|

) <

The University of Osaka
Institutional Knowledge Archive

Development of a Data-Driven Approach to Road
Title Asset Management in Cambodia Based on Pavement
Condition Assessment

Author(s) |Sovanneth, Nut

Citation | KPrKZ, 2026, {Et:m

Version Type|VoR

URL https://doi.org/10.18910/105472

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



Form 3
Abstract of Thesis

Name ( NUT SOVANNETH )

Development of a Data-Driven Approach to Road Asset Management in Cambodia Based on

Title Pavement Condition Assessment

(I RO TICB T 2 EHERRETHEC JE -5 < 77— & BRENI IS B e 8 B 15 00 B 56)

Abstract of Thesis

Developing countries such as Cambodia face significant challenges in implementing effective road asset
management due to limited resources. Consequently, optimal maintenance planning across road networks is
rarely achieved. Addressing this issue requires the design of an efficient, practical, and sustainable framework
aligned with local policy. This framework shall integrate key components, including data acquisition, condition
evaluation, performance modeling, and maintenance program design under budget constraints. This dissertation
develops a scientific framework to support Cambodian road administrators in informed decision-making,
optimizing outcomes, ensuring resource efficiency, and enhancing transparency in long-term infrastructure
investment. The framework emphasizes Al-based pavement data collection, structural condition assessment, and
maintenance and rehabilitation (M&R) optimization using a comprehensive probabilistic prediction model that
accounts for the inherent uncertainties in infrastructure performance.

The thesis is structured into seven chapters. The core scientific contributions are presented in four key
methodological chapters (Chapters 3 to 6), which together form a cohesive pavement management framework, as
summarized below.

Chapter 1 highlights the critical role of road networks in economic growth, connectivity, and regional resilience.
It identifies a major challenge faced by governments worldwide: the persistent gap between limited public
resources and the substantial investment required for transport infrastructure and maintenance. This
underinvestment, particularly pronounced in developing countries, leads to progressive infrastructure
deterioration, compromising safety and efficiency, and necessitating a paradigm shift in road administration.

Chapter 2 presents an integrated modern pavement management framework built on three pillars: (1)
data-driven condition assessment; (ii) advanced deterioration modeling employing deterministic, probabilistic and
machine learning approaches to forecast future pavement conditions; and (iii) integration of these predictions into
a Pavement Management System (PMS) to optimize maintenance decision-making and resource allocation.

Chapter 3 introduces the use of the Segment Anything Model (SAM) for accurate segmentation from simple
bounding box prompts, leveraging its zero-shot capability for generalization. To create an end-to-end solution, the
framework integrates YOLOvVS for automated crack detection, eliminating manual annotation, and applies local
refinement techniques to enhance mask precision. Moreover, Optical Character Recognition (OCR) is used to
extract embedded GPS coordinates for geospatial mapping, improving data management and integrity.

Chapter 4 defines structural thresholds derived from Falling Weight Deflectometer (FWD) data using a
stochastic deterioration modeling approach. The Markov hazard model predicts surface roughness deterioration
by incorporating structural indices such as maximum deflection, effective structural number, subgrade resilient
modulus, and deflection bowl parameters. Data from asphalt concrete (AC) and double bituminous surface
treatment (DBST) pavements are analyzed to establish thresholds at set failure probabilities: Sound (0-50%),
Warning (50-75%), and Severe (75-100%). This approach allows road agencies to evaluate pavement conditions
and optimize maintenance strategies without advanced mathematical modeling expertise.

Chapter 5 focuses on defining FWD testing intervals based on failure risk and prioritizing critical road sections.
The mixed Markov hazard (MMH) model captures deterioration progression, with a probability of reaching
critical thresholds guiding testing intervals. A multi-criteria decision-making (MCDM) framework identifies

critical sections by combining surface deterioration and other evaluation criteria, enhancing FWD application




efficiency, reducing unnecessary testing, and directing resources to sections requiring immediate attention.

Chapter 6 develops an integrated framework combining a deterioration prediction model with a genetic
algorithm (GA) for cost-effective M&R planning of flexible pavements (AC and DBST). The GA schedules
multi-year interventions considering deterioration rates and budget constraints to maximize pavement
performance. The MMH model simulates condition transitions influenced by pavement capacity, traffic, and
environmental factors, using Bayesian inference via Markov Chain Monte Carlo (MCMC) to estimate
deterioration rates and lifespans. This framework enables data-driven, sustainable infrastructure management
and optimal fund allocation.

Chapter 7 concludes that a fully integrated, data-driven pavement management framework is achievable and
effective even in low-resource environments. The research provides a foundation for future advancements in

sustainable infrastructure management.
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