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Abstract 

Effective public infrastructure asset management is essential for ensuring the safety, sustainability, and 

resilience of societal systems. As infrastructure systems age and grow in complexity, data-driven 

approaches have become increasingly vital in supporting informed decision-making and resource 

optimization. However, effective infrastructure asset management planning is hindered by numerous 

challenges, such as financial constraints, data deficiencies, and technological barriers. This study 

examines the digital transformation of infrastructure asset management in the Republic of Korea, 

focusing on the key barriers and future directions for improvement. In particular, this paper analyzes 

these issues with a specific focus on data acquisition and analysis problems, highlighting the gaps in 

data collection, processing, and usage in decision-making. The findings provide valuable lessons on 

improving data quality, addressing data silos, advancing real-time monitoring, and fostering analytical 

capabilities. This study concludes with actionable recommendations by identifying areas to advance 

infrastructure management practices, such as the importance of component-level data collection, 

centralized data platforms, standardized governance, and global collaboration. The results of this study 

contribute to the expanding body of knowledge on digital asset management and provide policymakers 

and practitioners with a roadmap for enhancing infrastructure resilience through data-driven strategies. 
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1. Introduction 

Public infrastructure assets, including roads, bridges, water systems, and energy grids, form the 

backbone of modern society. Effective management of these assets is crucial to ensure long-term 

functionality, safety, and economic efficiency [1]. Among the numerous challenges in efficient asset 

management, data acquisition and analysis represent critical bottlenecks that significantly impact 

decision-making processes [2,3]. The rise of digital technologies has profoundly impacted the way public 

infrastructure assets are monitored, maintained, and upgraded. Traditional asset management 

approaches often relied on manual inspections and periodic evaluations that could not capture nuanced 

real-time changes in infrastructure performance. These limitations resulted in maintenance backlogs, 

budget overruns, and suboptimal resource allocation. As data-driven approaches gain traction, 

infrastructure agencies face the challenge of transitioning from paper-based or fragmented digital 

records to a fully integrated system that leverages advanced analytics and predictive modelling [2,3]. 

However, this process is far from straightforward; it entails significant organizational changes, 

investments in technology, and the development of specialized expertise. To address these concerns, 

this paper examines key issues related to data-driven asset management planning and reviews research 

conducted to address these challenges. The primary objective of this study is to identify the critical 

problems associated with data acquisition and analysis in public infrastructure asset management and 

to explore research-driven solutions. This paper sheds light on the data-related challenges and solutions 

in public infrastructure asset management, emphasizing financial, technological, and governance 

aspects. The remainder of this paper is organized as follows. Section 2 provides a deeper exploration 



 

 

of the research background, highlighting the pivotal role of data in asset management. Section 3 details 

the critical challenges in data acquisition and analysis, discussing issues such as fragmentation and 

limited real-time monitoring. Section 4 presents a practical example of a smart infrastructure 

management system implemented in the Republic of Korea, illustrating real-world applications and 

insights. Section 5 synthesizes lessons learned and offers guidelines for promoting digital transformation, 

integrating data silos, collecting detailed component-level data, investing in real-time monitoring, and 

building analytical capabilities. Finally, Section 6 concludes with a summary of findings and suggestions 

for future research directions. 

2. Research background 

2.1. Importance of data in asset management 

Effective infrastructure asset management relies on accurate and comprehensive data as its foundation. 

Reliable data collection enables decision-makers to gain clear insights into the current state and 

performance of infrastructure assets, allowing for well-informed planning and prioritization of 

maintenance activities [4]. Data-driven approaches streamline the allocation of funds and resources, 

ensuring that investments are directed to areas with the highest impact [5]. Furthermore, historical and 

real-time data play a crucial role in predicting potential asset failures, enabling proactive maintenance 

strategies that reduce costs and prevent disruptions [6]. Without high-quality data, efforts to manage 

infrastructure assets efficiently are severely hindered, leading to increased risks and inefficiencies in 

public infrastructure systems. 

2.2. Challenges in data acquisition and analysis 

The process of acquiring and analyzing data for public infrastructure asset management involves 

multiple challenges that affect its effectiveness. Fragmentation in data sources is a significant issue, as 

information is often dispersed across various systems that are not integrated, leading to inefficiencies 

in decision-making [7]. Additionally, the quality of data collected is frequently inconsistent due to manual 

collection methods and outdated systems, which introduce inaccuracies and reduce reliability [8]. The 

financial burden of implementing advanced data collection systems, such as IoT sensors, poses another 

obstacle, especially for budget-constrained organizations [9]. Furthermore, the sheer volume of data 

generated can overwhelm infrastructure agencies, particularly when they lack the tools and expertise 

required for effective analysis. Addressing these challenges is essential to unlocking the full potential of 

data-driven asset management strategies. 

2.3. Digitization, digitalization, and digital transformation 

The journey from digitization to digital transformation represents a critical evolution in public 

infrastructure asset management. Digitization refers to converting physical records into digital formats, 

which forms the foundation for more sophisticated data handling [10]. By digitizing asset inventories, 

agencies create centralized, accessible repositories of information. Digitalization involves leveraging 

digital tools to enhance existing processes [10]. This includes the use of sensors, drones, and 

Geographic Information Systems (GIS) for real-time data collection and monitoring, thereby improving 

decision-making and operational efficiency. Finally, digital transformation represents a holistic shift 

where digital technologies fundamentally reshape asset management strategies [10]. It integrates 

advanced analytics, machine learning, and predictive modeling into decision-making processes, 

enabling agencies to transition from reactive to proactive maintenance strategies. By analyzing the data 

produced by these interconnected systems, agencies can identify patterns of asset deterioration and 

develop targeted, cost-effective maintenance strategies that minimize service disruptions. In this 

environment, cross-departmental data sharing and stakeholder collaborations become increasingly 

feasible, promoting greater transparency and accountability throughout the asset life-cycle. While digital 

transformation holds immense potential, its successful implementation requires addressing barriers 

such as high costs, organizational inertia, and skill gaps. 



 

 

3. Problem in data acquisition and analysis 

3.1. Inconsistent and incomplete data collection 

One of the fundamental issues in data acquisition is the lack of uniformity in data collection protocols 

[4,11]. Infrastructure management agencies often rely on different methodologies across regions or 

asset types, leading to variations in the quality and scope of the collected data. This inconsistency 

undermines the ability to create a unified maintenance strategy or perform comparative analysis across 

infrastructure networks [1]. For instance, while some regions may utilize advanced condition monitoring 

systems, others might still depend on manual inspections, resulting in incomplete and outdated datasets 

[12]. 

3.2. Limited real-time monitoring 

Real-time monitoring is crucial for proactive maintenance, yet many agencies fail to implement it 

effectively due to the high initial costs and technical challenges [13]. Without real-time monitoring, 

infrastructure managers often rely on reactive maintenance strategies, addressing issues only after 

significant deterioration or failure [6]. For example, undetected structural stress in bridges or roads can 

lead to sudden collapses, endangering lives and increasing repair costs exponentially. 

3.3. Data silos and fragmentation 

The existence of data silos within and across agencies is a persistent issue. Different departments often 

maintain their datasets independently, using incompatible formats and systems [8,9]. This lack of 

integration hinders collaboration and reduces the efficiency of predictive models [1]. For instance, traffic 

data from urban planning departments might not be accessible to transportation agencies, resulting in 

missed opportunities for optimizing road maintenance schedules based on usage patterns. 

3.4. Analytical skill gaps 

The ability to derive actionable insights from data depends heavily on the analytical capabilities of the 

workforce. Many infrastructure agencies struggle with a shortage of trained data scientists and 

engineers who can effectively interpret complex datasets [14]. Additionally, the lack of advanced 

analytical tools compounds this problem, as agencies are unable to harness the full potential of machine 

learning or big data analytics [13]. 

3.5. Barriers to digital transformation 

Digital transformation requires a comprehensive overhaul of existing workflows and systems, which 

presents significant challenges. High implementation costs deter many agencies, especially those with 

tight budgets [14]. Furthermore, resistance to change among employees can stall transformation 

initiatives. Legacy systems, often incompatible with modern digital tools, add complexity and require 

costly upgrades or replacements [15]. Organizations should also invest in upskilling their workforce to 

ensure that employees can effectively utilize new technologies [15]. 

4. Smart infrastructure management system in the Republic of Korea 

The Ministry of Land, Infrastructure, and Transport (MOLIT) of the Republic of Korea launched the 

operation of the smart management system for national infrastructure, called “Giban-teo” 

(www.inframanage.go.kr) in 2024. This system aims to prevent safety accidents caused by aging 

infrastructure proactively. It manages about 480 thousand infrastructure assets based on the 

standardized life-cycle history information across 15 types of infrastructure, including roads, railways, 

ports, airports, water supply, electricity, gas, and telecommunications. 

4.1. Data management 

The system provides integrated data management, enabling management entities to systematically 

monitor facility information and take timely action. The system standardizes and integrates detailed 

information on facilities that are currently managed separately by various entities such as central 

government agencies, local governments, public institutions, and private investors. Through a 

comprehensive infrastructure survey, the MOLIT digitized life-cycle history data for each asset and built 

an initial database after validating the data and identifying errors. In order to ensure the continuous 



 

 

updating of standardized information, operating protocols for the system have been established, which 

require management entities to enter standardized information directly into the system. In addition, the 

system integrates with five existing infrastructure-related systems through an Application Programming 

Interface (API) for database updates. 

4.2. Life-cycle performance and cost analysis 

The system also enables life-cycle performance and cost analysis of assets to derive optimal 

maintenance strategies (Fig. 1). In the Republic of Korea, performance evaluations are conducted by 

type of infrastructure according to the Act on Safety Control and Maintenance of Establishments. The 

individual performance scores of the facilities, which vary according to the management and supervisory 

authorities, are converted into standardized grades according to predefined rules. The system then 

performs data-driven assessments of performance degradation and improvement by analyzing data 

from facilities similar to the target facility and using this sample data to identify trends. Meanwhile, the 

life-cycle cost consists of planning, design, construction, maintenance, rehabilitation, and demolition 

costs. The costs already incurred are calculated using historical data, while future maintenance and 

reinforcement costs are estimated by analyzing historical data from similar facilities. Afterward, the 

system automatically generates current and optimal maintenance scenarios to support decision-making 

for individual assets. Based on the construction completion date of each facility, it analyzes performance 

changes and compares factors such as timing, cost, and performance improvements for different 

strategies. It then selects the strategy that provides the greatest life extension relative to cost. 

 

 

Fig. 1. Example of life-cycle performance and cost analysis. 

5. Lessons learned for future improvements 

Fig. 2 shows the digital-technology-enhanced infrastructure asset management framework for future 

improvements. This paper presents key challenges and future directions in digital transformation of 

infrastructure asset management, providing a detailed explanation of how these approaches address 

current challenges and align with the proposed framework. 



 

 

 

Fig. 2. Digital technology-enhanced infrastructure asset management framework. 

5.1. Promoting digital transformation 

The current system has adopted standardized protocols to ensure consistency in data acquisition across 

management entities and asset types, as mentioned above. For improvement, leveraging automated 

tools for the data collection and validation process is essential to ensure the rigor and reliability of 

analyses by minimizing human error. A phased approach to digital transformation is recommended, 

progressing toward full-scale implementation of advanced analytics and AI tools. Agencies should 

develop a roadmap that outlines key milestones, resource requirements, and expected outcomes. Data 

governance and collection protocols should be revisited and updated periodically to accommodate 

emerging technologies and methodologies. In addition, machine learning and AI tools should be 

integrated into asset management workflows to enable data-driven decision-making. Agencies should 

focus on building high-quality datasets and ensuring that predictive models are regularly validated and 

updated. These tools can help optimize resource allocation and extend the lifespan of infrastructure 

assets. Collaboration with private sector technology providers can help reduce costs and accelerate 

adoption. 

5.2. Integration of data silos 

The Republic of Korea’s current facilities management systems are fragmented across various 

management entities and supervision organizations, highlighting the need for integrated management 

through improved linkages between individual systems. To address the issue of fragmented data, 

agencies should invest in centralized, cloud-based platforms that enable interoperability and real-time 

data sharing. Although the current system has data pipelines with five related systems, future 

improvements should focus on diversifying data sources. The future system should be designed with 

robust cybersecurity measures to ensure data privacy and protection. 

5.3. Component-level historical data of facilities 

Repairs, reinforcements, and performance improvements for facilities are made at the component level. 

However, the current system only accumulates performance grade information at the facility level. As a 

result, after repair, reinforcements, or performance improvement work, the system doesn’t take account 

into the deterioration level of other components and applies an assumed rate of deterioration 

acceleration in life expectancy projections. Moreover, the system classifies asset conditions into five 

levels, but most assets are concentrated on the C or D level, which reduces the differentiation between 

standard indices. Therefore, it is necessary to refine asset-level information by collecting and managing 

data at the component level to achieve accurate and reliable performance and cost predictions. 

5.4. Investment in real-time monitoring 

Currently, facility condition assessments are conducted periodically as required by law, and real-time 

condition assessments are not conducted. Expanding the use of IoT sensors and other real-time 



 

 

monitoring technologies with the digital twin can significantly improve the ability to proactively identify 

and address problems. Governments should establish pilot programs to evaluate the cost effectiveness 

and scalability of such technologies before broader implementation. Additionally, integrating real-time 

monitoring data with predictive models can provide actionable insights for prioritizing maintenance tasks. 

5.5. Building analytical capabilities 

Agencies should establish dedicated data science teams and invest in ongoing training programs to 

improve analytical skills. Collaborations with universities and professional organizations can provide 

access to cutting-edge research and training materials. Providing clear career paths and incentives can 

help retain skilled professionals in government. In addition, establishing a separate organization focused 

on public infrastructure analytics can foster innovation and serve as hubs for knowledge sharing. Such 

initiatives can foster cross-disciplinary collaboration, combining expertise in engineering, data science, 

and public policy to address complex infrastructure challenges. 

5.6. Fostering global collaboration 

International collaboration can play a critical role in advancing data-driven infrastructure management. 

Agencies should participate in global forums and partnerships to share best practices and access 

funding opportunities. Collaborative frameworks such as joint working groups or regional alliances can 

streamline knowledge sharing and enable the co-creation of innovative tools. Joint research initiatives 

can help address common challenges and develop scalable solutions, while promoting mutual learning 

through shared case studies and pilot projects. Promoting cross-border data sharing agreements can 

further enhance the collective capacity to address large-scale infrastructure challenges. Joint research 

initiatives can help address common challenges and develop scalable solutions. 

 

Table 1. Challenges and future directions in digital transformation of infrastructure asset management. 

Challenge Description Future direction Expected result 

Inconsistent & 
incomplete data 

- Lack of uniform data 
collection 

- Variable quality across 
agencies 

- Limited component 

- Standardize data 
protocols 

- Utilize automated data 
collection tools 

- Adopt component-level 
data tracking 

- Improved data 
reliability 

- Better performance 
assessments 

- More accurate cost 
forecasting 

Data silos & 
Fragmentation 

- Information scattered 
in incompatible formats 

- Limited cross-
departmental data 
sharing 

- Centralization via 
cloud-based platforms 

- Adopt standardized 
APIs and data models 

- Ensure robust 
cybersecurity 

- Enhanced 
interoperability 

- Real-time asset data 
sharing 

- Optimized resource 
allocation 

Limited real-time 
monitoring 

- Data managed at 
facility level 

- Poor investment in 
automated asset 
monitoring system 

- Reliance on reactive 
maintenance 

- Collect component-
level performance data 

- Utilize IoT sensors and 
digital twins for facility 
monitoring 

- Integrate real-time data 
into predictive models 

- Improved accuracy in 
life prediction 

- Early fault detection & 
Proactive maintenance 

- Reduced service 
disruptions 

Analytical skill gaps - Shortage of data 
scientists and 
engineers 

- Limited use of 
advanced analytics 

- Establish data science 
teams 

- Implement the talent 
development program 

- Stronger analytics 
capabilities 

- Data-driven decision-
making 

Limited global 
collaboration 

- Restricted cross-
border data sharing 

- Few joint research 
initiatives 

- Cross-border data 
sharing agreements 

- Conduct international 
pilot projects 

- Global information & 
knowledge transfer 

- Access to global best 
practices 

 



 

 

6. Conclusion 

Data acquisition, digitalization, and digital transformation are critical to effective public infrastructure 

asset management. However, challenges such as inconsistent data collection, fragmented systems, 

and limited analytical capabilities hinder the potential of these strategies. By adopting standardized 

protocols, investing in real-time monitoring, and leveraging advanced technologies, governments can 

overcome these challenges and enhance the efficiency of infrastructure asset management. Future 

research should focus on developing scalable solutions to fully integrate data silos, apply emerging 

technologies, and build organizational capacity for digital transformation. 
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