2025 Digital Columbus Project
Development of digital innovation technologies for rapid prediction of potential complex disasters and continuous
disaster prevention

Complex Disaster Management System — JAVIS(Joint Autonomous
Resilience Virtual Intelligent System)

Development of a hierarchical agentic Al-based digital twin platform for complex
disaster prediction and response

2025.03

Al - Digital Twin Research Center
Dong-A University
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Complex Disaster

Disaster Impacts Model*

Emergency management interventions

Pre—impact
conditions
Hazard mitigation Hazard Recovery
s preparedness preparedness
Hazard exposure
. . l l Physical Social
Physical vulnerability T T % impacts impacts
Social Improvised Improvised
vulnerability D Hazard Disaster Disaster
event
response recovery

Event-specific conditions

* source: Disaster studies, Michael K Lindell(2013), Sage Journals



Project Necessity

Complex disaster response platform for knowledgeable, trusted,
autonomous, intelligent digital twins for federated data, real-time
forecasting, and rapid operations.
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The demand for R&D challenges

[The demand for R&D challenges]

Complex disasters require knowledgeable, trusted, autonomous, intelligent digital twin complex disaster response platforms

for fused data, real-time predictions and rapid operations

To-Be @ Knowledgeable complex disaster data

Ministry of saster response status repol As-ls C . H 1 T H .
& Oceansang . SeTresponsestatusreport Clee - It is essential to effectively integrate various data for human-level
= Fisheries Historical inundation traces 'ﬁ s .
voren J e A, . disaster understanding and decision—making.
E Meteorological - - - e e > -.:o°,° .. ° . - @ . . . . .
=% Administration: [EREEE C U R U Lo - Multi-source information, such as weather, satellite, and traffic
Disaster Safety Data :f:‘ At o e il > 1@ :
BB o undationprediction of\ TP Te data. Knowledgeization with Fusion Data by Disaster Type
W aeg T EESEEEEE R ” Safetydata.go.kr o ¥ " &
Causal (Ontology — Knowledge Graph)Technology
= Flood Control . _ _ _ _ i Ifmf '_'s'_( D
= °0ffice " Flood warning i KﬂOWledge
Graph

Ontology  occsensorthing apt Semantic 3D City CityGML
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The demand for R&D challenges

[The demand for R&D challenges]

Complex disasters require knowledgeable, trusted, autonomous, intelligent digital twin complex disaster response platforms

for fused data, real-time predictions and rapid operations

® High—confidence = multi-agent-based Rpyje-Based Systems As-Is | | Agentic Al To-Be
- - - \
complex disaster prediction 15N
- Predicting future based on the likelihood of complex disasters and / \
simulating various scenarios.
- Ensuing high reliability through extensive simulation and modeling 1 l

based on digital twin technology.

Al-based prediction with poor explainability and low reliability High-reliability multi-agent-based complex disaster prediction
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The demand for R&D challenges

[The demand for R&D challenges]

Complex disasters require knowledgeable, trusted, autonomous, intelligent digital twin complex disaster response platforms

for fused data, real-time predictions and rapid operations

T ke ©®  Collaborative agentic Al-Based
action

Zc - autonomous operation
3 -.% Components of § ﬁ
§ § ? smc‘,g::f i S o - Limitations of fragmented and inefficient decision—-makling

: )
§ fé’ architecture @g based on human resources.

Multimodal - Agentic Al-based autonomous operation technology enables

perception

Limitations Human-dependent disaster Collaborative Al-based Autonomous operation

rapid, accurate, and collaborative disaster risk minimization.




Objectives and contents of research and
development projects

Development of a hierarchical agentic Al-based digital twin platform for
complex disaster prediction and response
Complex Disaster Management System - JAVIS (Joint Autonomous Resilience

Virtual Intelligent System)
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28 Goals, Objectives, and Outcomes of the R&D Project

Response
Decision Stage: Stage: Integrated
Early Stage: ) 9 9 9 ]
, Uncertain Fragmented Response:
Can't Respond . .
decisions response Not possible .
ZH Single Composite H |gh'|everage

system gh-
Disaster continues for 30 v _ principle
min to 2 hours — becomes a 15m 1s  30s 1:29:300
On fire it major disaster . ._. Prevent complex
Wi them % "n" h Autonomous Processing disaster spread
Response Speed

- Major disaster

- Building collapse B

- Explosion and blackout in _ _ : Integrated management and
nearby area Single response services: . Agentlc Al reasoning of complex disasters
- Expansion of disaster- - Fire: Fire department
affected area - Traffic: Police department . - Respond to secondary disasters via self-integrated
- Subway and traffic situation management
paralysis - Prevention and minimization: Prevent spread of
On fire secondary disasters
With 100km n

= - Knowledge Context data

g Fire break out _ S"F’Ed data_ coIIectlo_n - Fire status: Building density, flammable materials,

e (Haeundea building on fire) - Fire alert information population density, risk factors, etc.

&2

@




Complex Disaster Scenario :
Busan Subway Fire Accident Expected Respone Strategy W Busan Centum City )\

vose 29.585 poopis 2012 5.19 millioncas of 23y)

U2Dong Population Haeundea—_gu _P(_)pulation _
Centum City Center H_anlfed 1_#1 in living populat_lon among all
Population districts in Busan Metropolitan City
58,843 peopler oo B e
b} p p e( 2312) ..E== ) Haeundae-gu Weekday
Subway daily(3.54%) " mmma - a:p . Fasin opi 336,81
— Daily boardings and alightings at

Centum City and Bexco stations

Major
Landmarks

Busan Centum City
High—Tech Industrial Park

On the banks of the Suyeong River in Haeundae—gu, Busan
(350,000 pyeong) a high—-tech complex industrial complex
with functions such as information and communication,
video, entertainment, and interational business.

Primary Resisdences: Centum Star, Trump World Centum |, Worldmark Centum,
WBC The Palace, Forrena Centum City

Main Office: Busan Information Industry Promotion Agency, Busan Design Center,
Busan Creative Economy Innovation Center, DIO Headquarters, etc




Complex Disaster Scenario

Subway Fire based Multiple Disaster A

Scenario

Busan Subway Fire Accident Expected Respone Strategy

S ey
iy
RRR - RFN

Bt?s‘,;n Cetum City

12:00 * Due to building wind effect, fire
. spreads to high-rise buildings.

Fire Spreads » Congestion worsens due to

On Large lunchtime crowd

Scale * Full closure of Centum City area

e

10:00 Fire Breaks i
Out |
* Fire occurs at the platform
Busan Subway Centum City
Station
+ Initial cause assumed to be
electrical arcing
* Smoke spreads rapidly,
passengers begin evacuation

10:10 Fire Spreads

+ Fire spread through station entrances and
ventilation ducts

* Spreads to facilities and shops inside station

+ Cititzens begin emergency evacuation and call
the fire departments

12:30 * Fire in apartment complex leads to total

High—Rise building engulfment
* Traffic paralysis inside Centum City

Buildings

. delays rescue
Beginto . Collapse begins: 2 Disaster starts
Collapse

11:00 Fire Enters Critical Phase

* Partial closure of Centum City Station
» Damage begins at the department store

« Fire spreads through underground
connections between department stores

=LC

10:20 Fire Department Dispathced

* Busan Fire Department dispatched
urgently

+ Dififcult to access underground due
to smoke and heat

* Surrounding roads closed off

13:30 ﬁ’;;,.;n

Collapse of High

Rise Building

+ Collapse of aging
structure

* Building leaning

* Emergency system
breaks down

* Uncoordinated
respone

* Compound disaster

occurs

10:30

Department Store

as Risk

* Fire spread via
underground passage to
Shinsegae Department
Store basement

 Evacuation broadcasts

and guidance begin



02 Goals and Content of R&D Project

SR IS THSS ISHAISE Agentic Al 7|2t
ElxIE-I E°|—EHE7HH|'

—=2A0

©

| Autonomous
g 5 Layer
S &
52
2 o
I3 Digital Twins
é ié Layer
o
b5 Knowledge
§ . Context
= Data Layer
© s
T o
5o
s
2
Raw Data
Layer
Urban

Environment

Development of a hierarchical agentic Al — digital twin platform for complex disaster prediction and response

Complex Disaster Management System —JAVIS(Joint Autonomous Resilience Virtual Intelligent System)

Complex Disaster
Solution

Real-time Autonomous Disaster Mana

~

Oﬂﬁ Complex Disaster Scenario

Modellng & Simulation

Knowledge Framework (@)

EJAVIS

gement

Agentic Enhanced Learning

— ®

<« .

Agentic AI
Complex Disaster Inference

Knowledge Fusion Data

Fusion Data Generation / Operation
Technology Framework

Knowledge Network .
Complex Disaster Knowledge Context

SR O— — ——f—';i“/%\

Decision Policy
Knowledge DB

Expert
Knowledge DB

Knowledge DB

Ontology—based Plug -in Knowledge Data Converter (Sensor-SensorISensor-SpaceISpace-Space)

OGC sensorthing API Semantic 3D City Data NGSI-LD Agent NGSI-LD Agent
A A A A A A A A A A A A
[ 1 [ | ( 1 \ * | | |
Weather Di: A Publi
Status, Time-Series Sensor Data Urban From Spatial Data cather 'saf;::a e Other Historical Data !
ire Detection smoke sk Detasilon BIM SLAM 3D i As-IS
e e A‘::;:r':';r Bt Detection” =2 DATA DATA DATA Wheather Traffic Video DB/SQL

Iili Creativity

- Integration and transformation of Plug-in
type knowledge data

- Agentic AI - Digital Twin integration for
real-world analysis

- Optimal decision-making based on
cognitive judgment in complex situations

Innovation

- Complex disaster response

- Agentic Al - Digital Twin simulation

- Generation of Expert Knowledge data
- Optimal disaster response policy and
cross-verification through RLHF-based
multi-layered knowledge

Challenges

@

- Expert group-level situational awareness
- Fast and accurate complex disaster
prediction and response

- Through optimal decision-making



Autonomous Collaborative Intelligence & Verification Autonomous Cognitive Response

y MoE RLHF/GRPO
Autonomous Complex Disaster/Environment g o ificati Autonomous Verification
- ynthetic Dataset Verification
Autonomous Disaster Cognition, PPO/DPO/GRPO, Multi~Source Leaming Model System
Collaborative Management Semantic Collaboration and Verification
Simyl_atiqn & Mutual Response Collaborative Al Knowledge +
Verification - o ~ Agent Leaming Knowledge
Autonomous Cognition, Verification, Evaluation Combination
i i i ! Distributed Multiple Al Agents for Realtime Prediction Mult-Agent Inference
Simulation Generation Collaborative Layer d p g 0] dictio
Layer (Multi-Agent Al Orchestrator)

Context Aware Inference

Simulation Hierarchical Al Agents : Composite/Spatial Inference & Human Agent Knowledge DB
. ) semantic realtime Al Large Model (LCM/LAM/LWM)
Hosting & 3D Tiing prediction Context Aware Complex Disaster Meta Knowledge
Realtime Web Visualization Ontology Leaming LAM & LWM Model
Physical Engine based Spatia-Human Machine +
Simlation Knowledge Inference / Leaming Composite Task Machine
Sl o Eaie Combination
Multimodal data Knowledge Layer Knowledge Context Framework Knowledge Context D&
generation GeoSPARQL OWL, ROF
SLAV-BIM 30 City Model Context Awareness BigData Context Analysis Sensor/3D Scene Graph Sori G e
Svrthetic Dat M'tyllt. © d:J Knowledge Knowledge Context Broker Graph based Streaming Neod / RAG/TAG
yninetic Uata Mullimo NGSI-LD LLM/LMM Model Inference
Dataset Semantic Sensor + Sensor /
Sensor— Spatial + Spatial
Integrated Ontologies of Sensor & 3D City Model Geospatial Combination
Spatial/Sensor/Human Data DB
Open Standardization .
Data La i Physical Layer
Sensor/Spatial Data ¥ ye Smart City Living Lab Semantic 3D City DB
— 7 AloT Sensor Meta DB
Semantic 3D CltyModel Sensing (inference) Data Sensor/ AloT Sensing  Single Task Al (*Og'git I(\4eta I\/Ekr?\(/jiglr?rgent Single Al Leaming Model DB
(CityGML) (OGC Sensorthings API) Spatial System Base Model SRR ’

Information Human)
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Goals, Objectives, and Outcomes of the R&D Project

Strategies

Digital
Twin

Digital Twin
Simulation

Pre—disaster

* Always—on Virtual Simulation

* Converged Data Generation

+ Knowledgeization/Al inference
leaming

» Autonomous Response
Validation

Always on

Agentic Al-powered Digital Twin Platform

>

1st Disaster
event

Subway Fire

* Fire AloT Sensor
* Multi AloT Sensor
* Meta—Analysis
(Building, Roads, Subways,
etc-)

dectection within 1 S

>

Disaster
Forecasting

Fire/Collapse/Explosion

* Knowledge Layer

Specific Disaster/Spatial/Human
Combining Contextual Knowledge
+ Al Inference Layer

Complex disaster forecasting

prediction within 3OS

>

Autonomous
Respone

Initial Respone

 Autonomous Respone Layer
Expert-lelve respone policies
Semantic—-based collaboration
Mutual aid and preparedness
path
Mutual respone by partner
organizations

respone within 1 5 m
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Phased goads, content, and deliverable for R&D Project

S OIS TH 2 15t A Agertic Al 7|5t

Phase 1 (Year 1~2) : Knowledge—-based complex disaster reference modeling and

@ __°
Knowledge—based

Complex disaster fusion data modeling

[Data Layer]

Modeling data type by disaster type including
sensors, 3D city, public, historical information etc.
Multi-srouce fusion data reference model training

[Knowledge Context Layer]

Developing ontology-based plugin Knowledge data
converters and real time data processing models
based on Knowledge Graph

JAVIS prototype development

Disaster Interconnectivity: Semantic Spaces — Informing

Sensor-based Knowledge

[Complex Disaster Space—Sensor Data Modeling]

Multi-model . .
Space—Sensor Generative mdoel Multi-source Fusion
Al Models (NIM. NeMO) Create synthetic data
. " Disaster type
Geil Sensorthings AP! Meta—definitions

[Complex Disaster Space—Sensor Knowledge Informationzation

Space—Sensor Integration Kn
. owledge Context Broker and
Ontology and Complex Disaster :
s s Et Context Interpretation

@

Deliveriables

Digital Twin—based Complex
Disaster Fusion Data
reference model 2 or more
At least 2 knowledge—based
multi-source complex

disaster datasests

CIXE ERSHE

7=
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Phased goads, content, and deliverable for R&D Project

= IS THSS ISt AISX Agentic Al 72

Phase 1 (Year 1~2) : Knowledge—-based complex disaster reference modeling and

Agentic Al-Digital Twin

@

[Digital Twin Layer]
Development of Multi Agent

Prototype Development

Orchestrator and Expert Knowledge
Prototype
3D city model/complex sensor

data/visualization platform development

JAVIS prototype development

Complex disaster prediction and simulation prototype

[Multi Al Agent Orchestrator Prototypel]

Multi-Agent-based
Complex Disaster
Cognitive Reasoning

Multi Al Agents : Complex
Disaster, Spatial Cognition,
Human Cognition

Designing Expert
Knowledge Abstraction

Multi Agent Orchestrator (Magentic—One etc)

[Complex Disaster Simulation]

Data Platform (Fiware)
Visualizaiton (Omniverse,
Cosmos, etc.) engines

Knowledge—based Reference
Simulations

@

Deliveriables

Agentic Al- Digital Twin
Prototype

Speed of Complex
Catastrophe Inference

Less than 2 minutes

x|

O] XX
B E2| S3HE

7=
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Phased goads, content, and deliverable for R&D Project

SRR OIS THSS 21t AISE] Agentic Al 7 [t

CIX|E E2I SSHE L

Phase 1 (Year 1~2) : Knowledge—-based complex disaster reference modeling and

@‘ ®

JAVIS Prototype Development

[Autonomous Layer]
Development of JAVIS (Real-time

Collaborative Intelligent Autonomous
Digital Twin) Prototype through
Expert Group Policy Model Learning
Based on Smart City Complex

Disaster Scenario

JAVIS prototype development

Collaborative Intelligent Complex Disaster Autonomous

Digital Twin Prototype

[Collaboration Intelligence — Expert Group Policy]

LLM/LMM-based complex :
decision—making and execution bmnoﬁrgm ﬁg%?gﬂ%

strategies
[Autonomous verification and response]
Complex disasters on the digital . .
. . . Field Test the Multi-Disaster
twin Establish jtypt.e specific Reference Model
self-validation

@

Deliveriables

JAVIS Prototype

Field Demonstrations
(Smart Cities - fire/gas,
underground flooding, etc.)
40% more automated

complex disaster decision—

making
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Phased goads, content, and deliverable for R&D Project

SRR OIS THSS 21t AISE] Agentic Al 7 [t
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Phase 2 (Years 3~4) : Establish JAVIS Complex Disaster Prediction and Autonomous Response

: Expert Knowledge Base Complex
Disaster Fusion Data Creation Technology

[Data Layer]

Automated construction of SLAM-BIM-
based 3D city model environments and
generation of expert knowledge-based
complex disaster fusion datasets

[Knowledge Context Layer]
Build an expert-level Knowledge Network
framework

System based on Empirical Scenarios

Expert-level complex disaster knowledge network

framework

[Expert Knowledge Base Create Complex
Disaster Fusion Data]

SLAM-BIM - ClityGML Create an Environmental

Automatically Generate 3D Cognitive Complex Disaster
Spatial Environments Multimodal Dataset

Complex Environments: Local, Spatial, and Multi-Sensor

[Expert Knowledge Network Framework]

Deploy Expert Semantic Web Expert Knowledge Graph Model

@

Deliveriables

Digital Twin—based
Complex Disaster Fusion
Data Reference Model 2

or more
Environmental cognitive
multi-source composite 2

or more disaster datasets



=2—1—=2A0

()2 Goals and Content of R&D Project SRS S e IS oA 71

Phased goads, content, and deliverable for R&D Project

Phase 2 (Years 3~4) : Establish JAVIS Complex Disaster Prediction and Autonomous Response

@‘ ®

Multi-Agent Based Complex

disaster Al predictive technology

[Digital Twin Layer]

Development of Complex disaster mutual
ontology,

Physical Al engine—based complex disaster
simulation, Expert Knowledge graph model-
based

Hierarchical Multi Agent Orchestrator
Development and complex disaster

reasoning

System based on Empirical Scenarios

@

Multi-Agent Complex Disaster Prediction and Demonstration ..
Deliveriables

Scenario—Based Simulation

[Multi Agent Orchestrator Complex Catastrophe Inference] [Demonstration Scenario]

LLM/LMM-based Complex Real-time complex disaster e 3 thi
Disastors Export Knowledge _ situational awaraness reasoning Initial detection within
Graph with Causal Reasoning 10s FAR within 10%
[Complex Disaster Demonstration Simulation] Speed of Complex
I Catastrophe
dmﬁ:':of‘:zg ‘l);;?g;s:l)és Early detection and response
Al engine based on empirical scenarios Inferenceless than 1
Genesis, COSMOS WFM, etc.; simulate fire/gas/flooding, etc. minute



()2 Goals and Content of R&D Project

Phased goads, content, and deliverable for R&D Project

@
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Phase 2 (Years 3~4) : Establish JAVIS Complex Disaster Prediction and Autonomous Response

JAVIS Autonomous Operations
Testing

[Autonomous Layer]
Industrial Park Complex Catastrophe

Scenario Based Expert Group Policy Network
Enforcement
JAVIS Autonomous Operations Testing and

Modemization

System based on Empirical Scenarios

Collaborative Intelligence Complex Disaster Autonomous
Digital Twin Testing
[Collaboration Intelligence — Expert Group Policy]

. Understanding the complex
Deploy Expert Group Policy disaster context and mutual
based on LLM/LMM , RLHF B

[Autonomous verification and response]

B W nCe s 2D Simulate complex disaster
Advancing Autonomous . .
0 . response and field testing
perations

% Complex disasters for industrial complexes or smart cities (fire/gas,

flooding, etc.)

@

Deliveriables

[Demonstration Scenario]
Initial disaster response

time 30 minutes or less

Over 60% automation of
complex disaster

decision—making
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Phased goads, content, and deliverable for R&D Project

Phase 3 (Years 5-8): Demonstration of complex disaster prediction and autonomous operation
based on JAVIS, a complex disaster management system

@._..° @

Expert Knowledge Base Automatically Large—scale complex disaster physical world model LWM

_ _ . Deliveriables
Generate Complex Disaster Fusion and multimodal Gen Al
Data [LWM-based complex disaster generation] Spatial Knowledge
[Data Layer] _ .

Large Complex Disaster Automatically Generate ;
Expert Knowledge—-based Complex Physical World Model (LWM) Complex Environment Complex Multimodal Al Models 6
Environments Automatically generate and Expertise Building Disaster Synthetic Data or more
oom_plex dhasile L data§ets ETRICE T * LWM-based multimodal inference model learning, physical )
spatially knowledgeable multimodal Al simulation, and contextual adaptation Expert multi-source
dictionary models
[LCM—based Expert Knowledge Context] complex disaster

[Knowledge Context Layer] _ Automatically generate Expert Expert Knowledge Context— datasets 6 or more
Expert Knowledge network-based disaster Knowledge Contexts based on based disaster interconnection
correlation Automated generation of Expert large semantic models (LCMs) semantics

Knowledge contexts
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Phased goads, content, and deliverable for R&D Project

Phase 3 (Years 5-8): Demonstration of complex disaster prediction and autonomous operation
based on JAVIS, a complex disaster management system

@ __ e @

Powered by Agentic Al Reinforcement

Agentic Al early detection of complex disasters Deliveriables
Learning Real-time complex disaster

prediction [Agentic Al Complex Catastrophe Reasoning] Complex disaster initial

[Digital Twin Layer]

R _ Based on a large-scale Distributed Mutti-Agent detection within 1s to
Hierarchical Multi Agent Orchestrator behavioral model Reinforcement Leaming for
based disaster correlation meta-analysis, (LAM)Collaborative Complex Real-Time Complex Disaster 10s
Disaster Expertise Situation Cognitive Reasoning
based on Agentic Al reinforcement Within 5% of FAR

learning Complex disaster simulation and [Agentic Al Complex Disaster Demonstration Simulation]
. o . Speed of Complex
inference model validation, real-time Response virtual simulation Real~time early detection and
complex disaster early prediction pOWF?':e o5 e E T e Catast rophe | nference 30
ysical Al engines based on empirical scenarios
Genesis, COSMOS WFM, and more; urban-combined—disaster- seconds or less

crowd-response virtual simulation
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Phased goads, content, and deliverable for R&D Project

SRR OIS THSS 21t AISE] Agentic Al 7 [t

CIX|E E2I SSHE L

Phase 3 (Years 5-8): Demonstration of complex disaster prediction and autonomous operation
based on JAVIS, a complex disaster management system

@‘ ®

JAVIS Autonomous Operations
Validation

[Autonomous Layer]

Maritime Urban Complex Disaster Scenario
Expert Group Policy Knowledge
Demonstration JAVIS real-time complex
disaster response operation and

verification/evaluation system operation

Collaborative Intelligence Complex Disaster Autonomous
Digital Twin Operations
[Collaboration Intelligence — Expert Group Policy]

Large Al Model Expert Group Autonom:tnlj(sn S‘?J::té;r:tlon
Policy Knowledge Verification E)I(pnteeroperability

Large—scale Al model for complex disasters (LCM,LAM,LWM)

[Autonomous verification and response]

Digital Twin Complex Disasters

Autonomous operations and Real-Time Complex Disaster
response, Response Field Validation
verification/assessment

Multi-disaster (weather, building, underground) for maritime megacities

@

Deliveriables

Initial Complex Disaster
Response Time Within
15 to 30 minutes

Over 95% automation of
complex disaster

decision—making
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Phased goads, content, and deliverable for R&D Project

1 O Multi-Source Complex Disaster Dataset 1 1 Jm Complex disaster data processing speed §
S

Composite Disaster (Real+Virtual) Dataset Types AloT single sensor (1 second) / complex data
processing (30 seconds)

% Complex Catastrophe Prediction Model Accuracy 1 1 5 Complex disaster initial disaster response time &
% m less

Complex environment and complex disaster forecast model (Self-validation — disaster response) Response time

accuracy (FRA within 5%)
1 K Number of concurrent Al agents & % Level of automation for complex disagger
Concurrent processing of agents on Multi Al Agents Orchestrator % deC|S|0n_makmg

Decision automation ratio (number of Al Agent decisions / total

\/ number of decisions)x100

N\

JAVIS Complex Disaster Autonomous Response — 1:29:300law Rule of Thumb Detected within 10 seconds, initial response completed within

15 minutes
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Strategies, methods, and implementation systems for
R&D projects

JAVIS Complex Disaster Autonomous Response— 1:29:300 Rule Detected within 10 seconds, initial
response completed within 15 minutes
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JAVIS Autonomous Complex Disaster Response 1:29:300 Rule —

Detect within 10 seconds, complete initial response within 15 minutes

{® Promotion Strategy

Stage 1 (Seed Research)

Real-time Complex Disaster Respone Model
Propose a model to minimize disaster occurrence based

on Agentic Al-Digital Twin integrated complex disaster
system

Securing Global Leading Technology

Lead the core technology of JAVIS for complex disaster
response

Presentation of Real-World Complex Disaster
Case Studies

Provide real-world reference models for complex disasters
in marine-integrated smart cities

- Modeling of complex disaster scenarios
- Design of the JAVIS autonomous operation
framework

’ Stage 2 (Leader Research)

- Predict complex disasters based on real
scenarios
- Build the JAVIS autonomous response system

:Z‘ Stage 3 (Innovative Research)

- Real-time complex disaster response based
on JAVIS
- Verify autonomous operation and response

- Knowledge network reference model for
complex disasters
- Plug-In type data platform technology

- Technology to generate fused data using
Causal Al and knowledge grounding
- Multi-Agent Orchestrator technology

- Semantic-based cooperative Al technology
- Establish cognitive and response systems
for autonomous agents

- Smart Village (Z50/2 =1 e1) complex

disaster reference model (e.g., heavy rain,
typhoon, maritime)

s“? ‘0_%%;

@ Implementation System

Al Digital Twin Software

Lead
Legacy

Develop JAVIS core technologies

Verification Center

ESG Regional Innovation
Resaerch Institute

Joint
Partner

Verification, policy research for JAVIS

grounding
-Fire, smoke, gas disasters in industrial zones

Korea Water Resources
Corporation

BV X e E-HMarine Integrated Smart Ci

- Complex disasters in super-tall buildings,
underground/aboveground, densely
populated coastal cities

Gorea Industrial Complex Corporatioa

Marme Integrated
Smart City

( Haeundae Marine City/Sentum Area J

Korea
Busan

Busan Fire Meteorological o
Organizations Metropolitan 2 g. and Safety
Department Administration
Government 3 Headquarters
(Climate)

National
Maritime
Research
Institute

National Police
Agency

Venture
Companies

J (Denmark Digital Lead)

( wome )




()3 Strategies, methods, and implementation systems for R&D projects sz amnsk

—_—i—=2A0

Organizer Competencies

@ Establishment of the Digital Twin Testbed

- Ministry of Science and ICT, “Digital Twin—based Smart City Lab

Demonstration Complex”
Organized the second part of the project (22~'25)
- Lead Institution (Dong—A University), Joint Institution (Korea Water

Resources Comporation, Korea Institute of Construction Technology,

Korea Land Information Corporation, DI Solution)
* Demonstration site: Eco Delta City Smart Village, Smart City Lab
- Development Contents

(@ Smart city data model prototype development

(@ Establishment of AloT device-based sensing system for each smart

city service
® Utilizing digital twin-based computing data platform and testbed

construction

Virtual space TestBed verification and interworking test

virtual world Korea Land and Geospatial Information Corporation 1

‘anaRas: CityGML  Themati
' Ity ematic .
CityGML Eore Sinitiile ADEs 3DCityDB
CityGML CityGML CityGML/KML/COLLADA
Layer RDB Mapper gITF Importer/Exporter

Knowledge Context Management

Dong-A Uni
(Integrated Ontology)
©
Big Data Context-aware Semantic
Fl AL Context Analysis Applications Enrichment
FiWare
Layer Knowledge Context Broker Graph based
Stream
NGSI Virtual AloT Agent Processing
DI Framework
Solution I

AIoT device-based Sensing System

AloT Layer

Virtual AIoT Model Fiware SensorThings API

Korea Real-time Stream Processing
Institute of

Construction
Technology By-Domain Virtual Sensor

Real World K-Water

Virtual World

Hosting Semantic Data Analysis ~,

& Tiling Sensor Mapping (ML/DL) ok
i ) ) Application

4D Web High-precision Domain Service

Service

Visualization

Visualization

Visualization

Layer

Dong-A Uni

I Insight: Governance, Public, Industrial Ecosystem

Physical Layer

Weather Smart Street Smart 3
> S Real-Time Health
Information Lighting, Smart Management Mariagerient
Platform Real-time Pool, Al Bath Robot, Robot Café, 9

Wellness Center
Unmanned Robot

Water Circulation Center

By-Domain Virtual Sensor

Smart Village Solution



03 Strategies, methods, and implementation systems for R&D projects =¥

Organizer Compete

£ Open standard 3D city model building and sensor integration (Smart Village)

IS THSS 2t AIS™ Agentic Al 7|3

CIX|E E2I SSHE L

—_—i—=2A0

IFC2x3

CityGML2.0 Unity3D
. Temporary/Final - .
IfcEntity PredefinedType Category porary/ti Base Name CityGML tagName |NavMeshBuildSourceTag
licMember Temporary Member Buildinginstallation
IficWallStandardCase Final
IfcWall Final Wall WallSurface Not Walkable
lfcCurtainWall Final
licBeam Temporary Beam Buildinginstallation
IficWindow Final Window Window

Bim 2@ 2 FaTa®
Homs= | B
FME BEH7| sEmEEEE= IHA|| M A& 2 M ---ll---@
CityGML CityGML
Revit IFC CityGML 2.0 CityGML 2.0
(xla|g=g)
QD orar
SketchUp FME HED|
. b, CESILUM
/\ “"3DTiles
Archicad Cesium 3d tiles
AIDTLab Converter
7C 10 CityGML Options GML File List(1) Georeferncing Options Geomferenced GMIL File Lsti0)  CityGML 0 3d tiles Options Converted 3d thesiD
FME path C/Users/compuien/Docum FME path
O 565183
C/Pogram FileFMEfme ms
C/Program Fies/FMEfme e
I ad S SoU Sowse
o £4 Read from source
Latituce
MW path
Longitude
FVIW path 2
Locat Offset Feitygmiz3dtites-triangulacfmw
lowerComer ® middle O upperComer
207 208 re—— Srowse
pe_207_206_kim-dynamic ferer Additional Offset (m)
Browse xjo
Parsmeter mapping
Yo
Parameter mapping z 282
e S Rotate Angle (degres)  unit ratio
--Sourc eDataset_IFC 29.26
Adational scale
output gml path pasameter 07 vh o
—-DestDataset CITYGML 2
s > O inwerse vertex onfer 4 Compress when job done
Add Clear Comvert 1o CityGML Add Claar 'iF«'"'t'*N\; | Add Clear Convert 1 3dtiles Clex
ished processing grup 500 / 1 -

tout)

delFiles/Smartviliagewa,_3_C

computer#Documentsw3d_model_workswModelFiles#SmartViliagewA_8_C_D-207dong_208dong_sddSpace gm

_D-207dong_208dang_addSpace.gmi Job finished

Clear Log

Overriding Base Room with Case—Based Mapping Rules for CityGML Inference

Number of vertices pmcessed: 0 emor 0

Implemented IFC to CityGML to 3DTiles automatic converter

A Semil down sach time the loa is usdsted
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Organizer Compete

‘¢, Combining spatial data (CityGML) + sensor data (OGC Sensorthing)

CH p 1:core | Model [r*]-—>(m) WHERE NONE(rel IN r WHERE type(rel ‘rdf type D NONE( IN nodes WHERE gml Polygo IN labels( OF gml LinearRing IN labels(x)) RETURN p LIMIT 500;
S
Geaph
:
=] ° °
=) -
ime
nnnnn
- [ —
- o N S 29D -9
EF =i
E ovenew
Node labels
= ° a sts__resum(4)  sts_ IndexPoint (5
sts__Observation (2)
—
sts__Location (3)
r
Relationshi p types

Developed Ontology—-based (OWL) Knowledge Graph (KG) generator converter (2025)
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Organizer Compete

O Develop BIM data management (DB) and visualization platforms

gnl_id: UUID_3irmGyS_7vCoxOwsPbdpTYB > RN 1] id: UUID 3irm6yS_7vCoxOwsPbdpTYB 1 l
citygnl_feature_role: boundedBy 7 ‘

R citygml_feature_role: boundedBy
gnl_parent_id: UUID_3ZuSBvOLOHrPC10826F0QQ
—

B gnl_parent_id: UUID_32uSBvOLOHTPC10026F0QQ
gnl_name: Basic Wall:A-W-EX-THK 200 A EBS:2116676
LOD4 level (highest level of detail) metadata results BIM data management (DB) and visualization platform under development (2025)

()3 Strategies, methods, and implementation systems for R&D projects ="

gnl_name: Basic Wall:A-W-EX-THK 200 2 E & S:2116676
citygnl_target_uri: http://www.opengis.net/citygnl/building/2.0 citygml_target_uri: http://www.opengis.net/citygml/building/2.0
is_walkable: false 'is_walkable: false

T

an -



()3 Strategies, methods, and implementation systems for R&D projects sz amnsk

—_—i—=2A0

Organizer Competencies

©® Connecting Eco Delta City Smart Village: Developing and testing various smart city innovation services based on the Digital Twin platform
(Fire, water level, comfort (2025))

Personal Thermal Comfort:
Inference of thermal comfort based on personal characteristics (e.g., clothing

, T T SR Y ™

Fire detection platform Ul based on digital twin Generation and visualization of isosurface based on water level sensor



o
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Organizer Competencie

©® Demonstration of Saha—gu Office Digital Twin

Flre (Smoke) Spread Physics Simulation (FDS)

—=2A0

Saha District Offlce Fire Evacuation Crowd Simulator (In—-house Development)
2025 (Normal)

num of Agent  IIEZE

oo y{efa‘ﬂwe [ Fanion ]
: nts

Real—tlme situational flre evacuatlon crowd simulator (in—- house
development)2025 (normal)
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Organizer Competenc

0@ Acquire high—quality (15-pixel) object detection (fire, smoke, people) AlOT inference engine (Al Sensor) technology

.
Get high—quality human motion state Saha—gu Office Virtual Fire Simulation Simulate early fire detection in a factory
recognition technology (Multimodal Data Generation)

3\




Appendices

Complex Disaster Project Resources



Autonomy Verification
Layer

Real-time Autonomous
Operation Disaster
Autonomous Management
Collaborative

Simulation Verification

Simulation Collaborative
Layer

Hierarchical Semantic
Real-time Complex Al

Generation Layer

Virtual Simulation

Create - Prediction
Hosting & 3D Tiling, Real-time atest
Web Visualization, Physics
Engine-Based Simulation
Complex Gen Al
Integrated Data
Generation nowledge Layer
slam-BIM 3D City Model Interconnected
(Real + Virtual Integrated Knowledge
Data, Multimodal Model) Create Representation
a test

Autonomous collaboration intelligence and verification

LAM-Based Complex Disaster /
Situational Awareness, RLHF
PPO,Ontology Learning for Situational
Awareness
Semantic

Validation of Real + Virtual Hybrid Data
Set Performance

Autonomous Cognition / Verification / Evaluation

Multi-Agent AI Orchestrator
(Distributed Multi-AI Agent Real-Time Prediction)

Al Agents: Complex Reasoning / Spatial Reasoning / Human Agent

Ontology Learning for Situational

Awareness Knowledge Meta LCM / LAM Model

Knowledge Reasoning / Learning

Knowledge Context Framework

BigData Context Analysis
Knowledge Context Broker %ensc;rgl:ezcse ne Grgph
NGSI-LD rap treaming

Sensor / 3D City Model Integrated Ontology

Open Standard Spatial/Sensor Big

Data Layer

Cities, industrial complexes,
oceans/mountains, etc.

Physical Layer

Data
—
Semantic 3D City Model Sensor Inference Data Sensor/Space AloT Sensing Al Base Metadata Modeling
(SensorThings API) Information System Model (Object, Environment, Human)

(CityGML)

I Digital Twin Smart Village / Smart City Lab Commercial Testbed Environment Integration

SIS TS SISHASE AgenticAl 7]kt
CIXIE E9 =2 it

—=2A0

Autonomous Cognitive Respone

MoE RLHF-Based Autonomous
Verification System

Knowledge-Knowledge
combination

Collaborative AI Agent
Training

Multi-Agent Inference

Situational Awareness Reasoning
Knowledge DB (LCM/LAM)

Machine-Machine
combination

Task-Space-Human /
Complex Task

Knowledge Context DB

GeoSPARQL OWL, RDF
Scene Graph DB
NeodJ / RAG/TAG

Sensor-Sensor/
Space-Space
combination

Semantic
Sensor-Space

Space/Sensor/Human Data DB

Semantic 3D City DB
AloT Sensor Metadata DB
Type-Specific Learning Model DB
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