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The 5™

One message: trusted Al begins before the model *IDRLF

Leaders Forum Incheon 20:

Al becomes useful only when data, analytics and governance form one evidence chain

ll“"""lil!:» R LTy PR e == £, i %
s ,,..,_..E AN Four main stage of Ko r e atratsgy
1. Observe 2. Structure
- S IR - Satellite - drone - CCTV - hydrology CRS - time - quality - metadata
-~ _—— ’! S e
Disaster site What information Information extraction Information visualization
information is required can be provided to provide information for decision-making .
for decision-making from the site? to decision-makers support 3. Predict 1on and 4. Govern ance
Analysis H . i
« Image data o Timeafihemodidiont / uman review - provenance - ethics
 Geospatial data « Accident type x GNN - KG - RAG -A agents
* Voice data « Location 1|3
* Text data * Extent of the accident _E« oZ' »
E K

Knowledge

Ko r e multis-source flood -risk context
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The 5"
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Korea has a very complex disaster environment d Lol

A A single rainfall episode can trigger urban flooding, river overflow, slope failures and infrastructure
disruption.

A All kinds of flooding causes severe damage every year

A The response question is no longer only i w h dsr e
the water? o

A Need to understand how rainfall, terrain,
drainage systems, roads, bridges, buildings, and
vulnerable communities interact with one
another.

A Korea is also highly mountainous, and local
disaster data are often distributed across
different organizations.

A This makes it especially important for Al to combine
incomplete observations into one coherent operating
picture

Complex disaster Al = multi -hazard sensing +spatial context +uncertainty -aware decisions

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1 3
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Leaders Forum In heon
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Disaster Al must transform observations into decision intelligence L IPRLE

The most important role of disaster Al is to turn field observations into information that

supports decisions.

01. Flood 02. Data acquisition 03. Flood information 04. Decision-making

Disaster site What information Information extraction Information visualization
information is required can be provided to provide information for decision-making

for decision-making from the site? to decision-makers support

¢ Image data * Time of the accident

¢ Geospatial data ¢ Accident type

¢ Location
i3
¢ Extent of the accident }' J:
)&

Knowledge

* Voice data
* Text data

From field data acquisition to decision support

Field observations answer what happened,
where, when, and how severe.

Al has a major advantage because it can
process this information quickly and over
large areas.

We need geospatial analysis and physics-
based or analytical models to validate and
interpret the results.

We need one connected process from data
acquisition, to information extraction, to
knowledge, and finally to decision support

Data acquisition Y information extraction Y knowledge Y decision support
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The 5™

Al approach: multi -scale sensing + analytical validation + Al agents SIDRLE

eaders Forum Incheon

A Each layer answers a different question and has a different uncertainty structure .

Structural Blueprint of the Presentation A Wide-area risk understanding: satellite SAR and

geospatial analytics

A Local evidence : drones, CCTV and 3D
spatial interpretation

A Data foundation: Al-r e adabAl-e Y
understandable Y Al-ready

Introduction to Macro-scale Meso-scale Micro-scale Future vision of . . T
the disaster detection via analytics of integration of Autonomous A Pre d Iction Iayer: a pply predlCtlon mOdels,
management satellite deep crowdsourced CCTV computer Al-agent
paradigm shift learning drone footage vision reporting Kn OW| edg € G rap hS! RAG ’ an d AI ag e ntS
® ® ® ) T?g-r o o - . . .
¢ @ @ Q- @ ale | A Cooperation layer: moving toward connecting

these systems with international disaster-data
platforms
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Al scalability must be bounded by analytical rigor

The 5™

“IDRLF

International Disaster Resilience
Leaders Forum Incheon 2026

A In disasters, speed without trust can be dangerous; trust without speed can be irrelevant .

Core Philosophy of Methodological Synergy

)

p— Reliance on
=, physics-based
Q analytical

interpretability -ﬁ-| 111 i
3% (@) @

{5 =0 e e—m— = S}
e Retention of T
|'i:'| analytical Analytical: Resilient Al:
M methods for o a1
(v} ey Interpretability Response Scalability
iation Physics-based Reliable, accurate floeiime
analytical methods and schiorisbie cogp;:t'::-l:)ynal
e ¥ il

outcomes

Ensures
transparency,
traceability and

scientific rigor
| —

, Synergistic Technical Integration
@ Combining the hs of analytical thods and Al
to deliver reliable, scalable and actionable solutions

Al Is a decision partner,

i
Utilization of Al

'\ forreal-time
P y
computational

scalability

el
T —
Application of
9. Al for mapping
i ] Il speedand
scope

Enables rapid
} processing of

..I large-scale

data

A Use Al for fast information extraction,
large-scale analysis, and
summarization.

A Use geospatial and physics-based
methods for validation and interpretation.

A Keep humans accountable for release,
warning and resource decisions.

not an uncontrolled decision -maker
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International Disaster Resilience
Leaders Forum Incheon 2026

Risk Understanding

Satellite Al and geospatial analytics
for wide-area flood detection

Satellite

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Internatlonal Disaster Restllence

Satellite Al in Korea: SAR is essential during heavy rainfall St

A Optical imagery is often blocked by clouds; SAR can observe the surface regardless of weather and

iIlumination.
. SAR Flood Mapping: Flat vs. Mountainous Terrain — NG R very mountainous
— L m A SAR-specific geometric effects, such as

$ \“\\ Layover /

Distortion

Radar \"‘\\
Look Direction\‘

layover and shadow, can be misclassified as
flooded areas.

5 Radar
... shadow

A Korean approach needs to combine SAR imagery
with DEMSs, drainage information, terrain
information, and Al.

0 Terrain-induced distortion and shadow

0 Relatively reliable flood mapping

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Example: 2025 heavy rainfall in Gyeongnam as atest case T T

Purpose is not simply to classify flooded areas accurately :

Overview Sentinel Platform
B - i~ R o

’

! Q Event background

I 1 i
[} 1 ]
i i e Sentinel-1 SAR scene acquired during the active heavy ! Item ‘ Description
] . . . .
i e Between 16 and 20 July 2025, i :;n;::Lzerlod was used as the primary input for flood i Sensor / Platform Sentinel-1A (C-band SAR)
. 1 8 |
3 South Korea experienced severe i ! Acquisition Mode Interferometric Wide (IW)
! heavy rainfall that caused ! e The original SLC (Single Look Complex) data were ; =T - —
i widespread flood and i geocoded to CSLC-S1 (Coregistered Single-Look ! Polarization VV (Co Polarization) / VH (Cross Polarization)
! landslide damage. ; E s i Complex) format using several ancillary datasets. | Orbit Direction Ascending
3 DEVELOPING STORY ‘gl S % SPECIAL REPORT ; ' w
| ® InGyeongnam province, intense Deadly landslide Flood and slope failure ':: ;‘;ynriz'snalsgves ficguisitionilime 19.Julyj2025,18:23IKST
| i i . .
i rainfall affected mountainous after torrential rain hit rural communities missing persons Path /Frame sa/gny

and river-adjacent areas.

]
]
: 24-Hour Rainfall (mm)
1 2025-07-19 00‘:00-2025-07-!9 24:00 (KST) 3 i ey S R S ————- - Key data - -
: Category Values Source e | Desarpton |
! SAR St Sentinel-1IW SLC
! Total damage KRW 1.0843 trillion MOIS Press Release (Aug. 2025) cene iy
) Orbit File Precise orbit ephemeris (AUX_POEORB)

Recovery budget KRW 2.7235 trillion MOIS Press Release (Aug. 2025) i

DEM Copernicus GLO-30 DEM
Daily rainfall on Hapcheon 280.1 mm KMA Weather Nuri, Regional lonospheric Data TEC (Total Electron Content) map for ionospheric correction
Uiryeong 214.6 mm Detailed Observation (AWS), Burst Database Spatial database for burst processing
19 July 2025 !
accessed on July 19, 2025 o 3 § S
Jinju 191.5 mm Config File YAML processing configuration

The goal is to turn an Al flood map into information that can be used in a real
operational situation board.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Terrain -aware SAR flood mapping reduces operational false alarms

The 5"

“IDRLF

International Disaster Reslllence
Leaders Forum Incheon 2

Our workflow combines Al-derived masks with HAND and bi-temporal backscatter recovery.

Refining of SAR-Based FIood Mapping in Complex Terrain

l

1. TOPOGRAPHY PREPARATION 2. SAR PRE-PROCESSING 3. ANCILLARY DATA

4. FLOOD GROUND TRUTH

— @ e — (RGN
_’[8 Grou:d Truth } e

Baseline vs Refined |
Flood Mask Comparison

g DEM Sentinel-1 ‘ L YL NGII
) sLC PP Ortho Imagery
— 1T | =
\ Topographic | Sentinel-2
Index Generation | SLC to CSLC-$1 ‘ .
\ —— i, Q Processing ‘
— OPERA algorithm 7
by NASA JPL CSLC:S

{ £ )

. E—

; Fuzzy Logic-Based | CSLC-s1
§ Membership Mapping o GO ! @
\ /

pr
5. BASELINE FLOOD MAPPING

Baseline Flood Mapping
RWVU-Net

=

: )
Performance Evaluation |
v—] against Ground Truth

Baseline ‘
Flood Mask |y

I ‘{ Mean Improvement

(Refined vs Baseline)

_

Hand-based Penalty

> aor © Precision +0.199
b2 :‘ . HAND 6. FLOOD MASK REFINEMENT e Recall +0.051
: 4 Membership ’ e : Refined e F1-score +0.110
TP ask Refinemen
ST 6 Flood Mask | e loU +0.124

Bi-Temporal Backscatter Recovery

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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. . . &
Terrain -aware SAR flood mapping reduces operational false alarms ‘oReE.

Leaders Forum Incheon

Our workflow combines Al-derived masks with HAND and bi-temporal backscatter recovery.

Bi-Temporal Backscatter Recovery

(0 SAR Backscatter Feature Generation (e Bi-Temporal Change Detection Example Results (SAR Imagery and Masks)

Generate robust backscatter features from pre- and Detect potential water changes using multi-feature Pre-event SAR (VV) Co-event SAR (VV)
co-event SAR images. analysis and change detection. PRI X R i

¥ A
W’ Backscatter ratio
- ‘J/
% 'F" ‘ Backscatter difference ' /;
=/

Pre-event SAR

Change map
(t;)

Change
Detection

k,/lefgré‘nce

Co-event SAR
(t2)

(e.g, RF / U-Net)

Backscatter decrease map a8 Baseline seed mask

i Otsu Thresholding ;/' Seeded Region Growing

Determine an optimal threshold to extract reliable Refine flood mask using seed points and spatial
water candidates. constraints.

Otsu threshold

Non:water (land Seed points
orbwaiten(land) (from thresholding) Refined flood mask

40,000 7 mm water Water candidates

1
1
|
1
] I
§ 30,000 ’ , H Region
S | ! Growing
g 20,000 ‘ ' - (with spatial
a 10,000 : constraints)
| : Radiometric candidate N
0+ sy T T [ Refined flood mask
-25 -20 -15 -10 R 0: .55 10! 20 km
Backscatter change (dB) i Studyarea

Key idea is not to replace Al, but to improve its reliability by adding spatial and physical constraints
to the Al result.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Deep learning can accelerate extraction of inundated areas S

Flood Damage Analysis Workflow Using Sentinel-1 SAR Imagery

AR 8 r

1. Acquisition of Sentinel-1 SAR Imagery 2. Deep Learning—-Based = /3. Overlay of Analysis Results witﬁ\_h
over the Nakdong River Region Extraction of Flooded Areas _—| Normal Water Levels B

N :
P
for

7 t:_:".j» '_-}‘._:' M = :--.-'
[] Dpistrict Boundary 250 500 750 1,000m
[ Normal River Extent

Il Deep Learning-Derived Water Bodies

Al makes it very useful during the early stage of situation assessment.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Result: Al flood masks become more useful by terrain logic R R

A The most important issue is not only how much the numerical accuracy improves
A A more practical question is how much we can reduce false alarms that may confuse field operations

Results Evaluation

oron | RE &

1RO ff
o

i ROI3 |4 '%,

(Baseline -> Refined)
el Precision Recall Fl-score loU
ROI1 0.721 - 0.914 | 0.571 - 0.618 | 0.638 - 0.737 | 0.468 -> 0.584
ROI2 0.588 - 0.800 | 0.587 - 0.659 | 0.588 - 0.723 | 0.416 -> 0.566
ROI3 0.630 > 0.822 | 0.565 - 0.598 | 0.596 - 0.692 | 0.424 - 0.529

Average 0.646 - 0.845 | 0.574 - 0.625 | 0.607 - 0.717 | 0.436 - 0.560

A Using terrain information, we can reduce
scattered false detections in mountainous
areas while preserving the major flooded
areas along river corridors.

A This helps field teams decide where to
inspect first.

Al +terrain logic Y fewer false alarms Y faster decisions

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Early Warning &

Local Evidence

Drones, CCTV and 3D geospatial
intelligence for more detailed local
information.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1

The 5™

“IDRLF

International Disaster Resilience
Leaders Forum Incheon 2026

CCTV
Observation

Drone g -~

Observation > “q;

= Fixed cameras

monitor water
levels and

boundaries in
real time

Aerial imagery
captures large-
scale flood
extent

Analysis
Extract flood
information
from drone and
CCTV data

Integrated Flood Detection for Rapid Response Q @ 0Qo
[da
Combines large-scale flood extent from drones with real-time water boundary =
detection from CCTV for accurate situational awareness and faster decision-making. Early Alert Targeted Enhanced
Response Safety
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Meso-scale Al. drones footage fill observation gaps R

Local imagery helps responders see places that fixed sensors or satellites cannot capture at
sufficient detail .

Drone-Based Flood Analysis Workflow

-

0 Input Data 9 Frame Extraction e Georeferencing

e Flood Elevation Estimation

g

sation (m)

Estimated Water Surface s

3

8§ . 588383

2 o N
83838338

A Smart frame selection removes redundant or low-value footage.
A Object and boundary detection help locate damaged roads, flooded zones and blocked access points.

A Georeferencing turns visual evidence into mappable operational information.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1



Optimized through smart key-frame selection from video data

Importance of frame selection

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Optimized through smart key-frame selection from video data

Importance of frame selection

Fixed interval frame selection

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Optimized through smart key-frame selection from video data et R

Schematicworkflow for frame selectionpipeline

Video frames

81% 799, Pyramld Blending

- = - = - Y A L o= \_“;‘:E;
. 7 J Y o

* Panorama
generating

ol 4 '
R !
ey
i llllllllllllllllllllllllllllllllllllllllllllllll |
i
i
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Optimized through smart key frame selection from video data R

Schematic workflow for frame selection pipeline

Orthoimage improvement

Orthoimage from fixed frame interval

Orthoimage by optimum frames

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1 14



Optimized through smart key frame selection from video data

Flood Extend Detection

ooooooooooooooooooooooo

Ground Truth (Manual) U2T Net ( The

accuracy
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Optimized through smart key frame selection from video data

3D Visualization of Flood

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1




Micro -scale Al:

CCTV detects local flood boundaries

The 5™

“IDRLF

International Disaster Resillence
Leaders Forum Incheon

Fixed cameras provide continuous monitoring at critical urban nodes, underpasses and roads.

Dynamic Detection of Edge Boundaries Using CCTV

-

CCTV Al turns ordinary surveillance

Background and Motivation

e Recently, urban flood damage caused by localized torrential
rain has increased rapidly.
e Because CCTV is widely installed for real-time monitoring,
it is one of the most useful sensor types for situational awareness.
e Existing research has mainly focused on reference objects
or river water-level monitoring, leaving a need for direct
flood-boundary detection in urban areas.

CCTV status of metropolitan cities
and local governments

DATA.GOXR

+ Public data portal

* 133,966 locations

* CCTV location: WGS84
longitude, latitude

Je)ek 8.0y

9 How can CCTV images be used for extracting
critical information?

e How can flooding be detected using CCTV images?

e How can flood-level information be extracted from CCTV data
installed in urban areas?

* How can the expected range of damage in the surrounding area be
estimated despite the limitation of fixed cameras?

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1

( Analysis Workflow

C] Main analysis

Existing dataset CCTV data

INPUT
. — = —
S S e ~ 3 - \
g Estimation of Incident detection Flood level ( Estimation of |
4 camera parameters and categorization monitoring | damage area
o V) | - —_
o
o
o Depth image Time window-based
(2] monitoring
o generation L )
= v
<
z Incident detection
<
Depth image generation

i "

infrastructure

[ |

Flood level Potential

‘ o Depth image ‘ | Incidert category, ’WV‘ extraction damage area
\

into a real-time disaster sensor network.

15



Micro -scale Al: CCTV detects local flood boundaries

Dynamic Al Flood Incidence Detection Using CCTV Video Data

—— Infrastructural damage
Damage to natural landscape

9879 —— Fire damage
@ —— Flood damage
Sosd Vehicle damage
w
1)
o
[ =
S 0.4
=
c
<]
o
0.2
M
0.04 b bdin
0 2000 4000 6000 8000 10000 12000
Frame (s)
(a)
sopop { —— Infrastructural damage A
Damage to natural landscape
—— Fire damage
400001 —_ Flood damage
—— Vehicle damage
30000 -
v
=1
o
(73]
20000 -
10000 -
o 4
0 2000 4000 6000 8000 10000 12000
Frame (s)
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Flood incidence detection at the same time with flood boundaries
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Micro -scale Al: CCTV detects local flood boundaries s SR regenee
IMAGE-BASED LOCALIZATION
Initial setting Edge detection and integration Incident detection
1) ROI setting for interest region based on vertical e Edge detection . . ,
Ratio of edge pixels Difference from
structure : in sub-window slope_init
2) Setting the initial starting point for flood level * Canny * DexiNed :
tracking T — Slope(k)
3) Information on the slope of the boundary line —

between the ground and vertical structure
4) Setting moving window for analysis

e Multi-frame integration Calculate W Sub-window
with maximum W value

for sub-windows 14/
e ADD e PCA * Thinning

>

Update center point

MOpUIM-GNS
<

Initial center pgint”

—

Slode init
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From video pixels to flood intelligence: segmentation and 3D

-iIr
g |
- f

projection
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