
RADemics 

 
  

AI-Based Bridge 
Crack Detection 
and Structural 
Health Monitoring 
Using Deep 
Learning and UAV 
Imaging 

Puneet Sapra, Vikas Dattatray Raskar 
Rayat Bahra university, K J College of 

Engineering and Management Research  



AI-Based Bridge Crack Detection and 

Structural Health Monitoring Using Deep 

Learning and UAV Imaging 
1Puneet Sapra, Associate Professor, computer Science Engineering, Rayat Bahra university, 

Mohali, Punjab, India. puneetsapra91@gmail.com  

2Vikas Dattatray Raskar, Assistant Professor, Engineering Science Department, K J College of 

Engineering and Management Research Pune, State Maharashtra, India. 

raskar100674@gmail.com 

Abstract 

The integration of Unmanned Aerial Vehicles (UAVs) with Artificial Intelligence (AI) and 

Machine Learning (ML) has revolutionized the field of structural health monitoring (SHM) for 

critical infrastructure, particularly in the inspection and maintenance of bridges. This chapter 

explores the advancements in UAV-based inspection systems and their synergy with AI for 

autonomous decision-making in bridge crack detection and predictive maintenance. UAVs 

equipped with advanced imaging sensors, including high-resolution cameras, LiDAR, and thermal 

infrared sensors, enable non-intrusive and highly efficient data acquisition. The incorporation of 

AI and ML models further enhances the capability to automatically detect, classify, and assess the 

severity of cracks, offering accurate and real-time insights into structural integrity. Through a 

review of recent case studies, the chapter highlights the application of AI-driven predictive 

maintenance techniques that enable proactive interventions, optimizing resource allocation and 

extending the lifespan of bridges. Moreover, the chapter addresses the challenges and future 

opportunities associated with real-time data processing, edge computing, and cloud-based systems, 

which enable scalable, efficient, and autonomous inspection workflows. The potential of UAVs 

and AI in reshaping bridge maintenance practices, improving safety, reducing operational costs, 

and enhancing infrastructure management is critically examined. This work presents a 

comprehensive framework for adopting AI-powered UAV inspection systems, laying the 

foundation for next-generation infrastructure monitoring technologies. 
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Introduction 

The role of Unmanned Aerial Vehicles (UAVs) in infrastructure inspection has gained 

significant momentum in recent years, particularly in the field of structural health monitoring 

(SHM) for bridges [1]. Traditional methods of bridge inspection, often involving manual labor and 

specialized equipment, have proven to be labor-intensive, time-consuming, and prone to human 

error [2]. Inspectors must physically access difficult-to-reach areas of the structure, which can be 

risky and disruptive. UAVs, equipped with advanced imaging technologies such as high-definition 



cameras, thermal infrared sensors, and LiDAR, offer a more efficient, safer, and cost-effective 

alternative [3]. These systems can rapidly capture high-resolution imagery and sensor data from a 

variety of angles and elevations, enabling the thorough inspection of bridges without the need for 

scaffolding or road closures [4]. As a result, UAVs can collect vast amounts of data in a short 

period, making them an ideal tool for real-time monitoring of bridge conditions, especially in 

large-scale infrastructure networks [5]. 

The integration of Artificial Intelligence (AI) and Machine Learning (ML) into UAV-based 

bridge inspection systems adds a layer of sophistication that goes beyond simple data collection 

[6]. AI algorithms can process the data captured by UAVs to automatically detect and classify 

cracks, corrosion, and other forms of structural degradation [7]. These algorithms are trained on 

large datasets, allowing them to learn from past inspections and continuously improve their 

accuracy in detecting subtle defects that may not be visible to the naked eye [8]. As UAVs collect 

more data, machine learning models can refine their detection capabilities, making them more 

effective over time [9]. By automating the process of damage detection, these AI-powered systems 

reduce the need for human interpretation, eliminate subjective judgments, and ensure a more 

consistent and accurate assessment of bridge health [10]. 

One of the most significant benefits of AI and UAV integration in bridge inspection is the ability 

to perform predictive maintenance [11]. Predictive maintenance leverages historical data, real-

time monitoring, and AI algorithms to predict when maintenance or repairs will be needed, rather 

than relying on predefined inspection schedules [12]. For example, AI models can predict the 

future condition of bridge components based on the rate of deterioration observed during UAV 

inspections. By identifying which parts of a bridge are most likely to fail or require attention in the 

near future, infrastructure managers can prioritize maintenance activities and allocate resources 

more efficiently [13]. This approach not only extends the lifespan of the bridge but also reduces 

the overall cost of repairs by addressing issues before they become critical [14]. Predictive 

maintenance ensures that interventions are both timely and cost-effective, minimizing the risk of 

unexpected failures and optimizing the maintenance budget [15]. 

 


