deployment in a variety of infrastructures,
making it an ideal reference for scalable implementations. Additionally, [5] focused on hardware-level energy
conservation techniques using sensor input and electrical switching without internet dependencies. It showcased relay-
controlled lights as a dependable substitute for smart city-level communication-heavy systems. Lastly, the paper in [6]
introduced improvements in power regulation by refining the circuit efficiency through consistent voltage regulation via
adaptors. This ensured continuous operation without fluctuation-related interruptions, which aligns well with the
objectives of SCMS.

Our approach integrates these core principles by using LDR sensors for ambient detection, relay modules for efficient
switching, and a stable adapter to ensure consistent power. The system prioritizes affordability, simplicity, and
adaptability, especially suited to the infrastructure conditions prevalent in many Indian urban and semi-urban regions.

3. PROPOSED SYSTEM

In this section, the Streetlight Controller and Management System (SCMS) is introduced as a cost-effective and intelligent
hardware-based system designed to improve streetlight operation. The system's core objective is to enhance energy
efficiency, reduce operational wastage, and promote sustainable lighting practices in urban and rural areas without relying
on internet connectivity or loT platforms. SCMS leverages the use of a Light Dependent Resistor (LDR) sensor, a relay
module, a DC adapter to automate the process of switching streetlights on and off based on ambient light conditions. This
entirely offline setup ensures independence from centralized platforms and internet-based controls, making it ideal for
low-infrastructure environments.

- Atmega Microcontroller: Processes sensor input  and activates/deactivates the relay.
- Power Adapter: Provides consistent power supply.

Operational Flow: The LDR measures light, and the microcontroller decides whether to activate the relay. The relay
switches the streetlight ON or OFF accordingly. This process loops continuously ensuring autonomous day-night
operation.

4. RESEARCH GAP

While many studies have explored the use of LDR sensors for basic light-based automation, limited research focuses
exclusively on low-cost, offline systems that utilize LDRs with relay modules for stand-alone functionality without relying
on wireless communication or internet connectivity. Several papers highlight energy-efficient techniques for smart
lighting, but most involve cloud platforms or centralized monitoring, which increase complexity and cost. Our system
eliminates the need for such infrastructure, making it ideal for rural or low-resource environments. Existing solutions
often integrate additional sensors like IR or weather modules for adaptive lighting based on traffic or climate. However,
this increases cost and power consumption. The SCMS prioritizes simplicity by depending solely on light-based
automation, offering a more reliable and sustainable design. A majority of smart lighting frameworks are targeted toward
urban areas in developed countries and assume high initial investment capabilities. In contrast, the SCMS is specifically
designed to be scalable and affordable for implementation in regions with limited financial or technological resources,
such as semi-urban and rural areas of India.

5. RESULTS AND CONCLUSION

The Streetlight Controller and Management System (SCMS) effectively reduces energy consumption by automatically

controlling streetlights based solely on ambient light conditions. The integration of LDR sensors with relay modules
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ensures efficient operation, with lights turning off during the day and on during nighttime. The system operates
independently without real-time traffic input or internet connectivity, minimizing complexity and cost. The SCMS offers
a reliable, energy-saving solution for streetlight automation. By using basic electronic components instead of advanced
IoT platforms, it optimizes power usage, lowers operational expenses, and ensures dependable lighting control—

supporting the development of smarter, more sustainable urban and rural environments.
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