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Abstract: In the era of smart cities, efficient management of public infrastructure is paramount. Street lighting is a fundamental 
component of urban infrastructure, ensuring safety and security for citizens. However, the conventional methods of monitoring 
street lights are often inefficient and labor-intensive, leading to delayed detection and resolution of faults. This paper proposes a 
novel approach for street light fault detection and location tracking leveraging advanced technologies such as Internet of Things 
(IoT), machine learning, and geographic information systems (GIS). The proposed system consists of a network of IoT-enabled 
sensors installed on street lights, capable of monitoring various parameters such as luminosity, power consumption, and 
operational status in real-time, voltage drop, current loss. Through machine learning algorithms, the system intelligently 
analyzes the sensor data to detect anomalies and potential faults in the street lights. Upon detection of a fault, the system employs 
location tracking techniques, to precisely pinpoint the faulty street light's location 
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I. INTRODUCTION 
Train travel is well-known for its comfort and efficiency, but ensuring safety inside railway networks remains critical, particularly in 
heavily populated areas like India. The Indian Railways, with its large network, has several safety concerns, including fire incidents 
and ageing infrastructure. To address these issues, there is an increased interest in using IoT technology to automate safety 
activities. This study presents an Internet of Things-based approach that uses infrared sensors to detect collisions and automate 
railway barrier functioning. This study attempts to improve railway safety through creative technical developments by investigating 
the historical background and particular problems encountered by Indian Railways. 
 

II. LITERATURE REVIEW 
In the wake of rapid urbanization and the burgeoning adoption of smart city technologies, the efficient management of public 
infrastructure has emerged as a critical priority for municipal authorities worldwide. Among the key components of urban 
infrastructure, street lighting plays a pivotal role in ensuring safety, security, and enhanced livability for residents and visitors alike. 
However, the conventional methods of monitoring and maintaining street lights often suffer from inefficiencies, leading to delayed 
detection and resolution of faults, which can result in increased energy consumption, safety hazards, and unnecessary expenditure. 
To address these challenges, there is a pressing need for innovative solutions that leverage cutting-edge technologies to streamline 
the monitoring and maintenance processes of street lighting infrastructure. In this context, the integration of Internet of Things (IoT) 
technologies holds immense promise, offering a scalable and cost-effective means of real-time monitoring, data analytics, and 
proactive management of street lights. 
This paper focuses on the development and implementation of a comprehensive system for street light fault detection and location 
tracking utilizing IoT technology. By deploying a network of IoT-enabled sensors on street lights, we aim to harness the power of 
data-driven insights and automation to revolutionize the way street lighting infrastructure is managed and maintained. 
The primary objective of this research is to design a robust and scalable solution that can accurately detect various types of faults in 
street lights, ranging from bulb failures and power outages to wiring issues and physical damage. Furthermore, the system aims to 
provide precise location tracking capabilities, enabling municipal authorities to swiftly identify the exact location of faulty street 
lights for prompt remediation. 
Through the integration of advanced sensor technologies, wireless communication protocols, and cloud-based analytics platforms, 
our proposed system offers a proactive approach to street light management, facilitating early detection of faults and minimizing 
downtime. By leveraging real-time data insights, city authorities can optimize maintenance schedules, allocate resources more 
efficiently, and enhance the overall reliability and performance of the street lighting infrastructure. 
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In the subsequent sections of this paper, we will delve into the technical details of our proposed solution, including the architecture, 
sensor deployment strategies, data analytics algorithms, and visualization tools. Additionally, we will discuss the potential benefits 
of our approach, such as reduced maintenance costs, improved energy efficiency, and enhanced safety for urban communities. 
Overall, we believe that the integration of IoT technologies for street light fault detection and location tracking represents a 
significant step towards building smarter, more sustainable cities, where infrastructure is not only intelligent but also responsive to 
the needs of citizens and the environment. 
 

III. METHODOLOGY 
A. System Architecture Design 
1) Define the overall architecture of the system, including hardware components (IoT sensors, microcontrollers, gateways), 

communication protocols (such as MQTT, LoRaWAN, or cellular), and software components (data processing algorithms, 
cloud services). 

2) Determine the deployment strategy for IoT sensors on street lights, considering factors such as coverage area, sensor placement, 
and power source. 

 
B. Sensor Selection and Deployment 
1) Select appropriate sensors capable of measuring relevant parameters for fault detection, such as luminosity, power 

consumption, temperature, and motion. 
2) Install IoT sensors on street lights according to the predetermined deployment strategy, ensuring proper alignment and 

connectivity. 
 

C. Data Acquisition and Transmission 
1) Develop firmware for IoT devices to collect sensor data at regular intervals. 
2) Implement data transmission protocols to securely transmit sensor data to the cloud or a centralized server for further analysis. 

 
D. Data Preprocessing and Filtering 
1) Preprocess raw sensor data to remove noise and outliers using techniques such as smoothing filters and outlier detection 

algorithms. 
2) Aggregate sensor data over time intervals to reduce data volume and optimize storage and processing resources. 

 
E. Fault Detection Algorithms 
1) Develop machine learning or statistical algorithms to analyze sensor data and detect anomalies indicative of street light faults. 
2) Train and fine-tune the fault detection models using labeled datasets containing examples of normal and faulty operating 

conditions. 
3) Implement threshold-based rules or anomaly detection techniques to trigger alerts when deviations from expected behavior are 

detected. 
 

F. Location Tracking and Mapping 
1) Incorporate GPS modules or triangulation algorithms to determine the geographic coordinates of each street light. 
2) Integrate geographical information systems (GIS) to map the locations of street lights and visualize fault information in a 

spatial context. 
3) Develop algorithms to correlate fault data with street light locations and accurately pinpoint the geographic coordinates of 

faulty street lights. 
 

G. Alert Generation and Notification 
1) Implement a notification system to generate alerts when street light faults are detected, including details such as the type of 

fault, severity level, and location. 
2) Configure alert delivery mechanisms, such as email notifications, SMS messages, or mobile app notifications, to notify relevant 

stakeholders, such as maintenance crews or city authorities. 
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H. System Evaluation and Testing 
1) Conduct rigorous testing and validation of the system under various operating conditions, including different weather 

conditions, traffic patterns, and environmental factors. 
2) Evaluate the accuracy, reliability, and efficiency of fault detection and location tracking algorithms through real-world 

deployments and simulation studies. 
3) Collect feedback from end-users and stakeholders to identify areas for improvement and optimization 
 

IV. CIRCUIT DIAGRAM AND WORKING 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure1. Circuit Diagram 
     
A. Parts Employed 
1) GSM Module: Stands for Global System for Mobile Communication. GSM is an open and digital cellular technology used for 

mobile communication 
2) LDR Sensor: An LDR (Light-Dependent Resistor) sensor, also known as a photoresistor, is a commonly used component in 

IoT-based streetlight fault detection systems. These sensors are used to detect changes in light levels and can be integrated into 
such systems to monitor and detect various conditions related to street lighting. Here is some information about LDR sensors in 
the context of IoT-based streetlight fault detection 

3) Voltage Sensor: Voltage sensors are essential components in street light fault detection systems. They are used to monitor the 
electrical voltage supplied to streetlights and can play a critical role in identifying faults, malfunctions, and electrical 
irregularities in the lighting infrastructure.   

4) Power Supply 12V 2AMP: IoT devices, including microcontrollers (e.g., ESP32,GSM Module), sensors, and communication 
modules, typically require a stable and regulated power supply. A 12V, 2A power supply can provide up to 24 watts of power, 
which is often sufficient for many IoT applications.  Temperature Sensor (LM35): This device senses unusual temperature 
increases and flags possible fire breakouts. 

5) Relay Model: Relays are commonly used in street light fault detection systems  to control the power supply to streetlights, 
perform remote switching, and isolate faulty lights. 

 
V. FLOW CHART 

1) Initialization: The system starts with the initialization phase where all components are initialized, and the sensors are activated. 
2) Data Collection: IoT sensors collect data from street lights, including parameters like luminosity, power consumption, and 

operational status. 
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3) Data Transmission: Collected data is transmitted to the cloud or centralized server via wireless communication protocols like 
GSM module 

4) Data Preprocessing: Raw sensor data is preprocessed to remove noise and outliers using filtering techniques. Data may also be 
aggregated over time intervals to reduce volume and optimize storage. 

5) Fault Detection: Preprocessed data is analyzed using fault detection algorithms to identify anomalies indicative of street light 
faults. Machine learning or statistical models may be employed to detect deviations from normal operating conditions. 

6) Location Tracking: GPS modules or triangulation algorithms are utilized to determine the geographic coordinates of each street 
light. GIS mapping is used to correlate fault data with street light locations and pinpoint the geographic coordinates of    faulty 
street lights. 

7) Alert Generation: When a fault is detected, an alert is generated indicating the type of fault, severity level, and location of the 
faulty street light. 

8) Notification: Alerts are delivered to relevant stakeholders, such as maintenance crews or city authorities, via email, SMS, or 
mobile app notifications. 

9) Maintenance Action: Maintenance crews receive the alert and take necessary actions to rectify the fault, such as replacing 
bulbs, repairing wiring, or addressing electrical issues. 

10) Feedback Loop: The system continuously collects feedback from maintenance actions and updates its fault detection algorithms 
to improve accuracy and efficiency over time. 

11) End: The process continues to run, ensuring continuous monitoring and maintenance of street lights to enhance safety and 
efficiency in urban environments. 

 
VI. RESULTS 

 

 
                                               Figure 1.Hardware photo 

 Figure . Live Image 
 

  
Figure.Implementation photo 
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In this the image if vehicle moved passed the IR sensor which is installed to detect the vehicles. After the vehicle is sensed the lights 
are switched on by the relay. After the specific time delay(which we have set to 6sec) the lights will go off.    

 
Figure.Implementation photo 

 
In this the first lamp is faulty so it is not switched on after the vehicle passed.  
The LED under the that lamp is on which is installed to detect the fault. After that the message will be sent to the server and further 
action   

 
Figure.characterstics of fault detection 

 
VII. ADVANTAGES 

1) Early Fault Detection: IoT sensors enable real-time monitoring of street lights, allowing for early detection of faults such as 
bulb failures, power outages, or wiring issues. This proactive approach helps minimize downtime and ensures timely 
maintenance interventions. 

2) Improved Maintenance Efficiency: By precisely pinpointing the location of faulty street lights, maintenance crews can 
efficiently prioritize their activities and deploy resources more effectively. This reduces response times and enhances overall 
maintenance efficiency. 

3) Reduced Operational Costs: IoT-based fault detection and location tracking minimize the need for manual inspection and 
troubleshooting, resulting in lower operational costs associated with maintenance personnel, vehicle usage, and administrative 
overheads. 

4) Enhanced Energy Efficiency: Timely detection and repair of faulty street lights prevent energy wastage associated with   
malfunctioning or non-operational fixtures. This contributes to overall energy conservation efforts and reduces the 
environmental impact of street lighting infrastructure. 
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5) Enhanced Public Safety: Ensuring that street lights are operational and well-maintained enhances visibility and safety for 
pedestrians, cyclists, and motorists, particularly during nighttime hours. By promptly addressing faults, the system helps 
mitigate safety hazards and improve overall urban security. 

6) Scalability and Flexibility: IoT-based solutions are highly scalable and adaptable to diverse urban environments. They can be 
deployed incrementally, allowing municipalities to start with pilot projects and gradually expand coverage as needed. 
Additionally, the system can accommodate future technological advancements and integration with other smart city initiatives. 

7) Enhanced Citizen Satisfaction: Reliable street lighting enhances the overall quality of life for residents and visitors by fostering 
a sense of security and well-being. By ensuring that street lights are consistently operational and well-maintained, 
municipalities can improve citizen satisfaction and promote a positive perception of urban governance. 

8) Compliance and Accountability: IoT-based monitoring provides municipalities with detailed records of street light performance 
and maintenance activities. This facilitates compliance with regulatory requirements and enables authorities to demonstrate 
accountability in managing public infrastructure assets. 

9) Contribution to Smart City Initiatives: Implementing IoT-enabled street light fault detection and location tracking aligns with 
the objectives of smart city initiatives aimed at leveraging technology to enhance urban livability, sustainability, and resilience. 
It positions municipalities as leaders in adopting innovative solutions for efficient infrastructure management. 

 
VIII. FUTURE EXTENSION 

Future extensions for Street Light Fault Detection and Location Tracking using IoT involve enhancing predictive maintenance 
capabilities, integrating sustainable energy sources like energy harvesting, and developing self-healing networks for continuous 
operation. Additionally, there's potential for integrating environmental monitoring sensors, traffic management systems, and mobile 
app interfaces for citizen engagement. Smart grid integration can optimize energy usage, while advanced data analytics and 
visualization tools enable better decision-making. Autonomous maintenance vehicles could automate repair tasks, and integration 
with emergency response systems could prioritize maintenance during crises. These extensions aim to create a more intelligent, 
adaptive, and integrated system that contributes to safer, more sustainable, and resilient cities 
 

IX. CONCLUSION 
In conclusion, the implementation of Street Light Fault Detection and Location Tracking using IoT represents a significant 
advancement in urban infrastructure management. By harnessing the power of IoT sensors, data analytics, and automation, this 
system offers proactive monitoring, early fault detection, and precise location tracking for street lights. The advantages of such a 
system include improved maintenance efficiency, reduced operational costs, enhanced energy efficiency, and enhanced public 
safety. Moreover, future extensions such as predictive maintenance, energy harvesting, and integration with other urban systems 
hold promise for further enhancing the system's capabilities. Overall, Street Light Fault Detection and Location Tracking using IoT 
not only contributes to the creation of smarter and more sustainable cities but also fosters a safer and more efficient urban 
environment for residents and visitors alike. 
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