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ABSTRACT  

Artificial Intelligence (AI) has significantly transformed Structural Health 

Monitoring (SHM) by enabling intelligent damage detection, condition assessment, 

predictive maintenance, and real-time infrastructure monitoring. Recent 

advancements in machine learning, deep learning, computer vision, and sensor 

technologies have accelerated the adoption of AI-based SHM systems, particularly in 

Japan and South Korea, two countries recognized for their technological innovation 

and resilient infrastructure development. This study aims to systematically review 

research published over the last five years to compare AI applications in Structural 

Health Monitoring in both countries. Using a Systematic Literature Review (SLR) 

approach, the study synthesizes recent developments, implementation strategies, 

application areas, benefits, challenges, and future research directions. The findings 

reveal that Japan emphasizes AI for disaster-resilient infrastructure and seismic 

monitoring, whereas South Korea focuses on smart infrastructure management and 

automated inspection systems. Despite significant progress, both countries continue 

to face challenges related to data integration, model reliability, implementation costs, 

and skilled workforce availability. This review provides evidence-based insights to 

support future AI-driven SHM research and sustainable infrastructure management. 
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1. | INTRODUCTION   

The safety and reliability of civil infrastructure have become increasingly important 

as many countries face the challenges of aging structures, rapid urbanization, increasing 

traffic loads, and more frequent natural disasters (Lu et al., 2020). Bridges, tunnels, 

high-rise buildings, railways, and other critical infrastructure require continuous 

monitoring to ensure structural integrity and public safety throughout their service life. 

Conventional inspection methods, which primarily rely on periodic visual assessments 

and manual measurements, are often time-consuming, labor-intensive, and unable to 

provide continuous information regarding structural conditions. These limitations have 

encouraged the development of Structural Health Monitoring (SHM), an advanced 

engineering approach that utilizes sensing technologies and data analysis to 

continuously evaluate the condition and performance of infrastructure. By providing 

real-time information on structural behavior, SHM enables early damage detection, 

supports preventive maintenance, and reduces the risk of unexpected structural failures 

(Vijayan et al., 2023). 

Recent technological advancements have significantly enhanced the capabilities of 

SHM through the integration of Artificial Intelligence (AI). AI enables SHM systems 

to automatically process large volumes of monitoring data, identify damage patterns, 

classify structural conditions, and predict future deterioration with greater speed and 

accuracy than conventional analytical methods (Hartmann et al., 2023). Various AI 

techniques, including machine learning, deep learning, computer vision, artificial 

neural networks, and reinforcement learning, have been increasingly applied to 

vibration analysis, crack detection, damage localization, anomaly detection, and 

predictive maintenance. Combined with modern sensing technologies such as wireless 

sensor networks, fiber optic sensors, unmanned aerial vehicles (UAVs), and Internet of 

Things (IoT) devices, AI has transformed SHM from a passive monitoring system into 

an intelligent decision-support platform capable of improving infrastructure 

management and operational efficiency (Choi et al., 2022) 

The growing adoption of AI-based SHM has been particularly evident in 

technologically advanced countries such as Japan and South Korea. Both countries 

possess extensive transportation networks, high-density urban infrastructure, and 

significant exposure to natural hazards, including earthquakes, typhoons, and extreme 

weather events. These conditions have encouraged substantial investment in smart 

infrastructure technologies that improve infrastructure resilience and public safety. 

However, despite sharing similar technological capabilities, Japan and South Korea 

have adopted different strategies in implementing AI for Structural Health Monitoring. 

Japan has primarily emphasized disaster resilience by integrating AI into seismic 

monitoring, earthquake early warning systems, bridge assessment, and long-term 

infrastructure maintenance (López et al., 2022). AI-based SHM has become an 

important component of Japan's efforts to improve infrastructure resilience against 
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natural disasters while extending the service life of aging infrastructure (Amaechi et 

al., 2022). 

In contrast, South Korea has focused on developing smart infrastructure ecosystems 

by integrating AI with digital construction technologies, automated inspection systems, 

robotics, cloud computing, and intelligent transportation infrastructure. Government 

initiatives supporting digital transformation have accelerated the deployment of AI-

enabled monitoring systems across bridges, tunnels, railways, and public buildings. 

The integration of AI with real-time sensing technologies allows infrastructure 

managers to automate inspections, improve maintenance planning, optimize resource 

allocation, and reduce operational costs. This digital transformation reflects South 

Korea's broader strategy of developing intelligent infrastructure capable of supporting 

sustainable urban development and improving the efficiency of national transportation 

networks (Kwak et al., 2021). 

Although numerous studies have investigated AI applications in Structural Health 

Monitoring, existing research has generally focused on specific algorithms, sensing 

technologies, or individual case studies within a single country. Comparative reviews 

examining recent developments, implementation strategies, technological trends, 

practical applications, and challenges between Japan and South Korea remain relatively 

limited. Such comparative analysis is important because both countries represent 

leading examples of AI adoption in civil infrastructure while demonstrating different 

policy priorities, technological approaches, and implementation experiences. 

Understanding these similarities and differences can provide valuable insights for 

researchers, engineers, infrastructure managers, and policymakers seeking to improve 

AI-based SHM implementation in other countries (Pundir et al., 2022). 

Therefore, this study conducts a Systematic Literature Review (SLR) of peer-

reviewed journal articles published between 2020 and 2024 to compare recent advances 

in Artificial Intelligence applications for Structural Health Monitoring in Japan and 

South Korea. The review synthesizes current research trends, AI techniques, 

implementation strategies, application areas, benefits, challenges, and future research 

opportunities (Mohsan et al., 2023). By providing a comprehensive comparison of 

recent developments in both countries, this study aims to contribute to the growing 

body of knowledge on intelligent infrastructure monitoring and offer evidence-based 

recommendations for the future development of AI-driven Structural Health 

Monitoring systems. 

2. | RESEARCH METHOD 

This study employed a Systematic Literature Review (SLR) to identify, evaluate, 

and synthesize recent research on the application of Artificial Intelligence (AI) in 

Structural Health Monitoring (SHM), with a comparative focus on Japan and South 

Korea. The SLR method was selected because it provides a structured, transparent, and 

reproducible approach for reviewing scientific literature, allowing researchers to 
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minimize selection bias while generating comprehensive and reliable findings. The 

review process consisted of four main stages: literature identification, screening, 

eligibility assessment, and qualitative synthesis. Relevant articles were collected from 

internationally recognized scientific databases, including Scopus, Web of Science, 

ScienceDirect, SpringerLink, IEEE Xplore, and MDPI. The literature search used 

combinations of keywords such as “Artificial Intelligence,” “Structural Health 

Monitoring,” “Machine Learning,” “Deep Learning,” “Civil Infrastructure,” “Bridge 

Monitoring,” “Japan,” and “South Korea” (Li et al., 2022).  Only peer-reviewed journal 

articles published between 2020 and 2024 were included to ensure that the review 

reflected recent technological developments and current research trends. The inclusion 

criteria required that the selected studies explicitly discuss AI applications in Structural 

Health Monitoring for civil infrastructure, including bridges, tunnels, buildings, 

transportation systems, or other engineering structures, while focusing on 

implementation, methodology, performance evaluation, or practical applications in 

Japan or South Korea (Kim et al., 2020).  

Studies unrelated to civil engineering, review papers lacking comparative 

discussion, conference proceedings, book chapters, duplicate publications, and articles 

without sufficient methodological information were excluded. Following the screening 

process, all eligible articles were analyzed using qualitative content analysis to extract 

relevant information, including publication year, research objectives, infrastructure 

type, AI techniques employed, sensing technologies, implementation strategies, 

application areas, reported benefits, technical challenges, and recommendations for 

future research (Awan et al., 2021). The extracted information was then classified into 

thematic categories to facilitate a comparative evaluation of AI adoption in Japan and 

South Korea. The final synthesis focused on identifying similarities and differences in 

technological development, implementation approaches, infrastructure applications, 

research trends, and existing knowledge gaps. Through this systematic procedure, the 

study provides a comprehensive overview of recent advances in AI-driven Structural 

Health Monitoring while offering evidence-based insights and practical 

recommendations for researchers, engineers, infrastructure managers, and policymakers 

seeking to improve the safety, resilience, and sustainability of civil infrastructure 

through intelligent monitoring technologies.  

3. | RESULTS AND DISCUSSION 

The systematic literature review indicates that research on Artificial Intelligence (AI) 

applications in Structural Health Monitoring (SHM) has expanded considerably 

between 2020 and 2024, reflecting the increasing demand for intelligent infrastructure 

management and resilient civil engineering systems (Murtagh et al., 2020). The 

reviewed studies consistently demonstrate that AI has become a fundamental 

technology for improving the efficiency, accuracy, and reliability of structural 
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monitoring by enabling automated damage detection, condition assessment, predictive 

maintenance, and real-time decision-making. Unlike conventional SHM approaches, 

which depend heavily on manual inspections and predefined analytical models, AI-

driven systems are capable of processing large volumes of sensor data, identifying 

complex structural patterns, and predicting structural deterioration with high accuracy. 

The rapid advancement of machine learning, deep learning, computer vision, and data 

analytics has further accelerated the integration of AI into bridges, tunnels, railways, 

high-rise buildings, dams, and other critical infrastructure (Flah et al., 2021). 

One of the most significant findings identified in the reviewed literature is the 

increasing integration of AI with advanced sensing technologies. Modern SHM 

systems no longer rely on a single monitoring technique but combine wireless sensor 

networks, fiber optic sensors, accelerometers, strain gauges, Global Navigation 

Satellite System (GNSS) measurements, unmanned aerial vehicles (UAVs), and 

Internet of Things (IoT) devices to collect continuous structural information. AI 

algorithms analyze these large and heterogeneous datasets to recognize abnormal 

structural behavior, classify damage types, estimate structural performance, and 

generate maintenance recommendations. This integration enables infrastructure 

managers to shift from periodic inspection practices toward continuous condition-based 

monitoring, improving operational efficiency while reducing maintenance costs and 

minimizing the risk of unexpected structural failures (Adekunle et al., 2021). 

The comparative analysis reveals that Japan has established one of the world's most 

advanced AI-based SHM ecosystems, primarily driven by its exposure to earthquakes, 

typhoons, volcanic activity, and aging infrastructure. These environmental and 

demographic challenges have encouraged continuous investment in intelligent 

monitoring technologies capable of supporting disaster resilience and long-term 

infrastructure management. AI has been widely implemented to monitor bridges, 

tunnels, railway systems, high-rise buildings, and public infrastructure by analyzing 

vibration signals, displacement measurements, crack propagation, and seismic 

responses. Machine learning and deep learning algorithms have demonstrated strong 

capabilities in identifying structural anomalies that may not be detectable through 

conventional inspection methods. In addition, Japan has increasingly integrated AI into 

earthquake monitoring systems to improve post-earthquake structural assessment and 

prioritize emergency inspections based on predicted damage severity. These 

developments contribute significantly to reducing inspection time while improving 

infrastructure safety and maintenance planning (Omrany et al., 2023). 

Another important trend identified in Japan is the application of computer vision 

technologies for automated structural inspection. High-resolution cameras mounted on 

drones, robotic platforms, and autonomous vehicles are increasingly used to collect 

visual data from bridges, tunnels, and elevated structures. AI-based image recognition 

models subsequently analyze these images to detect cracks, corrosion, concrete 

spalling, surface deformation, and other structural defects without requiring direct 
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human access to hazardous locations. This approach not only improves inspection 

efficiency but also enhances worker safety and reduces operational disruptions during 

infrastructure maintenance. Furthermore, combining computer vision with deep 

learning enables continuous improvement in defect recognition accuracy as larger 

datasets become available, supporting more reliable condition assessment and long-

term asset management. 

The review also indicates that AI implementation in Japan extends beyond damage 

detection toward predictive maintenance and infrastructure lifecycle optimization. 

Predictive models developed using historical monitoring data allow engineers to 

estimate structural deterioration rates, evaluate maintenance priorities, and optimize 

resource allocation before critical failures occur. Rather than relying on fixed 

maintenance schedules, infrastructure managers can perform maintenance based on 

actual structural conditions, thereby reducing unnecessary maintenance activities while 

extending infrastructure service life. This predictive approach has become particularly 

valuable for managing Japan's aging transportation infrastructure, where maintaining 

operational reliability while controlling maintenance costs represents a major national 

priority. Consequently, AI-driven Structural Health Monitoring has evolved into an 

essential component of Japan's broader strategy for developing resilient, sustainable, 

and intelligent infrastructure systems capable of supporting long-term public safety and 

economic development. South Korea has also demonstrated remarkable progress in the 

implementation of Artificial Intelligence for Structural Health Monitoring, although its 

development strategy differs from that of Japan. Rather than focusing primarily on 

disaster resilience, South Korea has emphasized the integration of AI into smart 

infrastructure, digital construction, and intelligent transportation systems. National 

investments in digital transformation have encouraged the deployment of AI-enabled 

monitoring systems across bridges, tunnels, railways, ports, and high-rise buildings, 

supporting the country's objective of creating highly connected and data-driven 

infrastructure networks. AI technologies are increasingly combined with cloud 

computing, Internet of Things (IoT) devices, wireless sensor networks, robotics, and 

unmanned aerial vehicles (UAVs) to establish continuous monitoring systems capable 

of collecting and analyzing structural information in real time. These integrated 

platforms allow engineers and infrastructure managers to monitor asset conditions 

remotely while improving the efficiency of maintenance planning and operational 

decision-making. 

The reviewed studies indicate that machine learning and deep learning algorithms 

have become the dominant analytical approaches used in South Korean SHM 

applications. Convolutional Neural Networks (CNNs) are widely applied for automated 

image-based crack detection, while recurrent neural networks and other predictive 

learning models are employed to analyze time-series monitoring data for identifying 

abnormal structural responses and forecasting future deterioration. AI-assisted 

computer vision systems enable the rapid inspection of large infrastructure assets 
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without interrupting normal operations, thereby reducing inspection time, minimizing 

labor requirements, and improving the consistency of damage assessment. 

Furthermore, AI models are increasingly trained using large-scale infrastructure 

datasets, allowing continuous improvement in prediction accuracy and supporting more 

reliable maintenance strategies throughout the infrastructure lifecycle. 

The comparative analysis demonstrates that both Japan and South Korea recognize 

AI as a strategic technology for enhancing infrastructure safety, resilience, and 

operational efficiency. However, their implementation priorities reflect different 

national needs and policy directions. Japan primarily utilizes AI to strengthen disaster 

preparedness and improve the resilience of aging infrastructure exposed to earthquakes 

and other natural hazards. Consequently, many Japanese studies emphasize seismic 

monitoring, vibration analysis, structural reliability assessment, and post-disaster 

damage evaluation. In contrast, South Korea places greater emphasis on developing 

intelligent infrastructure ecosystems in which AI supports automated inspection, digital 

asset management, and smart city development. This broader integration of AI with 

digital construction technologies enables continuous monitoring, optimized 

maintenance scheduling, and efficient management of complex transportation and 

urban infrastructure networks. 

Despite these strategic differences, both countries share several common 

technological characteristics. AI implementation is consistently supported by high-

quality sensing technologies capable of collecting accurate structural information under 

various operational conditions. Wireless sensor networks, fiber optic sensors, 

accelerometers, strain gauges, LiDAR systems, and UAV-based inspections provide 

continuous data that serve as the foundation for AI analysis. Cloud computing 

platforms facilitate centralized data storage and high-performance computation, while 

IoT technologies enable seamless communication between monitoring devices and 

analytical systems. The combination of these technologies creates intelligent 

monitoring environments that improve collaboration among engineers, infrastructure 

operators, and decision-makers while reducing dependence on traditional manual 

inspection procedures (Kim et al., 2020). 

Another important finding emerging from the reviewed literature is the growing 

contribution of AI to sustainable infrastructure management. Continuous structural 

monitoring allows infrastructure owners to detect deterioration at an early stage, 

preventing severe damage that would otherwise require extensive rehabilitation or 

complete replacement (Nagappan et al., 2020). Predictive maintenance supported by 

AI also reduces unnecessary inspections, optimizes maintenance budgets, extends 

infrastructure service life, and minimizes disruptions to public transportation and urban 

activities (Schaefer et al., 2021). Consequently, AI-driven Structural Health Monitoring 

not only improves engineering performance and public safety but also contributes to 

environmental sustainability through more efficient resource utilization, reduced 



  
Artificial Intelligence Applications in Structural Health....  

 

51 

material consumption, and improved lifecycle management of critical infrastructure 

assets. 

 

4. | CONCLUSION 

 This study systematically reviewed recent advances in Artificial Intelligence (AI) 

applications for Structural Health Monitoring (SHM) by comparing research 

developments and implementation practices in Japan and South Korea based on peer-

reviewed publications published between 2020 and 2024. The findings demonstrate 

that AI has transformed Structural Health Monitoring from a conventional inspection 

approach into an intelligent, data-driven system capable of supporting automated 

damage detection, condition assessment, predictive maintenance, and real-time 

infrastructure monitoring. The integration of AI with advanced sensing technologies, 

including wireless sensor networks, Internet of Things (IoT) devices, unmanned aerial 

vehicles (UAVs), computer vision, and cloud computing, has significantly improved 

the efficiency, accuracy, and reliability of infrastructure management throughout the 

asset lifecycle. 

The comparative analysis indicates that Japan primarily emphasizes AI 

implementation for disaster resilience, seismic monitoring, and the maintenance of 

aging infrastructure, while South Korea focuses on smart infrastructure development, 

automated inspection systems, and digital asset management. Despite these different 

implementation strategies, both countries have successfully demonstrated that AI-

driven SHM enhances infrastructure safety, optimizes maintenance planning, reduces 

operational costs, and supports sustainable infrastructure management. 

Nevertheless, several challenges remain, including limited data standardization, 

model generalization, interoperability among digital platforms, high implementation 

costs, cybersecurity concerns, and shortages of multidisciplinary expertise. Addressing 

these issues requires stronger collaboration among governments, academic institutions, 

technology developers, and infrastructure operators. Future research should prioritize 

the development of standardized datasets, explainable and transferable AI models, and 

deeper integration with Digital Twin and other intelligent technologies to improve 

infrastructure resilience, operational efficiency, and long-term sustainability. 
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