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ABSTRACT: Efficient energy management is a critical aspect of modern urban infrastructure, with street lighting
being a significant contributor to energy consumption. This paper proposes a Energy-Efficient Street Light Fault
Detection and Location Tracking, which not only addresses fault detection but also focuses on optimizing energy
consumption. The system incorporates [0oT sensors within street lights to monitor various parameters, including light
intensity, temperature, and current consumption. Through wireless connectivity, data is transmitted to a central control
unit for real-time analysis. In the event of faults such as burned-out bulbs or excessive energy usage, alerts are
triggered, and corrective actions are initiated automatically. One of the primary goals of the system is to reduce energy
wastage. By employing predictive analytics and historical data, the system can forecast potential faults and optimize
lighting schedules accordingly. Moreover, it dynamically adjusts light intensity based on ambient conditions, further
enhancing energy efficiency. Our Project results demonstrate the effectiveness of the proposed system in not only
detecting faults promptly but also in significantly reducing energy consumption compared to traditional systems. By
combining fault detection with energy optimization strategies, the system offers a comprehensive solution for
sustainable and cost-effective street lighting management in urban areas.

L. INTRODUCTION

Street lighting accounts for a large percentage of total energy consumption worldwide. Street lights are being used for
public and residential lighting and they vary in size and consumption depending on the purpose of
lighting. Considering the fact that a modern LED street light unit generally consumes about 80 Watts of power, this is a
domain that needs immediate attention in order to save energy and improve efficiency of street lights. Urban cities and
towns use fluorescent, CFL, high pressure sodium lamps, metal halide bulbs and lately LED lights. The street lighting
system is usually installed and maintained by the respective municipalities and most times; area-wise lighting needs are
not taken into consideration. As a matter of fact, the needs of pedestrians, vehicular traffic and road crossings must be
well studied before the installations since the lighting needs are different in different areas.

II. LITERATURE SURVEY

2.1 QI YUN AND CHUNLIN LENG (2020), “Intelligent Control of Urban Lighting System Based on Video
Image Processing Technology” Institute of Electrical and Electronics Engineers, vol.8, pp.506-518.

This article innovatively presents an improved video image processing technology based on Gaussian mixture
algorithm, which mainly describes the background of a specific scene in multi-dimensional model, so as to improve the
reliability of the whole scene judgment.

2.2 N. Sravani, Y. Latha, G. Nirmala (2021), “Street Light Controlling and Monitoring of Fault Detection using
LoRa” International Journal for Modern Trends in Science and Technology, vol.7(9), pp.242-245.

This paper presents using LoRa by Using LCD, LDR, Solar Panel, Think Speak and LoRa Module. This project
Enhancing Swiftly identifying faults is a critical task and Based on the characteristics of the application, this study
employs two separate model techniques.
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III. PROPOSED SYSTEM

The proposed system is implemented for controlling street lights and detecting faults in them through cloud storage.
The control and fault detection process are managed by the cloud storage system, which checks the condition of the
street lights and identifies any faults in the lamps. ON/OFF operation of the street lights is determined by the intensity
of light, which is monitored using a Light Dependent Resistor (LDR).

The LDR detects the ambient light condition, with darkness indicating the need for light and light indicating sufficient
ambient light. If the LDR detects light from the lamp, it is considered daytime, and the system allows the lamps to
remain off. Conversely, if the LDR detects darkness, indicating nighttime, the system permits the street lamps to be
switched on. The system analyzes the status of the street lamps, identifying any lamps that are not glowing due to
faults. When a fault is detected, a message is sent to the respective ward member or authorized person, including the
location information obtained from GPS, along with an alert notification using a buzzer.

The status of the system can be checked at any time and from anywhere using GSM technology, which sends data as
SMS to mobile phones and displays it on an LCD screen. The proposed system for controlling street lights and
detecting faults uses cloud storage for managing the process. Street lights are controlled and faults are detected based
on data stored in the cloud. The system uses a Light Dependent Resistor (LDR) to monitor light intensity, determining
whether street lights should be on or off.

One of the key components of the system is the cloud storage system, which manages the control and fault detection
process. It continuously checks the condition of the street lights and identifies any faults in the lamps, allowing for
quick response and resolution of issues. The system's operation is based on the intensity of light, monitored using a
Light Dependent Resistor (LDR). If the LDR detects light, the system keeps the lights off, assuming it is daytime.
Conversely, if the LDR detects darkness, indicating nighttime, the system switches the street lights on.

The system also checks the status of each street lamp, identifying any faults that prevent them from glowing. When a
fault is detected, the system sends a message to the relevant authority, including the location obtained from GPS, and
activates a buzzer for alerting purposes. The system's status can be monitored remotely using GSM technology, which
sends data as SMS to mobile phones and displays it on an LCD screen.
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Fizure 4.1. Block Diagram of Proposed System
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IV. WORKING

The energy-efficient street light fault detection and location tracking system using IoT operates by integrating smart
sensors, communication technology, and data analytics to enhance the efficiency and reliability of street lighting. The
system begins with sensors installed in street lights, collecting data on parameters such as light intensity, temperature,
and power consumption. This data is transmitted wirelessly to a central server or cloud-based platform using IoT
communication protocols. Once the data is received, the system processes and analyzes it to detect any anomalies or
faults in the street lights. This analysis includes comparing current data with historical patterns or predefined thresholds
to identify deviations.

When a fault is detected, such as a burnt-out bulb or wiring issue, the system classifies it based on severity and type.
Location tracking technologies, such as GPS, are used to pinpoint the exact location of the faulty street light. This
information is crucial for maintenance crews to quickly locate and address the issue. An alert is generated and sent to
maintenance teams or relevant authorities via email, SMS, or a dedicated dashboard. In some cases, the system may
trigger automated responses, such as adjusting nearby lights or scheduling maintenance tasks.

All data related to fault detection, location tracking, and response actions is logged for further analysis. This data helps
optimize maintenance schedules, improve energy efficiency, and enhance overall system performance. The system
continuously monitors street lights for faults and anomalies, using feedback to improve its fault detection algorithms
and overall efficiency over time.

Overall, the energy-efficient street light fault detection and location tracking system using IoT enhances the
management and performance of street lighting systems, leading to energy.

V. HARDWARE DESCRPTION

5.1 ARDUINO UNO

The Arduino Uno is a microcontroller board based on the ATmega328. It has 14 digital input/output pins (of which 6
can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP
header, and a reset button. It contains everything needed to support the microcontroller; simply connect it to a computer
with a USB cable or power it with an AC-to- DC adapter or battery to get started.Instead, it features the Atmega8U2
programmed as a USB-to-serial converter. "Uno" means one in Italian and is named to mark the upcoming release of
Arduino 1.0. The Uno and version 1.0 will be the reference versions of Arduino, moving forward.
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FIGURE.NO.5.1. ARDUINO UNO
5.2 L.293D Motor Driver IC
L293D H-bridge driver is the most commonly used driver for Bidirectional motor driving applications. This L293D
IC allows DC motor to drive on either direction. L293D is a 16-pin IC which can control a set of two DC motors
simultaneously in any direction.
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Figure 5.2. L293D Motor Driver IC

It means that you can control two DC motor with a single L293D IC. Because it has two H-Bridge Circuit inside. The
L293D can drive small and quiet big motors as well. There are various ways of making H-bridge motor control circuit
such as using transistor, relays and using L293D/L298. Before going into detail, first we will see what is H-Bridge
circuit.

5.3 GSM MODEM

A GSM (Global System for Mobile Communications) modem can be used for communication purposes. The GSM
modem allows the system to send and receive data over the cellular network, enabling remote monitoring and control of
the street lights.

The GSM modem can be used to send notifications and alerts to maintenance personnel or authorities in case of faults
or issues with the street lights. This allows for quick response and resolution of problems, ensuring that the street
lighting system operates smoothly. Global system for mobile communication (GSM) is a globally accepted standard for
digital cellular communication.
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Figure 5.3. Circuit Diagram of GSM Modem

GSM is the name of a standardization group established in 1982 to create a common European mobile telephone
standard that would formulate specifications for a pan-European mobile cellular radio system operating at 900 MHz.

VI. SOFTWARE DESCRIPTION
6.1 EMBEDDED C
Embedded C is a set of language extensions for the C Programming language by the C Standards committee to address
commonality issues that exist between C extensions for different embedded systems. Historically, embedded C

programming requires nonstandard extensions to the C language in order to support exotic features such as fixed-point
arithmetic, multiple distinct memory banks, and basic I/O operations.
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6.2 EMBEDDED SYSTEMS PROGRAMMING

Embedded systems programming is different from developing applications on a desktop computer. Key characteristics

of an embedded system, when compared to PCs, are as follows:

e Embedded devices have resource constraints (limited ROM, limited RAM, limited stack space, less processing
power)

e Components used in embedded system and PCs are different; embedded systems typically use smaller, less power
consuming components. Embedded systems are more tied to the hardware.

Two salient features of Embedded Programming are code speed and code size. Code speed is governed by the
processing power, timing constraints, whereas code size is governed by available program memory and use of
programming language. Goal of embedded system programming is to get maximum features in minimum space and
minimum time.

Embedded systems are programmed using different type of languages:
e  Machine Code

e Low level language, i.e., assembly

e High level language like C, C++, Java, Ada, etc.

e Application-level language like Visual Basic, scripts, Access, etc.

6.3 ARDUINO SOFTWARE (IDE)

The Arduino Integrated Development Environment - or Arduino Software (IDE) - contains a text editor for writing
code, a message area, a text console, a toolbar with buttons for common functions and a series of menus. It connects to
the Arduino and Genuine hardware to upload programs and communicate with them.

VII. RESULT

The implementation of an automated street light system with fault detection and location tracking has yielded several
significant outcomes. The system's ability to adjust street light brightness based on environmental factors and traffic
density has led to a noticeable reduction in energy consumption. This optimization not only saves costs but also
contributes to environmental sustainability by reducing carbon emissions. The integration of fault detection
mechanisms has ensured prompt identification and resolution of issues such as bulb failures or electrical faults. This
proactive approach has minimized periods of darkness in public areas, enhancing safety and security for pedestrians
and drivers alike. Location tracking functionality has streamlined maintenance operations by providing precise
information on the whereabouts of faulty street lights. Maintenance crews can now respond swiftly to reported issues,
minimizing downtime and ensuring uninterrupted service. The centralized control system allows for real-time remote
monitoring of street light status, enabling administrators and maintenance personnel to stay informed and take timely
actions as needed. This remote monitoring capability has improved operational efficiency and system reliability.

Figure 7.1. Project Set-up

VIII. CONCLUSION

In Conclusion, implementing energy-efficient street lights presents a compelling solution to reduce energy consumption
and lower costs. By adopting LED technology or other sustainable alternatives, cities can illuminate streets effectively
while minimizing environmental impact. This transition not only enhances visibility and safety but also contributes to
long-term sustainability goals, making it a prudent investment for municipalities worldwide. By leveraging IoT sensors
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and data analytics, this system efficiently manages street lighting, reducing energy consumption and costs while
enhancing safety and security. Real-time monitoring and adaptive control ensure optimal lighting conditions based on
traffic patterns and environmental factors. Moreover, the scalability and remote management capabilities of [oT enable
seamless integration with smart city initiatives, paving the way for a more sustainable and connected
urban environment. Our project ensures timely repairs of faulty lights, promoting safer roads and minimizing energy
wastage, but also elevates the overall functionality and aesthetic appeal of urban areas.

IX. FUTURE SCOPE

The future scope for smart street light fault detection and location tracking systems is poised for significant
advancements, driven by emerging technologies and the growing demand for sustainable and efficient urban
infrastructure. One key area of development is the integration of advanced fault detection algorithms, leveraging
machine learning and Al to enhance fault detection accuracy and speed. Predictive maintenance capabilities are also
expected to improve, enabling proactive scheduling of maintenance based on predicted failures, thereby reducing
downtime and costs. The integration with smart grids will enable street lights to adjust their brightness levels based on
overall grid load, further optimizing energy consumption. The future also holds potential for user-friendly interfaces
and interoperability standards, making it easier to integrate smart street light systems with other smart city initiatives.
The future of smart street light fault detection and location tracking systems is likely to be characterized by increased
efficiency, sustainability and seamless integration with smart city infrastructure.
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