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ABSTRACT 

Energy consumption has significantly increased as a result of urbanization, especially for 

infrastructure related to public lighting. Because of their set schedules and inability to adapt to 

changes in the environment, conventional street lighting systems use a lot of energy. Artificial 

intelligence (AI)-driven smart street lighting systems with object identification techniques provide a 

viable answer to this problem. These systems increase safety and user experience while achieving 

energy savings via the use of adaptive control and real-time sensing. This study offers a thorough 

examination of AI-based street light automation systems that use object detection, talks about their 

multidisciplinary elements—from cutting-edge computer vision technologies to IoT integration—and 

assesses current models, difficulties, and potential future directions in this field. 
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1. INTRODUCTION 

The Difficulty of Urban Lighting : 

Urban safety, energy use, and the general 

atmosphere of cities are all significantly 

impacted by street lighting. However, 

conventional systems, which are frequently 

time-based or manually controlled, waste a 

significant amount of energy and are unable to 

react quickly to situational or environmental 

demands. 

AI-Powered Automation's Potential : 

Real-time monitoring and dynamic 

illumination modification are made possible 

by the incorporation of computer vision and 

artificial intelligence (AI) into urban lighting 

systems. Street light brightness may be 

responsively adjusted by object identification 

algorithms that recognize cars, pedestrians, 

and other urban things. This improves road 

safety in addition to optimizing energy use.  

2. Research Objectives 

1. Creating an AI-driven framework for smart 

street lighting systems is one of the main goals 

of this project.  

2. Assessing how object detection techniques 

contribute to precise and effective object 

identification for adaptive lighting.  

3. Examining current technical methods, 

obstacles, and prospects for automating street 

lights using AI.  

3. Related Work 

• Intelligent Transportation Systems' (ITS) 

object detection  

In intelligent transportation, object detection 

has proven a game-changing technology, 

especially for vehicle tracking, pedestrian 

identification, and traffic monitoring [1]–[3]. 

In real-time scenarios, methods like YOLO 

and CNN-based object detection have proven 

to be very accurate in recognizing and 

classifying urban items [4].  

• AI-Powered Street Lighting Systems  

In order to lower energy usage and monitor 

ambient environmental characteristics 

including pedestrian activity, vehicle presence, 

and ambient light intensity, several research 

have created sensor-based and AI-driven street 

lighting systems [5]–[7]. For example, recent 

work achieved considerable energy savings by 

using IoT-enabled networks to dynamically 



IJDIM, 2026, 5 (1), 11-14 | 12 International Journal of Data Science and IoT Management System 

    International Journal of 

            DATA SCIENCE AND IOT MANAGEMENT SYSTEM 
                      ISSN: 3068-272X                                           www.ijdim.com                                              Original Research Paper 

 

regulate street lighting based on real-time 

feedback [8], [9].  

4. AI-Powered Object Recognition for 

Automated Street Lighting 

Structure of Theory  

The essential component of the system is the 

integration of smart control units built into 

street lighting with sophisticated object 

detecting algorithms. The programmable 

system carries out the following tasks using 

AI-driven models like YOLOv5 and Mask R-

CNN: 

1. Identification of Relevant Objects: 

Recognizing cars, bicycles, and pedestrians.  

2. Real-Time Processing: Examining data 

streams obtained from roadside cameras linked 

to an Internet of Things network. 

3. Decision-Making Algorithms: AI systems 

use road activity and object motions to 

determine the necessary illumination intensity.  

5. Architecture of the System  

Four interwoven layers make up the suggested 

architecture:  

1. Perception Layer: Gathers ambient and 

traffic data via visual sensors.  

2. Computational Layer: Uses YOLO 24 and 

other pre-trained models to process object 

detection.  

3. Communication Layer: Data is sent 

between streetlights and centralized or 

decentralized controllers using wireless IoT 

technology.  

4. Action Layer: Adapts lighting levels 

dynamically in response to data analytics 

results.  

6. Methodology 

Algorithms for Object Detection  

We suggest using real-time, lightweight deep 

learning models. Due to their effectiveness in 

identifying small and far-off objects in urban 

traffic scenes, YOLOv5 and its derivatives, 

such as SOD-YOLOv8 4, tailored for edge 

devices, are advised. 

 

 

Workflow  

1. Data gathering  

A central server receives live footage from 

high-resolution traffic cameras. In order to 

identify cars, bicycles, and pedestrians, the 

video is analyzed frame by frame, converting 

unprocessed pixels into identifiable objects. 

2. Analyzing and processing  

Each detected item is classified and its 

location in relation to the lamp post is 

estimated by convolutional neural networks 

(CNNs). The system uses this information to 

calculate traffic density, speed, and each 

moving element's precise coordinates.  

3. Optimization of lighting  

An adaptive controller determines the 

minimum brightness required for each light to 

be safe while minimizing waste using the 

density and position data. Only when a user is 

close by do lamps turn on, and after they are 

gone, they gradually turn off. 

 
7. Challenges 

Computational Restrictions 

Power and processing capability limit the use 

of resource-intensive AI models on IoT-

enabled edge devices [10], [11]. 

Precision in Difficult Situations 

The dependability of object detecting systems 

is impacted by inclement weather, dim 

illumination, and occlusions [4], [3]. 

Deployment and Scalability 

It is still difficult to integrate different 

computational frameworks and scale the 

network to incorporate huge metropolitan 

regions [12], [13]. 
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8. Results and Discussion 

Efficiency of Energy 

Automated smart lighting systems can save 

30–60% of energy when compared to 

conventional ones, according to recent 

research [14], [15]. 

Advantages of Instantaneous Detection 

By reducing needless lighting by up to 40% 

and improving responsiveness, YOLO and 

related object detection techniques improve 

sustainability [5], [2]. 

Restrictions 

1. In extremely dynamic situations or harsh 

weather, real-time adaption with current 

technology is challenging [4]. 

2. IoT sensors and edge devices might be 

prohibitively expensive to deploy initially, 

especially in underdeveloped countries [8]. 

9. Future Directions 

1. Connectivity to Intelligent Networks 

integrating street lighting systems with other 

urban IoT systems, such public surveillance 

and traffic monitoring, to build a more 

networked infrastructure for smart cities [16], 

[17]. 

2. Improved Models for Object Detection 

creating lightweight, context-aware models 

that can recognize objects more accurately in 

harsh environments or at night. 

3. Harvesting Energy 

using devices such as triboelectric 

nanogenerators (TENGs) to harvest energy 

from ambient motions (such as car vibrations) 

in order to power sensors installed in street 

lights [18]. 

10. Conclusion 

An important step toward creating responsive 

and energy-efficient urban infrastructure is AI-

driven street light automation that uses object 

detection. Its integration into smart city 

ecosystems offers significant energy savings 

and safety advantages, despite implementation 

and scaling constraints. Future work should 

focus on developing algorithms that are more 

reliable and lightweight, enhancing edge 

computing capabilities, and incorporating 

sustainable energy solutions. 
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