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Introduction (1/2)

• Context and Motivation

▪ Global challenges: climate change, floods, waste 

management inefficiency.

▪ Need for cost-effective and evidence-based decision 

support tools

• Regional Context and Rationale

▪ Asia-Pacific faces water scarcity, floods, droughts, 

and aging infrastructure

▪ Capacity gaps across member States limit adoption 

for policy decisions

Images referenced from https://www.bbc.com/news/world-asia-66197937

Asia floods: Death toll climbs in severe monsoon season

Images referenced from 
https://earthobservatory.nasa.gov/images/147006/excessive-
monsoon-rains-flood-asia

Excessive Monsoon Rains Flood Asia
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Introduction (2/2)

• International Digital Twin Trends and Leading Cases
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Objectives and Alignment

• Build validated digital-twin frameworks with sensors and high-performance computing

• Run pilots for allocation, quality monitoring, and disaster response

• Support evidence-based policy using analytics

Customize to country context for relevance 
and efficiency for member States

Digital twin frameworks with sensor networks 
and high-performance computing

What we are working 

What we want to do
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Technical Architecture (1/3)

• Digital Twins 

▪ Continuously synchronized virtual representation of a physical asset, process, or system 

▪ Ingests live and historical data to monitor state, run simulations, and optimize decisions 

across the lifecycle

▪ Integrate Internet of Things, satellite, hydrological data, and AI to optimize water systems

Real
Integrate 

Virtual/Real
Virtual

simulation

3D Modeling

Analysis
Feedback

Control

Collect
Monitoring

Apollo 13 the First Digital Twin

Image referenced from https://blogs.sw.siemens.com/simcenter/apollo-13-
the-first-digital-twin/
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Technical Architecture (2/3)

• Computing Continuum

▪ Integrated compute environment that spans devices, edge, on-premises data centers, HPC, 

and public cloud

▪ Heterogeneous hardware support: CPU, GPU, FPGA, AI accelerators.

• Pete Beckman; Jack Dongarra; Nicola Ferrier; Geoffrey Fox; Terry Moore; Dan Reed; Micah Beck, "Harnessing the Computing 
Continuum for Programming Our World," in Fog Computing: Theory and Practice , Wiley, 2020, pp.215-230
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Technical Architecture (3/3)

• Artificial Intelligence & Simulation

▪ Estimate flood/landslide risk and lead time

▪ Detect and classify waste in river to estimate volumes and prioritize cleanup

▪ Performance drifts as conditions change, so continual updating is required.

Simulation for Workload planning integrated with AIWaste Detection using YOLO v5
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Case Study: KICT REC (1/2)

• KICT(Korea Institute of Civil Engineering and Building Technology) River Experiment Center

▪ Need for a paradigm shift in river management under climate change

▪ Supporting government policies through ecological experiments, full-scale river experiments, and 
large-scale hydraulic model tests that were previously impossible.

▪ Promoting public technological research and development that is difficult for private companies or 
local governments to undertake independently
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Case Study: KICT REC (2/2)

• Problem Solving

▪ Technological

• Applying Internet of Things, AI technology to solve 

the social problems

• Applying zero-shot Learning to cut data labeling and 

training cost

• Cooperation with Hanbat National University

▪ Empowerment Programs

• Helping others public organizations

• Supporting local educational activities 

• Implemented an inclusive education program for 

children with and without disabilities at REC

• Supported collaboration with local schools and 

community organizations through field-based learning 

activities.

KTNF Edge Server for 
Computing Continuum

Inclusive Education & Community Engagement

Waste Detection utilizing 
VLM(Zero-shot Learning)
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Phased Plans (1/3)

• Phase I — Sustainable Experiment Digital Twin

▪ Apply zero-shot and few-shot learning to cut data labeling and training cost

▪ Couple AI with physics-based models to build a sound experimental foundation

▪ Verify and calibrate against River Experiment Center runs

Case A B C D E

Image

Result

Water Plastic container Plastic bottle Buoy Floating wood debrisWhite Styrofoam boxHuman Gas cylinder



Upstream Midstream

Downstream



Realization of the River coexisting with Nature & Human

Phased Plans (2/3)

• Phase II — Expanding boundaries

▪ Open the Digital Twin solutions and experiment 

environment for secure remote use by partner countries

▪ Enable remote parameterization, scenario runs, and result 

sharing to save field effort

Experimental validation of pollutant dispersion modeling 
in a meandering channel, in cooperation with US

Analyzing flow characteristics of a full-scale river with 
vegetation patches, in cooperation with US, NL, and 
FN
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Phased Plans (3/3)

• Phase III — Accelerating outcomes

▪ Inbound program: invite policymakers 

and engineers for guided solution 

building

▪ Outbound program: open a common 

platform to grow a multinational 

ecosystem

▪ Develop reusable standards and 

reference simulation models for water 

Digital Twin use cases

International Standards

3D Modeling
Experimental 

Parameter and Results
Computational 

Model 
…

Interoperable Foundation 
(Common Computing Environment: HW, SW, Infra)

Model 
from member 

State1

Model 
from member 

State2

Model 
from member 

Staten

…

Problem Solving Eco-System for Climate Change

Empowerment 
Programs to 

Accelerate outcomes

+
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Summary

• Problem

▪ Costly and slow physical river experiments

• Solution 

▪ A digital twin deployed across the computing 

continuum that cuts time and budget while 

preserving fidelity

• Plan

▪ Three phases from lab validation to regional 

scaling

• Outcomes

▪ Pilot proof, capacity built, reusable standards, 

policy uptake
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