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Brief Description of Research Outline

This research developed a disaster digital twin framework for understanding, reconstructing, and
evaluating hazard-prone environments under extreme conditions. While the original proposal
focused on multi-source data integration and digital twin prediction for disaster resilience, the
project outcomes were advanced through the study of high-steep rock slopes, where accurate
three-dimensional reconstruction is essential for identifying potential rock mass hazards. The
research integrated multi-source spatial data, especially Terrestrial Laser Scanning (TLS) point
clouds and UAV photogrammetry, to overcome the limitations of single-sensor observation in
complex mountainous terrain.

Two major studies were conducted. The first developed a multi-source 3D point cloud fusion
approach for evaluating potential rock mass hazards in high-steep rock slopes. The second
further improved digital reconstruction accuracy by introducing a Transformer-based multi-
sensor fusion method, enabling more complete and precise slope modeling. These studies
support the construction of reliable 3D disaster digital twins by capturing detailed terrain
structures, rock discontinuities, and hazardous slope features. Overall, the research contributed
to disaster resilience by providing data-driven methods for geohazard monitoring, risk
interpretation, and future decision support in complex mountain and infrastructure environments.

Concrete outcomes and social impacts of this research

This research produced concrete outcomes in multi-source 3D data fusion, high-precision terrain
reconstruction, and geohazard-oriented disaster digital twin development. First, the project
resulted in a peer-reviewed conference paper entitled “Multi-source 3D point clouds fusion for
potential rock mass hazard evaluation in high-steep rock slopes”, published in The International
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences. This study
proposed an integrated approach combining TLS and UAV photogrammetry to address data
limitations in complex high-steep slope environments. By fusing complementary point cloud data,
the research improved the representation of rock mass structures and supported more reliable
evaluation of potential rockfall hazards.




Second, the project contributed to the journal article “Accurate Digital Reconstruction of High-
Steep Rock Slope via Transformer-Based Multi-Sensor Data Fusion”, published in Remote
Sensing. This work introduced a Transformer-based fusion framework for integrating TLS and
UAV data, improving the completeness, density, and accuracy of reconstructed slope models.
The study demonstrated that advanced deep learning methods can enhance fine-scale 3D
modeling of complex rock slopes and provide a stronger technical basis for geohazard
identification and monitoring.

The social impact of this research lies in its contribution to safer infrastructure corridors and
more effective disaster risk management in mountainous regions. High-steep rock slopes often
pose serious threats to roads, railways, settlements, and emergency transportation routes.
Accurate 3D reconstruction can help engineers, disaster managers, and local authorities identify
unstable rock masses, evaluate potential hazard sources, and plan preventive measures before
disasters occur. These outcomes also extend the original digital twin concept from urban mobility
prediction to physical geohazard environments, demonstrating how multi-source sensing, spatial
modeling, and visual analytics can support disaster preparedness, monitoring, and resilience-
oriented decision-making.
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Symposium, Seminars and Workshops related to this study.

Event Date 2025/11/8|Host City Xian,China
Conference Name |Workshop on Photogrammetry for Urban Monitoring
Organizers Prof.Bo Han
We have planned a collaborative workshop to share and discuss the very
Overview latest advances in Photogrammetry and foundation model architectures—

with particular emphasis on multi-modal data fusiong for Road monitoring

Total events: (1 )

International Activities (Not necessary if you descri bed already in the previous sections)

Date

2025/11/11| Partner Institution [Jilin University

Activity Name

kick-off meeting

Exchange of
Knowledge,
Meetings

We planned a collaborative workshop to share and discuss the very latest
advances in computer science and disaster-response methodologies

Total activities:(1)
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Brief Description of Research Outline

This research develops and evaluates a Geospatial Digital Twin (GDT) framework tailored to
tsunami disaster risk management, thereby improving preparedness and response efforts. The
methodology leverages state-of-the-art machine learning techniques alongside remote sensing
technologies, specifically Synthetic Aperture Radar (SAR) and Light Detection and Ranging
(LIDAR).

Concrete outcomes and social impacts of this research

A primary scientific outcome, detailed in the MDPI Remote Sensing publication, is the successful
integration of GAN-generated SAR and optical imagery to map building damage. The study
demonstrated that pre-disaster SAR imagery synthesized with GANs can effectively substitute for
authentic SAR data in damage classification. Using advanced Al architectures such as U-Net, the
researchers accurately delineated land cover and extracted critical infrastructure features,
generating reliable segmentation maps. Furthermore, the technology's practical applicability was
validated during the Noto Peninsula Tsunami, as documented in the Ocean Engineering
publication. By deploying a subset of the developed machine-learning and remote-sensing
frameworks, researchers rapidly mapped tsunami-induced damage in the affected regions. This
real-world application demonstrated the framework's operational effectiveness in delivering
actionable data to emergency responders.

The societal impact of this research is profound. By simulating multi-scenario tsunami events
within the GDT, the technology enables bidirectional interaction between physical and virtual
environments to identify vulnerable zones and safer areas. Initially focused on the highly
vulnerable Tanezaki Peninsula in Kochi City near the Nankai Trough, the methodology provides a
scalable framework to improve global disaster preparedness. Ultimately, these innovations
empower policymakers and emergency response teams to make data-driven decisions for urban
planning, risk mitigation, and rapid post-disaster recovery, significantly enhancing overall
community resilience.
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C.Y. Ho, B. Adriano, G. Baier, E. Mas, S. Wiguna, M. Koch, S. Koshimura, 2025, “Integrating GAN-
Generated SAR and Optical Imagery for Building Damage Mapping,” Remote Sensing, vol. 18(1), pp. 134.
DOI:10.3390/rs18010134 (peer-reviewed)

B. Adriano, H. Gokon, A. Mizutani,E. Mas, S. Koshimura, 2025, “Understanding the relationship between
building damage and tsunami inundation due to the 2024 Noto Peninsula Earthquake," Ocean Engineering,
vol. 340(1), pp. 122179, DOI: 10.1016/j.oceaneng.2025.122179 (peer-reviewed)

R. Nagato, I. Karrel San Jose, S. Wiguna, R. Kametaka, B. Adriano, E. Mas, S. Koshimura, 2025,
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Total Publications (3 )

Symposium, Seminars and Workshops related to this study.

Event Date 2025/10/5-9|Host City Shimane
The 9th Asia-Pacific Conference on Synthetic Aperture Radar (APSAR
Conference Name
2025)
Organizers IEEE Geosciences and Remote Sensing Society (GRSS)
Asia-Pacific Conference on Synthetic Aperture Radar (APSAR) is an
Overview international conference devoted to SAR technology development and
applications.

Total events: ( 1)

International Activities (Not necessary if you descri bed already in the previous sections)

Date 2026/2/20| Partner Institution |Western Sydney University
Activity Name Invited special seminar

Invitation of In this seminar, we presented the technologies developed in this research
Researchers and their application to tsunami and flood damage mapping

Total activities:(1)
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