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SMART STREET LIGHTING: AI-DRIVEN PREDICTIVE 

MAINTENANCE FOR SAFER AND SUSTAINABLE CITIES 

1Department of Electronics and Communication Engineering 

Street lighting is essential for urban safety and security, but traditional maintenance methods often fall 

short due to their reactive nature, relying on periodic inspections and manual interventions. These 

outdated approaches lead to inefficiencies, higher costs, and delays in addressing outages, ultimately 

compromising public safety. A more proactive, data-driven solution is needed to enhance operational 

efficiency, reduce maintenance costs, and improve service reliability. Predictive analytics, powered by 

data analytics and machine learning, offers a smarter way to manage street lighting by anticipating 

faults, optimizing energy use, and enabling timely maintenance. Without real-time monitoring and 

predictive capabilities, cities face challenges such as inefficient resource allocation, increased energy 

consumption, safety risks, and unexpected service disruptions. The proposed solution involves 

integrating IoT sensors for real-time data collection, analyzing environmental factors, and using 

machine learning models for fault detection and prediction. A decision support system will help 

automate maintenance decisions, ensuring issues are addressed before they escalate. This predictive 

framework not only reduces operational costs but also promotes energy efficiency and sustainability, 

fostering a resilient urban lighting infrastructure. By shifting from reactive to predictive maintenance, 

cities can create safer, smarter, and more sustainable public spaces, improving the overall quality of 

urban life. 
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1. INTRODUCTION 

Street lighting is an indispensable element of urban infrastructure, playing a vital role in ensuring 

public safety, mobility, and quality of life during nighttime hours. In India, with over 21.7 million 

streetlights as of 2021, the maintenance and management of these systems remain a significant 

challenge due to aging infrastructure, resource constraints, and the limitations of traditional methods. 

Historically, street light operations have relied on reactive maintenance strategies and periodic manual 

inspections, which are not only time-consuming but also prone to inefficiencies. These conventional 

approaches often result in delayed fault detection, increased operational costs, resource misallocation, 

and excessive energy wastage. The lack of timely repairs poses safety risks, compromises public 

confidence in urban infrastructure, and disrupts essential services. As urbanization accelerates and 

smart city initiatives take root, the need for innovative and efficient street light management systems 

becomes increasingly critical. Modern advancements in Internet of Things (IoT) technology and 

machine learning provide a transformative solution to these challenges, enabling real-time monitoring, 

fault prediction, and proactive maintenance. The motivation for this research is grounded in 

addressing the pressing inefficiencies of traditional maintenance systems. Predictive analytics offers 

the ability to anticipate potential faults, optimize energy consumption, and streamline maintenance 

processes, significantly enhancing the sustainability and reliability of urban lighting systems. In the 
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context of India’s rapid urbanization, integrating machine learning into street light management 

systems is not just a technological upgrade but a necessity for ensuring safer, more energy-efficient, 

and cost-effective operations. Current systems, which rely heavily on manual inspections and fixed 

maintenance schedules, are ill-equipped to address the dynamic challenges of modern urban 

environments. These systems suffer from high downtime, increased energy consumption, and 

operational inefficiencies, making them unsuitable for the demands of expanding cities and their 

infrastructure. The proposed system leverages IoT-enabled sensors and advanced machine learning 

algorithms to create a predictive analysis framework for street light operations. By employing 

supervised learning techniques such as Random Forest and Decision Trees, alongside unsupervised 

methods like anomaly detection, the system identifies potential faults, optimizes energy usage, and 

provides actionable insights for timely maintenance. These models analyze real-time data collected 

from sensors to predict failures before they occur, enabling proactive interventions and reducing 

overall operational costs. Research studies and successful implementations of similar systems in smart 

city papers globally have demonstrated the efficacy of machine learning-driven predictive systems in 

enhancing infrastructure reliability, minimizing energy wastage, and improving service quality. This 

paper aligns with these findings, aiming to create a robust and scalable solution tailored to the specific 

needs of urban lighting in India. The real-time need for such a system is evident in the rapidly 

growing urban landscapes of India. Reactive maintenance approaches are insufficient to handle the 

complexities of modern cities, where unexpected outages and delays in repairs can have widespread 

implications for public safety and resource efficiency. A predictive maintenance system offers the 

capability to monitor and diagnose faults in real-time, ensuring uninterrupted service and optimal 

utilization of resources. This is especially critical in the context of India’s smart city initiatives, which 

emphasize sustainability, energy conservation, and improved public services. By integrating 

predictive analytics into street light management, cities can address the twin challenges of energy 

efficiency and operational reliability, fostering sustainable urban growth and enhancing the quality of 

life for residents. The applications of this paper are extensive and multifaceted. In smart city 

development, predictive street light management systems play a crucial role in optimizing energy 

consumption, reducing carbon footprints, and enhancing urban safety. The system’s ability to detect 

faults proactively ensures safer streets for pedestrians and motorists while minimizing downtime. In 

traffic management, intelligent street lighting can adapt to changing traffic conditions, improving 

visibility and reducing accident risks. Additionally, the paper supports environmental sustainability by 

minimizing energy wastage and reducing greenhouse gas emissions. Policymakers and urban planners 

can leverage the system’s insights to make data-driven decisions, allocate resources efficiently, and 

design resilient and sustainable urban lighting infrastructure. Furthermore, the system serves as a 

model for integrating advanced technologies into essential public services, demonstrating the potential 

of IoT and machine learning to transform urban infrastructure. 

2. LITERATURE SURVEY 

In [1] This paper  presents  a Smart  Street  Lighting System  (SSLS)  leveraging Internet  of 

Things(IoT) technology  for enhanced  efficiency  and  control.  The  proposed  system  integrates  

IoT  devices  equipped  with sensors  and communication modules to monitor ambient light levels 

and control street lights dynamically. Through real-time data collection and analysis, the system 

autonomously adjusts lighting levels based on environmental conditions, thereby optimizing  

energy  usage and  ensuring adequate  illumination.  Furthermore, the  SSLS offers remote  

monitoring and management capabilities, enabling authorities to respond promptly to faults and 
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performance issues, thus improving  overall operational efficiency and sustainability of urban 

lighting infrastructure. In [2] This paper presents the design and implementation of a Smart Street 

Lighting System (SSLS) utilizing Internet of Things  (IoT)  technology.  The  SSLS  employs  a  

network  of  IoT  devices  comprising  sensors, microcontrollers,  and communication modules  to 

monitor  ambient conditions and  control  street lights efficiently. Through  real-time  data 

acquisition and analysis, the system autonomously adjusts lighting levels based on factors such as 

natural light intensity and  pedestrian  activity.  Additionally,  the  SSLS  offers  remote  monitoring  

and  management capabilities  via  IoT connectivity, allowing stakeholders to monitor system 

status, receive alerts, and perform diagnostics from anywhere with  internet  access. The  

implementation  demonstrates  the  potential  of  IoT-enabled  solutions to enhance  energy 

efficiency, reduce maintenance costs, and improve overall reliability of urban lighting 

infrastructure.  In  [3]  This  paper  presents  an  Internet  of  Things  (IoT)  based  smart  street  

lighting  system (SSLS)  utilizing  Light Dependent Resistor (LDR) sensors for efficient control and 

management. The SSLS employs LDR sensors to monitor ambient light levels and adjust street 

light intensity accordingly, ensuring optimal illumination while minimizing energy consumption. 

Through IoT  connectivity,  the system  enables  real-time monitoring and remote management of  

street lights,  allowing  authorities  to  monitor  system  status,  receive  alerts,  and  conduct  

diagnostics  remotely.  The implementation  demonstrates  the  feasibility  and  effectiveness  of  

LDR-based  SSLS  in  improving energy  efficiency, reducing maintenance costs, and enhancing 

overall reliability of urban lighting infrastructure. In  [4]  This  paper  presents  the  design  and  

implementation  of an  IoT-based  street  lighting  system  (SLS)  aimed  at improving efficiency and 

reliability of urban lighting infrastructure. The SLS utilizes IoT devices equipped with sensors, 

microcontrollers, and  communication modules  to monitor  ambient conditions and  control  

street lights  dynamically. Through real-time data collection and analysis, the system 

autonomously adjusts lighting levels based on factors such as natural light intensity, traffic 

patterns, and weather conditions. Additionally, the SLS offers remote monitoring and 

management capabilities via IoT connectivity, enabling authorities to monitor system 

performance, receive alerts, and conduct diagnostics  remotely. The  implementation 

demonstrates  the potential  of IoT-enabled  solutions to  enhance energy efficiency, reduce 

maintenance costs, and improve overall reliability of urban lighting infrastructure.  In [5]  This 

paper presents  a Smart  Street  Lighting System  (SSLS)  based on  Internet of  Things (IoT) 

technology  for efficient  control  and  management  of  urban  lighting  infrastructure.  The  SSLS  

employs  a  network of  IoT  devices comprising sensors, microcontrollers,  and  communication 

modules  to monitor  ambient  conditions and  adjust  street light intensity dynamically. Through 

real-time data acquisition and analysis, the system autonomously adjusts lighting levels based on 

factors such as natural light intensity, pedestrian activity, and vehicular traffic. Additionally, the 

SSLS offers remote monitoring  and  management capabilities via IoT connectivity,  enabling  

authorities to  monitor system status, receive alerts, and conduct diagnostics remotely. The 

implementation demonstrates the potential of IoT-enabled solutions  to enhance  energy  

efficiency,  reduce  maintenance  costs, and  improve overall  reliability of  urban  lighting 

infrastructure.  
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In [6]  This  paper presents a  comprehensive study  on the implementation  of a  Smart Street 

Lighting  System (SSLS) leveraging  Internet  of  Things  (IoT)  technology.  The  SSLS  utilizes  a  

network  of  IoT  devices  comprising  sensors, microcontrollers, and communication  modules to  

monitor ambient  conditions and  control street  lights dynamically. Through real-time data 

acquisition and analysis, the system autonomously adjusts lighting levels based on factors such as 

natural light intensity, pedestrian activity, and vehicular traffic. Additionally, the SSLS offers 

remote monitoring and management capabilities via IoT connectivity, enabling authorities to 

monitor system status, receive alerts, and conduct diagnostics  remotely.  The  implementation  

demonstrates  the potential  of  IoT-enabled  solutions to enhance  energy efficiency, reduce 

maintenance costs, and improve overall reliability of urban lighting infrastructure. In [7] This 

paper proposes  a novel  multi-sensor-based Street  Lighting Fault Detection  System (SLFDS)  

designed  to enhance the reliability and efficiency of urban lighting infrastructure in smart  city  

applications.  The SLFDS utilizes a combination  of  sensors,  including  light  sensors,  motion  

sensors,  and  temperature  sensors,  to  monitor  various parameters  related  to street  light 

operation.  Through real-time data analysis and  machine  learning algorithms,  the system detects  

anomalies or malfunctions  in the  street lighting system,  such as  burnt-out  bulbs, faulty 

circuitry,  or abnormal lighting patterns.  Additionally, the SLFDS offers remote monitoring and 

management capabilities, enabling authorities to receive alerts,  diagnose  issues,  and  initiate  

corrective  actions  promptly.  The implementation demonstrates the potential of multi-sensor-

based approaches to improve fault detection, reduce maintenance costs, and enhance overall 

reliability of urban lighting infrastructure in smart city environments. Hussain, Z., & Hussain, I. 

(2021). [8] Smart Street Light System using IoT and GSM. International Journal of Innovative 

Research in Science, Engineering and Technology, 10(8), 18171-18178. This journal article explores 

the integration of IoT and GSM technologies for smart street lighting systems, with a focus on 

automatic fault detection and its benefits. 

Shanthini, S., & Kanmani, S. (2019).[9] IoT Based Street Light Management System. In 2019 

International Conference on Communication and Signal Processing (ICCSP) (pp. 0158-0163). IEEE. 

This conference paper discusses the implementation of IoT in street light management systems, 

highlighting the advantages of automatic fault detection in ensuring uninterrupted lighting and 

improving safety. Rahman, M. A., & Zafar, F. (2020). [10] A review on smart street lighting system: 

objectives, techniques and challenges. In 2020 International Conference on Sustainable 

Technologies for Industry 4.0 (STI) (pp. 1-5). IEEE. This review article provides insights into smart 

street lighting systems, focusing on objectives such as automatic fault detection and the 

advantages they offer in terms of efficiency and cost-effectiveness. Al-Ameen, Z., & Sayeed, S. 

(2018).[11] An IoT based Smart Street Lighting System. In 2018 3rd International Conference on 

Computing, Communication and Security (ICCCS) (pp. 1-5). IEEE. This conference paper presents 

an IoT-based smart street lighting system with automatic fault detection features, emphasizing its 

role in enhancing operational efficiency and reducing maintenance costs. Choudhary, S., & Bisen, 

D. (2020). IoT Based Smart Street Light Fault Detection and Control System. In 2020 International 

Conference on Inventive Research in Computing Applications (ICIRCA) (pp. 1-5). IEEE. his study 

presents an IoT-based approach to smart street lighting, emphasizing fault detection capabilities 

and their role in enhancing operational efficiency and safety.  
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3. PROPOSED SYSTEM 

The paper focuses on developing a predictive analysis framework for street light operations, starting 

with data import and preprocessing, where categorical variables are converted into numerical format, 

and timestamp features are extracted. Data analysis explores distributions, missing values, and 

patterns, supported by visualizations like count plots, histograms, and correlation matrices. To address 

imbalanced datasets, Synthetic Minority Over-sampling Technique (SMOTE) is applied for data 

balancing. The framework builds predictive models, including K-Nearest Neighbors (KNN) and 

Random Forest Classifier (RFC), using a train-test split for fault prediction based on environmental 

and operational data. Model evaluation involves accuracy, precision, recall, F1-score, confusion 

matrices, and classification reports to ensure effective fault detection. 

 

Figure 1: Block Diagram of Proposed System. 

Proposed Algorithm: Random Forest Classifier: 

The Random Forest Classifier is an ensemble learning method that builds multiple decision trees 

during training and combines their outputs for robust predictions. It is widely used for classification 

and regression tasks due to its accuracy and ability to handle large datasets with missing values and 

outliers. 

How Random Forest Works: 

1. Randomly selects subsets of the training dataset and features (bootstrap sampling). 

2. Constructs multiple decision trees independently using these subsets. 

3. Aggregates the predictions of all trees using majority voting (classification) or averaging 

(regression). 

4. Reduces overfitting by averaging multiple decision trees. 

Architecture: 

• Input Layer: Features of the dataset. 

• Bootstrap Sampling: Generates multiple random subsets of data. 
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• Decision Trees: Independently builds trees with subsets of data. 

• Voting Mechanism: Combines predictions from all trees. 

• Output Layer: Provides the final prediction. 

4. RESULTS: 

 

Figure 2 :Home Page 

 

Figure 3: Admin Page Logged in 
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Figure 4: Presents the Sample dataset of the Street light Fault dataset. 

 

Fig. 5: Presents the count plot of Street light Fault dataset. 
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Fig 6: Metrics of KNN 

 

Fig 7: Confusion matrix of KNN Classifier model. 
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Fig 8: Shows a classification report of a Random Forest Classifier model. 

 

 

Fig 9: Confusion matrix of Random Forest Classifier model. 

The figure 8 classification report of the Random Forest Classifier model presents a detailed summary 

of the model's performance in terms of precision, recall, F1-score, and support for each class. It offers 

insights into the model's ability to correctly classify instances of each disease category. 
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The figure 9 confusion matrix of the Random Forest Classifier model illustrates the model's 

performance but specifically for this classifier. It provides a visual representation of how well the 

model predicts the actual classes of Fitness activities, aiding in understanding its activities. 

 

Fig 10: Proposed Random Forest Classifier Model Prediction on test data. 

The figure 10 proposed Random Forest Classifier model's prediction of fault on a test data 

demonstrates the practical application of the model.  

5. CONCLUSION 

The development of advanced stator fault detection strategies for PMSMs is essential for ensuring 

reliable and uninterrupted operation in industrial applications. By leveraging cutting-edge 

technologies such as machine learning and sensor fusion, researchers aim to overcome the limitations 

of traditional maintenance methods and develop proactive fault detection systems capable of 

accurately identifying stator faults in real-time. The research in this field may focus on further 

improving the accuracy, robustness, and scalability of fault detection algorithms, as well as exploring 

novel sensor technologies and data analytics techniques. Additionally, integrating fault detection 

systems with predictive maintenance and condition monitoring platforms can enable more proactive 

and data-driven maintenance strategies, further enhancing the reliability and efficiency of PMSMs in 

industrial environments. 

REFERENCES 

[1]. Cho, Y., & Kim, J. H. (2018). IoT-based intelligent street lighting system for smart city 

applications. Sustainable Cities and Society, 38, 472-481.  

[2]. Al-Haj, A., Al-Dubai, A., & Nasser, Y. (2020). IoT-based Smart Street Lighting System: A 

Comprehensive Review. IEEE Access, 8, 140825-140841.  

[3]. Li, X., Xie, J., Li, D., & Zhang, Y. (2020). Research and application of intelligent street lamp 

control system based on IoT technology. IEEE Access, 8, 99761-99768.  



 
 
Journal of Computational Analysis and Applications                                                              VOL 33, NO. 7, 2024 

 
 

                                                                                                     1742                               B. Manisha et al 1732-1742 
 
 

[4]. Guleria, K., Rani,  A., & Kumar, P. (2021). IoT based intelligent street lighting system: A 

review. Journal of King Saud University-Computer and Information Sciences.  

[5]. Yung, K. C., Chen, M. C., & Yeh, C. S. (2020). Smart Street Lighting: IoT Based Intelligent 

Street Lighting Control System. IEEE Access, 8, 127548-127556.  

[6]. Ma,  R.,  & Zhang,  K.  (2019).  IoT-based  intelligent  street  lighting  system  using edge  

computing.  In  2019  6th International Conference on Systems and Informatics (ICSAI) (pp. 

820-824). IEEE.  

[7]. Goyal,  A.,  Anand,  N.,  &  Kaur,  M.  (2019).  Smart  Street  Lighting  System  using  IoT.  

International  Journal  of Engineering and Advanced Technology, 8(5), 1262-1266. 

[8]. Hussain, Z., & Hussain, I. (2021). Smart Street Light System using IoT and GSM. 

International Journal of Innovative Research in Science, Engineering and Technology, 10(8), 

18171-18178. 

[9]. Shanthini, S., & Kanmani, S. (2019). IoT Based Street Light Management System. In 2019 

International Conference on Communication and Signal Processing (ICCSP) (pp. 0158-0163). 

IEEE. 

[10]. Rahman, M. A., & Zafar, F. (2020). A review on smart street lighting system: objectives, 

techniques and challenges. In 2020 International Conference on Sustainable Technologies for 

Industry 4.0 (STI) (pp. 1-5). IEEE. 

[11]. Al-Ameen, Z., & Sayeed, S. (2018). An IoT based Smart Street Lighting System. In 2018 3rd 

International Conference on Computing, Communication and Security (ICCCS) (pp. 1-5). 

IEEE. 

[12]. Choudhary, S., & Bisen, D. (2020). IoT Based Smart Street Light Fault Detection and Control 

System. In 2020 International Conference on Inventive Research in Computing Applications 

(ICIRCA) (pp. 1-5). IEEE. 


