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Taiwan International Water Forum 2025

Al 2.0 FiZ% . BRAALEESBEAIER
Turning General Intelligence into Domain Experts in

the Al 2.0 Era

2025.10.28

SEARBIARREEREMNR B R
Bﬁ 12 1‘2 Distinguished Professor, National Taiwan University
BEEFMAZEAIARGER Al Fib EiE

Chuin-Shan (David) CHEN Director, NCREE-NTUCE Al Center

dchen@ntu.edu.tw BAEE ATR
CEO, NTU INSIGHT Center
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Al 1.0 (1980 — Now) Al 2.0 (2021 — Now)

Single or narrow tasks — one & Versatile multi-task models
model solves one problem ~ approaching human capabilities

’) Requires large labelled datasets & Foundation models pre-train on
and supervised learning massive data then fine-tune
Discriminative Al (e.g., AlphaGo, .g, Generative Al, LLMs, Agentic Al (e.g.,
Tesla Autopilot) ChatGPT)

< LLMs officially pass the Turing test
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Rebar Assembly Inspection

Image source: GPT-40 / The Rundown



https://www.trackingai.org (2025.10.12)

OpenAI GPT 5 Pro Mensa Norway quiz

IQ: 143 (human average 100) =,
1 of 333

50 60 70 80 90 100 110 120 130 140 150
Average 1Q
. Claude-4.1 Opus (Vision) &; Claude-4.5 Sonnet (Vision) ‘ Claude-4.1 Opus wz,; Claude-4.5 Sonnet | Mistral
Llama 4 Maverick (Vision) tm Gemini 2.5 Pro (Vision) Z Gemini 2.5 Flash Thinking. t Gemini 2.5 Pro GPT-40 (Vision)
GPT-40

@ Bing Copilot %5 Manus g Perplexity (" DeepSeek R1

Q" DeepSeek V3 @ Llama 4 Maverick @ Grok-4 Expert Mode (Vision) Grok-4 Expert Mode nﬂni.'... GPT-5-Thinking-Vision

E.. OpenAl GPT 5 (Vision) :i OpenAl GPT 5 Pro ,.:5,. OpenAl GPT 5 Thinking “5" OpenAl GPT 5

\;'%.. OpenAl GPT 5 Pro (Vision)
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Turning General Intelligence
into Domain Experts?!
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° o . | i+ « Vector
Limiting i Powerful documems | = || -T%> | Embedding | - T¢* > { | da'rabase} |

model
l " " pm———
s s S I Similar
: data source i s @ Slsn;:]lﬁz;:y o ¢ | documents
| o SEh % Y
: H RAG S % ----- > | = =
: v Encode N\ A E
Prompt—» @ —> Output . Prompt — @ — Output — Prompt
! <€----- <«—----- +
fixed-knowledge i fixed-knowledge ? 6 Query
LLMs : LLMs Response LLM

* Retrieval-Augmented Generation (RAG) allows the language model to
access external information sources (such as documents or databases).

 The model then uses the retrieved content to generate responses.

* This ensures its answers are grounded in real-world knowledge and
context, not just its pre-training data.

e As aresult, it reduces the likelihood of hallucinations—i.e., the model
making up incorrect or unsupported facts.

Source: Daily Dose of Data Science
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External Knowledge

Required
A
Modular RAG ———————
: Organic combination of N
gl { multiple m°du'es\ | \\ C Retriever Fine-tuning )
| \\ : I ///
1 \\ i ' /, B
Advanced RAG 1 . Y _/ e ( Collaborative Fine-tuning )
Index/pre-retrieval/post-retrieval % % : S
optimization N %
- . gmn i Allof the above
I = ! e
] =0
Naive RAG J— RAG : \‘( Generator Fine-tuning )
Add relevant contextual .
paragraphs '
; \
e TR - A
XoT Prompt Prompt Engineering
e.g. CoT, ToT /,,/—""//" 7
(Few—shot Prompt)’ //
Low A - -( Standard Prompt )
2 Model Adaptation
> Required

Low

Gao et al. "Retrieval-augmented generation for large language models: A survey." arXiv preprint arXiv:2312.10997 (2023).

High



LLM-Powered Autonomous Agents: A General Problem Solver

Short-term memory Long-term memory

i 5
Calendar() [*— Memory |- - - - - - e —————- .
| Y
Calculator () |[<*— T : —»| Reflection
Y
CodeInterpreter () [<— Tools |<+— Agent [—| Planning » Self-critics
1
Search () |+ : l —»| Chain of thoughts
|
|
..more fe— T -- > Action —»| Subgoal decomposition

)

Agent ttu}ﬁ . n\l:l LLM HDJ:ES R “Ef‘tﬁz$unagaz& 'ﬂi’,;‘?j' E
B R MTER  BEE

https://lilianweng.github.io/posts/2023-06-23-agent/
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Case Study: Inspection Form

Generator with Traceability
Check.



=¢=T (Design) -> Jii T_ (Construction) -> &3 (Inspection, Supervision)

- - ﬁanjiang Bridge
New Taipei

https://www.sinotech.com.tw/




Enhancing Construction Inspection Quality

mERARERE

REER

TiEEE

(54’-!!-1-1?}'./& ] At A PR 22 8)

LJ SINOTECH ENGINEERING CONSULTANTS, LTD

2EEABRIHERER

TR

Hak

IRLAE [T AEARRELEB SKH000~TK+035 #1382

RIS

BEME [mEam|

wEHR  |WaRiFan Cr & &

winge  |WETi EEEXTY ETT T

wESE  [OmELH XA k% &2 E / B EAR

—— mEms (egan) | ROMENE L ae

(R E4E)
kEH TS EHE (R % B §_ mm -
& RE L m

kWS- BHE (k% B §_ mm -
& ~ 3B @__cm

R E EHBERE
k58 W dl Ao T4 -3 4 & (2180cm *

L3 ZHERZBRERS
IREHELZ S

ok 58 W 4L Ao T 48 B 5 8F B TS 10cm)

PVC M¥ 4 £ W
250mm = &k K

& =L cm+20cm
ﬂHl Iab-Emit -ﬁri’rﬁ:i& 18 ~ P 3B

’“ T Aﬁ%ﬁirxAﬁﬁmfﬂﬁ% R ATEHAE
AR

DE, %X SR ENPRBR)

OkfEmc s BRE TRABEREH LS A, RfTERUE

HEgh: * A 8

¥4

IS LUE

credit: B T2 RAM N\ ]

BHHRAREERT

CERAREE

BEAM: 2021/10/05
TEEH: CLX XXXT#RRIAAE LB RETR
|t
BIEMHE: AOLES
HEBEIRER: 2EERE
BENE: AOLE
ERHNL: RRETEN
HELRR: SR -2EEES

ML ETAT R

Raae:
#at:

SIR6MA - H6M

RETH BESHE

M

- e REBE
WERE(TRT (e ﬁfﬁ
%) &) &%

Pt ®ERE
KFUERE <

ERERE- Al
e 7 2 mEWE 6.9cm

e b PSS



T 32 E R R IR ek &R (Engineering Drawing
Inspection: The Challenge)
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Tracing Inspection Iltems from Engineering Drawings

Manual Verification for Compliance Check

High Labor Costs and Time Consumption

InPUt Data Inconsistency and Human Errors
Limited Scalability
Difficulty in Managing Dynamic Regulations
= 0 O O
Naive Multimodal RAG for Compliance Check with Construction Drawings
o8/ AR AR R ———— i v =
Construction Drawings
—_—
( * Context Window Limitation
e Indexing Retrieval * Retrieval Confusion due to High Similarity
s ‘ * Low Accuracy in Compliance Checking
a4
Hierarchical Detailed Drawing Retrieval Agentic Reflection
- a Retrieval \ Q
Inspection Forms \ /<

ErE . i i
Two-Stage Page Retrieval Review Strlctirad N arkiiow

] Manageable and Relevant Context
CH Detailed Drawing Retrieval 92.4% Accuracy in Detailed Drawing Retrieval
\ o . S .
N 83.3% Accuracy in Compliance Checking

K / Detailed Drawing Chunking Review E o-—o J U
> ¥ . .
) (3p)- Detailed Drawin
-~ a




Methodology: Hierarchical Detailed Drawing Retrieval

« Two-Staged Page Retrieval
O Similarity search for candidates
O Object detection model for chunking
O Utilize LLMs to retrieve drawings with

position and content-related information

Vector
Database

\
]

£ A-HEEEEHRRTAEAR
12EREAKE o

2. THEERE Ls =180cm o

5. EDRMBISRRVEELRS
BHEGEDEE o

Form content-related

MRIPI

Position-related

Similarity

\

Page
Candidates

Page Selectors

(LLM) /

S: Two-Stage Page Selection



Experiment Results
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Inspection Forms Generation and Compliance Checking Service
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Case Study: Knowledge Graph-
Enabled Report Generation and
Compliance Checking.




Turning Data into Understanding: . . sosscenon
The Power of Knowledge Graph CALCULATED, BY

:BASED_ON

Goes beyond storing data A:’ir%ﬁ/i
— it captures relationships.

(JConnects fragmented
information into a coherent
web of knowledge.

(JBuilds a reasoning network
that integrates knowledge
and traces sources.




Knowledge Graph in the Era of LLMs

Large Language Models Knowledge Graph
e General knowledge e Accuracy, Interpretability
e Language processing e Domain-specific knowledge
e Generalizability e Evolving knowledge
Cons: Cons:
e Hallucinations e [Incompleteness
e Black box e Lack language understanding

e Lack domain-specific / new knowledge ¢ Complex querying

LLM and KG can compliment each other.



Knowledge Graph in the Era of LLMs

0 Before: Building a knowledge graph was time-consuming and manual.
2 Now: LLMs can help automate and accelerate knowledge graph creation.

-Neoqj @DeepLearning.Al

Structured Data Agent Unstru:;:::d fata GraphRAG Agent

QE) [ <'J
- User Intent Agent User Intent Agent
4
(1) (
—P> File Suggestion Agent File Suggestion Agent
J
®)
——»| Schema Proposal Agent
4

Knowledge Graph

®

L) Entity & Fact Type -
Proposal Agent

Knowledge Graph
Construction Tool

Credit . https://learn.deeplearning.ai/courses/agentic-knowledge-graph-construction/lesson/hhgjv/introduction



Knowledge Graph + Agentic System
A General Engineering Task Solver

Knowledge Loy ,
8 %‘3 Agentic System
Graph T o
Engineering Document
@ ( Single. Agent Network Supervisor ) Generation I*EI{!':
® @ 357
® Compliance Checking
. ® o T <§<>ﬂ<> :<53>O U/%\U SiREE
‘ Tools D [ ) .
® ?:ﬁr:ol y Hierarchical Custom
® 0—0 D
s (=) /%\ | oo
o \ / ooy P ”q /]
000 of Ny U )

6 Common Patterns

Credit : LangGraph



Engineering Report Generation TIEER e =ERY

“Always Working Overtime
to Finish Reports? "

e Difficult Cross-Disciplinary Integration
e Severe Time Pressure

Technical reports:
900+ pages, multi-teams
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Knowledge Graph

@®,

@Z
'0
-

-

* -

P : @ Text chunks
@ @ @ Figures
@ @ Tables

] Historical paragraph texts
] Report Structure relationship

1 Figure, table, paragraph
relationship



Knowledge Graph + Agentic System

- ‘ D= %'? ‘
/\/ =
d]:ﬂ © Knowledge
e

e
User

0. Data
Report Templat Images Task
P P Graph Tables 9 preprocessing
' . ;
___________ - .
Planner \ Revng\éver
- e 'i., . - I : L=
Provides |=— \ Reflection ’r% I
—_— | — \\ =
Structure |— ,\“\ V' Loop Logic I
Outline Refiner |
___________ /
— = ov
2 — —
Format Section =
Refiner Evaluation
Items
1. Planning 2. Drafting and Refinement 3. Reviewing

4 Stages

o Data preprocessing
e Planning

o Drafting and Refining
e Reviewing

4 Agents

e Planner
e Drafter
e Refiner

e Reviewer



Planning

0 Defines the report scope, selects key sections, and allocates new figures.

& User Input /

Planner

Knowledge Graph

Tables

I% Instruction .
/|

Output : Outline

D
D
D




Planning

= Decompose the larger task into smaller subtasks.

@ sesnsoen.

%

L— TIAERAPEREME (sequential) [
— [ERBIRENRE S (direct)]
— HRIBESWM0)FEHE (direct)
L meREERXE (sequential)

FeEFERYT M (direct)

EeREER AT RFRE (direct)

EXXREE (direct)

ITFEReRAGCERRM% (direct)

AIBEER AP&FR (PMP) (direct)

AIEERAMFREFE (direct)

[TTTTT

RIS

GEleali=lla

Section: RSN EEGAEE L

Outline:

-NMBRMBUKRBHARENRIE - BALR » UESREI106
FEINFHNRFENETRARERARRENERTE -
Relevant figures:

Tables:
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Images:
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Knowledge Graph Generator Report Generato Code Compliance

Stepl ZA Neo4j EHiE
Neo4j ®iH URL
neo4j+s://f315009e.databases.neo4j.io
EREEH
neo4j

B A Neo4j
Neo4j driver created successfully.
Step2 HBIR/EALE
IS RED
EMBAEBIIER

j&) A BE4E B




Compliance Checking &R

“Worried your report will

for manual non-

adherence?”

* Ensure Regulatory Adherence
e Validate Comply Internal Alignment
with Legal and Industry Standards
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Knowledge Graph + Agentic System

0. User Input 1. Regulation retrieval 2. Compliance Check

Checklist

Graph



Knowledge Graph

(J Extract regulatory hierarchy via hierarchical chunking

Chapter 6 X1z 72
| 6.1 %8I
6.2 Rz HIEHE
| 6.2.1 Azt EREAT
-6.2.1.1 TTERB
-6.2.1.2 MCEERI & M FRE

F6.2.2 B AKETAR
| F6.2.3 G5 EEMKETA




Neo4j #HlE URL

neo4j+s://0dfe4810.databases.neo4j.io

EREER

neo4j

F A Neo4j

EAREE

Neo4j driver created successfully.

Step2 L{& PDF X%

B YRRE {8 PDF flif® PDF




\ 4

Reduces human errors and enhances
consistency

¥ Alignment with domain expertise

¥  Auto-generates and updates domain
Knowledge Graph + knowledge graph database, easy to expand

Agentic System business operations.

¥ Broad Applicability: useful for various
engineering tasks
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Summary and Suggestion.



2R %5 Summary

- AIERZE - HAAGET  Al2.0 FRLIBEENBIREBWHEASEER
% ’ LH\Ej]ELX?%EEEjHEEEf%EA ° Al is talking and thinking like human: Al models

pre-trained on massive data (foundation models) can be fine-tuned to be our useful assistants or
agents.

- EEF AIZITEER : 455 RAG * i - Agent iiZEIAHERE -
*Ti%'ii__ifi * g%‘\ N ﬁE?‘I@]Eg%%%,@ﬁ ° Integrating RAG, fine-tuning, agentic
workflows, and knowledge graphs to build an intelligent system that understands, reasons, and
acts in engineering.

- THEERAZEM : BEEIELEE - MBS ER LIEERREE
WS - FEEANEEREESREME - LEAITISREE - KieieHi
*%?é Egﬁlﬁuﬁ%ﬂg_iﬁ'ﬁ ° Al 2.0 technologies are being applied to automate various

domain tasks — for example, automatically generating inspection forms (with traceable
references to original designs), building knowledge graphs to integrate specialized knowledge,
and performing compliance checks against regulations and design standards — greatly boosting
operational efficiency and consistency.




Introduction to Machine Learning and Deep Learning
(2023.09.06 — Now)
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Deep Learning for Computer Vision (1V)

@ 20221207 Deep Learning for Computer Vision (IV).pdf

Y ;E ; 7,‘ > ‘a",“/
@ 20221207 Deep Learning for Computer Vision (IV)_anno.pdf
i Video

Bﬁkﬂ‘/ dchen@ntu edu. tw

221208 Introduction to Machine Learning and Deep Learning L1

# 221208 Introduction to Machine Learning and Deep Learning L2

# 221208 Introduction to Machine Learning and Deep Learning L3

www.aiengineer.tw


mailto:dchen@ntu.edu.tw

P\ = AT AR ELH

00N
|

SEXNTRNARETHR201914
g A LSS LERH .
, i)
O BEEAATSBER D \ ¢ %éﬂi A *Xéﬂi

O MEm=EnTLE 3
O FimEER=ETEnse ‘

4
SBIZHR ~ BRIHE  RREE IRETR
CRIHRE "

BIE.L B
= =

www.aiengineer.tw



@
—BAERGR —HAERE

If you want to go fast, go alone; if you want to go far, go together.




' Green & Smart

—

Unlocking Climate Resilience through
Nature-Based Solutions and Digital Technology

Prof. Dr. Zoran Vojinovic

IHE Delft (NL), University of Exeter (UK), National Cheng Kung University (Taiwan), Belgrade University (Serbia)



Personal Journey in HI MSc (FLM-DSS)

PhD: Hybrid modelling (HD+Al)

Hydr mfo:matlcs

200+ publications
20+ PhD students
100+ MSc students
30+ Million € grants



Personal Journey in MSc (FLV-DSS)
AI/M L/CI/CAS PhD: Hybrid modelling (HD+AI)

Genetic Algorithms — Urba

System

200+ publicatig
20+ PhD stude
100+ MSc stucs
30+ Million € g

Best Cum Laude Thesis 2021



URBANISATION




Floods in Europe 2021

Verviers, Belgium, July 15, 2021.

Liege, Belgium, July 15, 2021.
& & ys Source: GETTY IMAGES

Source: BRUNO FAHY, BELGA/AFP VIA GETTY IMAGES




Floods in Europe 2021

Deaths: 243
Property damage >€10 billion
* 200,000 properties left without power

SIMBACH AM INN, GERMANY - JUNE 03. Ahr river in Insul, western Germany.
Source: Sebastian Widmann/Getty Images)GETTY IMAGES Source: MICHAEL PROBST/AP



Netherlands 2021

Summer 2021

Spring 2021



During the 2022 summer (drought) the lowest
measurement was 700 m3/s

After one week of rain it is 1,300 m3/s
After 3 weeks of rain it is 2,000 m3/s
The average flow throughout the year is 2,300m3/s

Beusichem harbour, summer 2022.

Source: EPA-EFE/JEROEN JUMELET
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ummer 2022 — Rhine

5th September, Nijmegen



Summer 2022 - Meuse

Meuse discharge:

The lowest was 30m3/s
The average throughout the year is 300m3/s
Flood design is for 3,500m3/s (1:200yrs)

XAMPENEEWAARD

DUKVERBETERING
CUOE MAAS/
HOEKSCHE

WAARD

onrrocoenine B
NOORDWAARD

QUANDSCH

DUKVERBETER
STEURGAT/LAND
VAN ALTENA

DUKVERBETERING
E MAAS/

KRIEVERLAGING WAAL
FORT ST. ANDRIES -,

KRIBVERIAGING
MIDDEN-WAAL

*SMERTOCENBOSCH
UITERWAARDVERGRAVING SRAKELSE

SENEOENWAARDEN EN DLIKVERLECGI
SUITENPOLDER HET MUNNIKENLANG

* ONTPOLOIRING
OVERDIEPSE POLOER

DUKVERSETERING
AMER/DONGE

FINOHOVEN

)

=]
p—
f—
=]
—
—]

m
r
-
-

KRIBVERLAGING | piwteruc-  +
SENEDEN WAAL 1 LEGCANG LENT

DUKVERBETERING NEDER-RIIN/
BETUWE/TIELER- EN CULEMBORGERWAARD

KRIBVERL
WAALEOCHTEN

ING




Drought in the Netherlands

On 3 August 2022, official water
shortage declared.

A redistribution of water to
ensuring water supply to the
dykes, the peat begs and very
vulnerable natural areas.

In the Rhine Rive measurements
at the beginning of Augustin
Lobith, a town on the German
border, showed that the river is
approaching its lowest flow
level ever recorded.

European Union,
Copernicus Sentinel




Drought in the Netherlands

Noordoostpolderin the Netherlands

Noordoostpoider - Netherlands. Sentinel-2. 23 Aug:

23 August 2021
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Evidence of the severe drought
that is affecting the
Noordoostpolder in the
Netherlands.

Noordoostpolder is a
predominantly agricultural area.

The area has turned brown due
to the absence of vegetation.

i

Due to the drought and crop

P . A : failures, there are problems with

the production of animal feed, as
well as a lack of water reserves
used by the local fauna.

European Union,
Copernicus Sentinel




Climate resilience

“Climate resilience is the capacity of social,
economic, and environmental systems to cope with
a hazardous event or trend or disturbance,
responding or reorganizing in ways that maintain
their essential function, identity, and structure,
while also maintaining the capacity for adaptation,
learning, and transformation.”

Source: IPCC ARG, Glossary, 2022



Climate resilience

“Climate resilience refers to the ability of systems
and communities to anticipate, absorb,
accommodate or recover from the effects of a
hazardous event in a timely and efficient manner.’

J

Source: UNFCCC Resilience Framework



Climate resilience

“Climate resilience is the ability to anticipate,
prepare for and respond to hazardous events,
trends, or disturbances related to climate.”

Source: EU Strategy on Adaptation to Climate
Change, COM(2021) 82 final



Key Capacities

Anticipatory Capacity. foresee, assess, and prepare
Absorptive Capacity: withstand and absorb
Adaptive Capacity: adjust and learn

Transformative Capacity: systemic and structural changes



Climate Resilience Solutions

Grey/NBS

e Social

e Governance



Climate Resilience Solutions

Grey Infrastructure Nature-Based Solutions (NBS)
* Engineered structures  Use or mimic natural processes
* Protection and hazard control < Risk reduction and ecosystem rest.
* Resistance-based  Adaptation and absorption
* Low flexibility * High flexibility

* Often short- to medium-term Can provide long-term resilience

* Sudden and catastrophic  Gradual degradation

* Limited — mainly hazard Multiple — hazard reduction

reduction.



Climate Resilience Solutions

Grey Infrastructure Nature-Based Solutions (NBS)

* Economy is typically high, due < Economy is typically low or

to material production negative, due to carbon storage in
(concrete, steel) and vegetation and soils.
construction processes. * Highly context-dependent but

* Can be scaled easily but not replicable through adaptive
context-sensitive; performance  design tuned to local ecological
often declines outside design and social conditions.

conditions.



Greater Aarhus Area, Denmark » &

# = Ry g ©  Multiple benefits and co-

J—— —_— o , === e benefits

o T = = ° Multiple hazards
SN . Compounding risks

Cascading risks




The next phase of NBS innovation?

v > r .
- - : mwm_._

Advancing the knowlede of Processes (technologlcal aspects)
Scale (of implementation)

Multifunctionality (benefits and co-benefits, energy-water nexus)

Effectiveness from single and integrated solutions
Better integration with ecosystems
Holistic assessment

Enhancement of effectlveness and benefit“é through "

73
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Quantity’of information

avallablé nowadays is

unprgcedented in human
history!c

H
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Artificial Intelligence, Machine Learning,
Computational Intelligence (Hybrid Al), Complex
Adaptive Systems

* ANNSs, CNNs, RNNs, PINNs,
W lige GNNs, SVMs, RF, GBM,

A  Evolutionary algorithms
’~ \.\ Neﬁﬂl\ﬂéhme T y alg

etwork

earning * Fuzzy logic

* Nonlinear dynamics, chaos
theory and fractals

* CAS, Agent-Based Models,
* Generative Al,

* Cellular Automata
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A EU Demonstrator Type A

A EU Demonstrator Type B

¥ EU Collaborator

WV EU Collaborator with partial demonstration
M International Collaborator

Peru
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ical risk rEduCTion

* 35+ partners
* 10 EU demonstrators
* 5 EU and 12 Intl collaborators

6 years, started in 2018

Types of action:  IA Innovation action
DeadlineModel: two-stage
i 08 November 2016

Deadline: 07 March 2017 17:00:00

H2020
2nd stage Deadline: 05 September 2017 17:00:00

3rd Health Programme .
Time Zone : (Brussels time

.

.



Digital Solutions

Scenarios (co-developed with stakeholders)

Digital
Twins

Digital Technologies I

L @ —

o
_Catalogue of
Climate Resilience
gci[#c icator
an
Models A Stakeholders / y
Augmented based on o ; o

Reality Physics Things

Link to Platforms
and Repositories

—
Tide Gauges and Buoys Social Media Smart/Adaptive Sensors Satellites and Radars 7
Citizens Science B o .
s
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Key outputs N

Indicators and evaluation methodologies,
Digital solutions for monitoring, planning and evaluation,
Methodologies and design guidelines,

Barriers/enablers, business models,

Evidence-base from g NBS demonstration cases,
Prefeasibility studies in 16 collaboration/replication cases
70 deliverables, 70+ publications,
MOOCs,

National policy influence,
International Conference on NBS.
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Monitoring Nature-Based Solutions

e

File Alarms Overview Management View Help

(4 @® https://www.telecontrolnet.nl/v3/go/main#content:content/loc/01/process;sidebar:navigator

. Navigation
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01 - Public websites
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Two catchment areas outside of Barcelona

RECONECT
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From Data Assimilation to Digital Twins

PHYSICAL WORLD

- Sensors

- Telemetry
-SCADA
-loT

- Etc.

DIGITAL TWIN
REAL-TIME DATA:

INFORMATION:

-GIS

- Inspection records

- Etc.

MODELS:

- Physically-based
- Al

- Etc.

7~ 3

DECISIONS

- Operational

- Maintenance

- Emergency preparedness and response
- Forward planning

- Etc.



Rangsit Community, Phathumthani, Thailand
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Rangsit community irrigation canal networ
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Bl Extreme Event: Chao Phraya Flood 2011

During Thailand’s severe
flood in 2011, Rangsit
community (in pink area)
was not flooded by
upkeeping the canal
networks

Hydro - Informatics Institute (Public Organization) % )

40 I Z HIl
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\) Normal flood scenario

----- With RTC system scenario

Research article -~ Baseline scenario
Real time control of nature-based solutions: 7 Fooa thesnets e

Towards Smart Solutions and Digital Twins
in Rangsit Area, Thailand

Laddaporn Ruangpan ° ® & &, Mosaab Mahgoub ®, Yared Abayneh Abebe °, Zoran Vojinovic ® ©

f, Surajate Boonya-aroonnet ¢, Arlex Sanchez Torres b, Sutat Weesakul & f

Show more v

~+ Add to Mendeley < Share %9 Cite 3) Extreme flood event

----- With RTC sytem scenario
https://doi.org/10.1016/j.jenvman.2023.118389 7 Get rights and content 2 —— Baseline scenario

—-—=- With extra storage scenario
Under a Creative Commons license 7 ® Open access —= Flood Theshold

NN e——

Highlights
» Towards a Smart Solution by using Real Time Control (RTC).

» The potential of using RTC to improve the operation of the irrigation

and drainage system. 17 24

* RTC can help to improve the effectiveness of NBS from passive to

31



Working Towards Climate Resilience — A Framework

Grey/NBS
Digital
Social

Governance

Phase 4: Co-evaluation, Co-validation
and Adjustment

Phase 1: Co-planning and Co-assessment

Key Outputs:
- Risk assessment TRL DTL

Key Outputs: )
- Knowledge-base - Adaptation pathways — -
- Evaluation - Cost-Benefit Analysis s *Q

- Learning, Upscaling

RUL{ <9 ¢ CRI » SRL
Phase 3: Co-monitoring Phase 2: Co-design and SOP 4/
and operation Co-implementation O —— A
Key Outputs: Key Outputs:
- Baseline monitoring - Design of solutions ) . e
- Post-implementation monitoring - Stakeholder acceptance yBaseIme &i’)enod i & Period 2

- Development of adaptation/resilience plans

CLIMATE RESILIENCE INDEX



Climate Resilience Framework

Grey/NBS
Digital
Social

Governance

-

Climate Resilience Index

Technology Readiness Level (TRL),
Digital Twin Level (DTL),

Societal Readiness Level (SRL),
Impact & Sustainability Level (ISL),
Adaptive Capacity Level (ACL), and
Replicability & Upscaling Level (RUL)



Technology Readiness
Levels (TRLS)

NBS

© oeeen ook

© wenano
© DETENTION MAIN LA
(@ RETENTION POND.

© oeenton

ACTVITY LAWN

PARK’S WATER CAPACITY

NETWORK

GATEWAY

REST AP
) EMERGENCY
CENTER

TRL Scale & Levels In EU Projects

J
-,
%z
777

DEVELOPMENT DEPLOYMENT

DDIDD

Actual System Proven in Operational Environment

System Complete and Qualified

System Prototype Demonstration in Operational Environment
Technology Demonstrated in Relevant Environment
Technology Validated in Relevant Environment

Technology Validated in Lab

Experimental Proof of Concept

Technology Concept Formulated

CO0000000

Basic Principles Observed

NASA TRL Definitions (1989) hess



Tracking Digital Capacities > Digital Twin Levels

Sensors
loT
Models
SCADA

Telemetry
Al/ML

Digital Twin Levels of Maturity

DTLa: Dynamic Representation
DTL2: Analytics

DTL3: Predictive

DTL4: Perspective

DTLsg: Cognitive



Sociotechnical System

SRL 1 - identifying problem and identifying societal readiness.

Societal Readiness Levels

SRL 2 - formulation of problem, proposed solution(s) and identifying stakeholders.

SRL 3 - initial testing of proposed solution(s) together with stakeholders.

SRL 4 - problem validated through pilot testing in relevant environment.

SRL 5 - proposed solution(s) validated, now by relevant stakeholders in the area

SRL 6 - solution(s) demonstrated in relevant environment and stakeholders feedback.

SRL 7 - refinement of project and/or solution and, if needed, retesting.

SRL 8 - proposed solution(s) as well as a plan for societal adaptation complete and qualified.

. . . . < Innovation Fund Denmark
SRL 9 - actual project solution(s) proven in relevant environment. \)
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Impact and Sustainability Levels

1. Conceptual idea only

8. Adaptive & Regenerative System

9. Long-term Resilient Legacy




Adaptive Capacity Levels

1. Awareness Only
2. Emerging Understanding

3. Foundational Preparedness

4. Structured Response Capacity

5. Integrated Adaptation System

6. Proactive and Flexible Management

7. Anticipatory and Responsive System

8. Transformative Adaptation Capacity

9. Self-Sustaining System



Replicability & Upscaling Levels

1. Prototype [ Context-Specific Solution

8. Institutionalized and Mainstreamed
Practice

9. Systemic European or Global Uptake




Replicability & Upscaling Level Levels

1. Prototype | Context-Specific Solution
2. Early Awareness of Replication Potential

3. Documented Pilot with Replication Interest

4. Structured Replication Planning

5. Demonstrated Replication in Similar Contexts

6. Standardized and Scalable Solution Framework
7. Integrated Multi-Site Implementation

8. Institutionalized and Mainstreamed
Practice

9. Systemic European or Global Uptake

Adaptive Capacity Levels

1. Awareness Only
2. Emerging Understanding

3. Foundational Preparedness

4. Structured Response Capacity

5. Integrated Adaptation System

6. Proactive and Flexible Management

9. Self-Sustaining System

DEVELOPMENT DEPLOYMENT

7. Anticipatory and Responsive System

8. Transformative Adaptation Capacity

TRL DTL

SRL

ACL ISL

a Baseline V Period 1 ;’;f;'Period 2

CLIMATE RESILIENCE INDEX

Digital Twin Maturity Model

Prescriptive

e
el
T T T I ST

Diagnostic
Standalone
Looks like Disparate isusl Uve visuals to
desgn & survey.
supervisory
oversght
Behaveslike * Bascmodels Alin-the-loop
solving specific decision-making
problems Provides status, performance Self-Jeamng
dams &cevents  + Fault-finding interventans
c %o . . « Muttiple « Full o1 + Optimised data
real-time data streams integrated data enterprise streams with
streams. streams edge processing

Refevences: DNV-GL. (2020). Quafication ond assurance of digital twins
a g

Impact and Sustainability Levels

1. Conceptual idea only
2. Feasibility study

3. Pilot Demonstration
4. Proven locally

5. Stable Performance

6. Tested Robustness

7. Integrated Sustainability

8. Adaptive & Regenerative System

9. Long-term Resilient Legacy



Artificial Intelligence for Flood Resilient Infrastructure

ARTIFACT

Artificial Intelligence for Flood Resilient Infrastructure

ARt < 2 STy go < VS A : Y s

Funded by Institute for " v
n the European Union I \ I !)IE.!FET v:‘“:"i“:"’u:'["c’: T Delft



ARTIFACY

Artificial Intelligence for Flood Resilient Infrastructure

ARTificial Intelligence for Flood
Resilient Infrastructure

i IHE
TUDelft % DELFT
S Institwefor
h | o uwn;m Education

aaaaaaaaaaaaa

ARTIFACT

* ARTIFACT is a Horizon Europe (Twinning Green
Deal) project

* EU project partners: Delft University of Technology
(TU Delft), Delft Institute for Water Education (IHE
Delft), and Hamburg University of Technology
(TUHH)

* Project Duration: 1 October 2024 — 30 September

2027

The Institute of Artificial Intelligence Research & Development of Serbia
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Three take home messages to remember

1. NBS have become important means in addressing

2 are becoming important means
in enhancing effectiveness of NBS

3. Future challenges are not only technological
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KEREEAES KvkEx

Missions & Challenges of Water Resources Management ( WRM )

Core Missions : Major Challenges

1. B2 EKIFTRE RIEMR IR {E— K EFRKESAZE

* Drought Prevention and Water Situation Forecasting. « Climate extremes bring more frequent droughts and
floods.

2. Ppitt B B RS 3R 42
* Flood Prevention and Real-Time Control.

ENARENER SMOESER - B
%,?””‘H%Fﬂ TENMKIE -

» Water Resource Allocation and Supply-Demand * The WRA's divisions already possess abundant real-time

Management. monitoring data. The next challenge and opportunity lie in
how to integrate and utilize these datasets to transform
information into insights and action.

3. KERAEEMHTFE?

4. ;5KEBEBEKERE

» Wastewater Treatment and Reclaimed Water Promotion.

RRiG-ESEHEEEREMK

4= 5 = « And citizens demand higher transparency and more
5. (TR EEHEIR R IR stable water supply.
* Administrative Management and Decision Support. ‘

10/29/2025 Annual Review 2



Alﬁﬁtﬁgiﬂiﬁﬁ Al Empowerment Technology Chain

* |oT sensors, flow meters, water level
gauges, water quality sensors

* Weather data sensors

* NB-loT, LoRaWAN, 5G

» Fiber optic, MQTT

* Time series database + GIS +
SCADA + Remote metering

« SWAT, MIKE, LSTM, HEC-HMS,
XGBoost

+ Digital Twin
* Al Decision Engine

« Automation
» Feedback Control

10/29/2025 Annual Review

BRI =
Data Sensing &

Communication Layer

BERNEBYEE
Data Management
Platform Layer

B EZERE

Data Analytics &
Modeling Layer

RRZIEE
Decision Support
Layer

IO EEE
Control & Feedback
Layer

ENREEKEREEENKEM -

Access key water management data and
information.
RKERERAFAENRENERIAPRES -
Transmit water resources management data
and information to the central platform.

HAREKEREEAFRERN REMETHEH
=

Organize and store large amounts of water
resources management data and information.

HERETHEREE - oW EAEREE -
Extract features, analyze and build models for
data.

G DMEREB(ERIHMITRRHUITENLE -
Translate analytical results into actionable
decisions or courses of action.

RIBRRETEENRIZESEEREMITITE
Automatically control or respond to feedback
based on decisions and execute actions. ‘




EF%1iG &

i Z B

Al A

Applications of Al Empowerment Technology Chain

il HEE

Layer of Technology Chain

AlfBEFE A
Applications

HKIBZEXEEE

Values

BRI B 3 A
Sensing & Communication Layer

BRNEETEEE
Data Management Platform
Layer

loT+LPWAN/5G : 2SS % E - RINIFER
48 ( 4INB-loT - LoRa ) - 1A ERIE
loT sensors, low-power wide-area
networks (LPWAN/5G).

2R : 5|A AIEZES (Edge Al) -
Eﬂﬂ—:hﬂﬂﬁ nﬂyr’%(ttmkﬁi BRA

Edge Al for real-time anomaly detection
(sudden water level rise, pump vibration
anomalies).

ETL/%&I}%EEBL% ZUEEN "KERKX
BiIEFE,) - ESKX JE--RHK-3
B S @JEE.H

Data lake and ETL integration to unify
meteorological, hydrological, water use,
and pollution datasets.

BEiA1E . B ADataOps/MLOps - &R
B olEH - mEaliE -

Data governance with DataOps/MLOps
to ensure traceability and quality control.

R F 7K BRI BN AG t E 2 ETE M
A TR H B EUE -
Enhance the real-time and accuracy of
hydrological monitoring. Provide reliable
data foundation for drought and flood
prediction.

WD ANTRENSEER - @ ERG SSRNIHE -
Reduce the frequency of on-site surveys
by manpower and enhance the
immediacy of disaster prevention.

% ((\

/

RABER B - XBERE - IBEIER
Improve data consistency across
agencies.

BIEBCREZBIHEERREE - XIBESGHR
= HE ROKEEIR -

Enhance policy transparency and public
trust, support ESG and sustainability
reporting.




AlfE BE 132 1ilG £ -2 & Fi

Applications of Al Empowerment Technology Chain

il

Al 5E FE F

HKFZEFXREE

Values

Layer of Technology Chain

B e EE
Data Analysis & Modeling Layer

Applications

FF 7Rl : LSTM/ARIMATERIZKEZ KE -

FKEXK - BFERa%H -
Time-series forecasting (LSTM, ARIMA,
XGBoost) for reservoir storage and water

demand.

AKFER : RNNELEI S EERRIE - 2

EBNISEFHRE -
Flood prediction with RNNs and digital
twins for real-time gate operations.

HECESE | BRE/KRARE - Z80F]
K73 BCiE Bk -

Optimization algorithms for cross-basin
water allocation and multi-sector demand
management.

MEKBEEREE @ H EREZRE -
Increase accuracy of drought and flood
early warning.

REABHERZE - RABRBEL -
Enable science-based decision-making,
reduce human judgment errors.

10/29/2025 Annual Review



Alf BE %17 58 2 & FF

Applications of Al Empowerment Technology Chain

1% ity 538 1= AR EEFEFT HIKIFERMEE
Layer of Technology Chain Applications Values
RERZIEE « RFEERMW (Dashboard ) : BIIFE/RK -« RIEFRIEME - WEHEEMNEHISE -
Decision Support Layer EiRE - HoKEE - BEKFIRR - Accelerate decision-making processes
Real-time dashboards for reservoir and shorten reporting cycles.
operations, flood risk, and reclaimed - BERBEEER . IEEEREE -
water utilization. Improve transparency and strengthen

- BEEMEZ . Al FRRBEIBREL "& citizen engagement.
mRKEE , "EBEIRE. -
Al-assisted recommendations for water
rationing, release volume, or emergency

planning.
- NLPEEZEZEMR : BEIRZERZRAK/RKE
afl °

NLP-powered smart assistants to
respond to public inquiries.

10/29/2025 Annual Review 6



AR, BE 132 1ilg £ -2 & Fi

Applications of Al Empowerment Technology Chain

il

Al 5E FE F

HKFZEFXREE

Layer of Technology Chain

122 il [ B e
Control & Feedback Layer

Applications

BENEH . AIEISCADALS - BERAE
FEFY - HHKREE -

Al-driven integration with SCADA for
automatic gate and pumping station
control.

ESMEMRR . BARSKEREBEK
R - PRIEREFEEARRHE -

Intelligent dosing and aeration
optimization in wastewater and reclaimed
water plants.

BIREE . 2B ESEEE - AR
Closed-loop learning systems for
continuous model improvement.

Values

fiE "THEIEE, BA " XEEL -
Shlft from reactive response to proactive
prevention.
BE{E A D k38 B RR 1R VE Jml B -
Reduce manpower dependency and
operational risks.

10/29/2025 Annual Review



Summary of Al Empowerment Technology Chain

» FB T KEIRARRBERTE ;- 1€ " BUBRESE - TRANRERE - RRER —
BHEiEml 0 BEU—EEZKEREERG - KB RAHERNEEEE

&) - X - KERHE -

The Al empowerment technology chain enables the Water Resources Management System to build a closed-
loop smart management mechanisms, transforming operations from “data collection — predictive modeling —
decision support — automatic control.” Al empowers the Water Resources Management System to transition

from passive emergency response to proactive, intelligent, and sustainable water governance.

= HEE2{BE ( Key benefits )
1. BAKEIE . ERRERNENX  HKFBRIEBHHHREE -

Resilience — More accurate drought and flood forecasts with proactive disaster mitigation.

2. BRXE S HRRERIEL  REKAARE - #HHHBEK -

Sustainabillty Optimized water allocation, higher reclaimed water utilization, reduced carbon footprint.

3. AHEEM : BIEERW - BEMEHER - IRIRRARNKE -

Transparency Automated dashboards and reports to strengthen public trust.
4. SEBUER . SeciEdleEdlsm - O ADNKEE - B{EEEISEE -

Eff|C|ency Smart inspection and predictive maintenance to lower costs and risks.

10/29/2025 Annual Review



AlRR BE 1% il & F 2= 51

The Application Cases of Al Empowerment
Technology in the Core Missions of the
WRM

10/29/2025 Annual Review



1. AR EIKIBFEA

Drought Prevention and Water Situation Forecasting

Bﬁ%iﬁ%7kﬁaﬂﬁkmought Early-Warning Crystal Ball

- B = JKEEBKERFEREE(LSTM+Multi-CNN)

° 7K r:!? g ?‘K. % %E ;Eu ﬁ 7K lr% tnt Eg-g ‘o' ﬁ% g {E E ;%r: %B ﬁlé {K % a E’\J - ;Zﬂm“{:i:mjﬁi%'\ = gasﬁ"i@z;;au.@j‘j\%’ BEAR — = :E:mmm V :ﬁvkiﬁzz”‘iﬁ%gmiﬁ;t e = mftkm [\'r\,’
=5k - 2IRBMSKIBART - MELZEE N - HATHERIEE N // : / \\ | \/\P\ . ﬁ/ |- A A
REEREIEEI RG2S - | [t NI N/ B SR

© =] \\\ - V ‘\\‘\ | \a % 0 L
. BT 1/ mwse= 10} | oo amn)] | Nt - i\

c REHPRREE

HAERNEAZRA(PEWR - /IE) https:/le-
service.cwb.gov.tw/HistoryDataQuery/

= KIBEIRFRRE R CRER G +IE B REPE)

@

BRHRRESER

TiyR R

. EEBERKFIZE SR
KEZE Kt Fhttps://fhy.wra.gov.tw/fhy/Monitor/Reservoir o z zm
KREBETERKEHEThttps://data.gov.tw/dataset/58694 5 A N
7K F 2 B 18 B EEE Fl K E 4t 5t https://data.gov.tw/dataset/58701 a0 3o | e
KA ESEEEHASERKEMsThttps://data.gov.tw/dataset/58700 ’ w e
KA EFHEEFHAKEFisthttps://data.gov.tw/dataset/58699 R VR
KAEBTERAKEBE T EMmBhttps://data.gov.tw/dataset/58692

IRIRH

EARRMRIRKBEBEEEAEN A FEM R 4https://a0-
cwms.epa.gov.tw/cwmspublic/

= AlEE

- FNAKEREBEREAETS—_EERMESEIZHA - AERIZE
EBH XY - 815  KESKEREAER - RKIBERFENE

7 .

10/29/2025 Annual Review

- BOVEEEME

EE A EBERIFZRBNRF KABAR ;

FEEKIBRE - EEEMBERAAEBRRIEKE - BFKET
e R RETKEIRABE - EMRFERBERAIZIR - FARKFR

BRI -
RENERBAETRRAOAARE - LUEHBENEERES ;

BOBEFINER - EEIEATHE L &S ERIKERRBERR -

VUIZZIERK ~ BURKBEIRBAA - REERZEMNERE -

10


https://e-service.cwb.gov.tw/HistoryDataQuery/
https://e-service.cwb.gov.tw/HistoryDataQuery/
https://fhy.wra.gov.tw/fhy/Monitor/Reservoir
https://data.gov.tw/dataset/58694
https://data.gov.tw/dataset/58701
https://data.gov.tw/dataset/58700
https://data.gov.tw/dataset/58699
https://data.gov.tw/dataset/58692

PR IREKSEBKZIER

Application of Drought Early-Warning Crystal Ball

. RAYOEEWNBEBAHRKER - 12
SRESAES -

Predict water shortage risks days or even weeks in
advance, enhancing drought preparedness.

« BHBNKERERR - WA RKEEREEE
FAVEE -
Support reservoir allocation decisions, reducing the
impact of water restrictions on citizens and

industries.

B R B KB TRANERS 2 B
Effects on drought prevention and water situation forecasting tasks.

v
EEEEEE - ZIHHEBERE
Improve resilience and support scientific allocation.

10/29/2025 Annual Review 11
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3’_5 7J<]:’Z' 7J<ﬂ|l.'|- 7J<1HEE EE:Water level control at sewage pumping stations

Bt BB RS R 12

Flood Prevention and Real-Time Control

E /Y

¢ FABASKFKERGAREEES - BRI
KHERUENSAR - IS M R BDAE AR R3S -

B RR
HIBERAAGVPER ;
KEREWPLEKEREHRAKEER ;
KEIREU P ORRKKERKEERE (KR pH - COD - SS -
ECE) ;
SIKTKEKEBELHEE (BERAFESHEBE - TKESE &
€-WESE) ;
SKBKIEIMKIREREE R « HKEEFEIE - FEEFISEE
PEIEE -

A&
EEE AR5 B A
FREEII AT ol FEAR 4
SEEE NEIE=x) G-
BIESH ZEEE /A 1HE NEE
OEEREEERK o =
BEE

ERBERNEBRT ;18
FERIEE (RMSE ) HISWLE%E0.25 ; T84l 0.146

DWL&#£0.54 -
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WISE-PaaS

Mz
1. 55HA

T EERAESRA%28.687T ;
FEIE 2 44918 7N3,000 CMDEEIEBE
2. hEf
o] AR BERL /MK R NP 3E R - IERERSF® ;
BKEERATRE  KEERRZAEED -
3. RHEA
RIZEREIEM - IREFRELTE40% ;
ERNKELRFAERFR -
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75 KI5 K KR 2= 2 FE

Application of Water level control at sewage pumping stations

» ERMAIETRAEEE -

Improve the accuracy of storm peak flood forecasts.

= BEEZNEENTEPIRE - HERERKE -
Automatically recommend or directly execute gate operations,
shortening response times.

= BRIEARRAIERE -

Reduce the risk of human error.

V

1 B itk B B 5 s P 75 2 S
Effects on flood prevention and real-time control tasks.
v

WA [ fERSfE - PRIEABRH

Shorten reaction time and reduce human error.

10/29/2025 Annual Review 13



3. 7J<§;l \Eﬁlgﬁﬁiﬁﬁ%%—ig

Water Resource Allocation and Supply-Demand Management

FURERHEB{ERRZIERSA

Digital simulation and automated decision support system

- B = B

- BBRRAKFENETBRKERNEZESR - ZiEkE
AXKEH - iFEKEREBRYER -

- ARIR e
. BERAKRE  BEREREEN S
. BERKESERKTERGER ;
- WERAAKREBRFE / SR/ QRN ;
- EUKEEERE / DRER / WAER
- B(B)KEBERE / LRER / RUEN -

\\\
N
NS
A\
<N
SRS

BEEREE

...........

- BERHAGEREBIAR

V- - .
= BAKEGEERREHEL
) 127 P 0 IR B W REABENBE 85 7K B W 75 AU
i (&) RP > 85.0% RT>76.65% RP > 85.0% RT > 76.65% DT <70.0% ERe 85'07"‘ RT:2:70.65% DT <70.0%
o K . <
B B = g g %«
H H B BB sl
-4 I . :
N M F
I
N g
g 2 )
HEOWERP £BEWERT HEERERP 2BMEW=ERT 2EHEREDT HEEW=ERP 2REWERT
B5%A B5%B s 5%C m5%D n5XRE 8 5EF B5RG 85RH 85K

. IEENEENRARHREEINERP R 2 BEERTH M IS A
RIEEAERERE -

- REEABEREIWNERFBARIIZEAEMFMEDTHKIRIES -

anmrny

_ o o EEKERIRRRHER K B 5  AK 15 48 B PR K o B S AR 20%
O Cmm— ERBERKISTKAIRIZHRPRRT -

10/29/2025  Annual Review o BERFARERKHDTIMEXRREUWIER S 8 KIERBIRKE -



FUEBHEEIERRZIER R ZIER

Application of Digital simulation and automated decision support system

= AKEFEH : A5KFER (LSTM » ARIMA ) B &R - JERIZRAKTEK -
<t "ZEIFRE . (PR mE - HAKzx) -
Water demand forecasting: Combining time-series models (LSTM, ARIMA) with
meteorological data to predict future demand. Support multi-objective allocation (flood control,
drought mitigation, water supply security).

= RERIE : FIA Al JB&X ( XGBoost ~ RIS ) ETEREIE - FE
IR - B BEKEEDKAER . RDKERRE -
Allocation optimization: Using Al algorithms (XGBoost, fuzzy logic, etc.) to allocate water

across basins, balancing fairness and efficiency. Improve the utilization of reclaimed and
irrigation water, reducing waste of water resources.

v

HKERFEEEFEEEER ZE
Effects on water resource allocation and supply-demand management tasks.
_ =
FEALN N - KR KE
Balancing fairness, efficiency and sustainability.
10/29/2025 Annual Review 15




4. SKEBEIHFEKERE

Wastewater Treatment and Reclaimed Water Promotion

EEE—5KEEERFIZEEIL
AloT Process Control—Wastewater treatment process operation optimization

- BB - EEE

« BAS () KEEBZRZFAICTEERFSETA20IEFIR .« EEEZFIEA—Fuzzy-PID
ﬁgft%ﬁ&ﬁ%ft%%%%ﬁ%%l’ﬁﬁ%f;ﬁﬁ@%% .+ Alj#1EE_ANN - GBM - XGBoost
BMITIIE - UERZERIKE EIE R IR IE B S E AER apa p e
HIZFHRYENE - « EEHME B E S
- EEB Az -
RFRICRAEE e mhas » FI9RIIKCOD = 25 mg/L » NH,-N = 1.05 mg/L BTN =
R A . MEREE e 4.49 mg/L - Eop - TNBUR KK E o] 2l IR 7% 410
B Lacration), =5/ iirate ik mg/LELF -
L e £ )\ RW et . - T14COD : NH3-NRETNZ EKE - 5 51%593.6% - 94.7%K
. TR S — iAz0.5P }— P e e 78.7% > Hth - NH3-NRTNZ KEEBIZEA RN =E4.9%K
E%E{g;ﬁﬁﬂﬁ - Sludge RN S Nitrate RN B ;0'5% °
- SRR B AL AR Eac - & 470 b 5
. L RAERBAR RN o Sludge Ny R mEias 4 2. RERS )
N = I I:\gﬁ “ﬁb » R 7 \a§7 Hq'E %;EH E’iﬁ'?ﬁ =
= KEEHREE ©- - 1 / T

|
| . EECARBREH SRR EAFHNAS - BHE
. e IS TR RS - BAA N E R S R EE RS R
m JRHE - ETIEEIIR A20 S IEE 14 B THAE o

«  A20FZFIENMEEKAEES FI50.27 kWh/m? - ={E
B B A5 7K i 32 i BE i1 EE /K FR &8 §.0.38~0.80 kWh/m? -

. Eﬁjﬁﬁ%‘}%@-é_%ﬁ109,992~116,268f§  MERETELANTS
L 27.5~2918TEE - FiEik=0]7£60.94~64.41 Ton CO2e °
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it e 22 ol 5% filg — 5 ke g S 12 il
Precise aeration control technology

- B © S EM=E S

Inference Model

- [EFORPEAEEEKMARRK KMEEBKEGHERE -

Kuns= ALY — FEFBODRIZEHIZEZEEKMAE - FEERKINEEOHAZE
e : (K -
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it e 922 ol 5% filg — b e I 22 122 il
Precise chemicals dosing control
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Equipment Health Management: Flood Control Pumps

- B - EEE
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EEEE - BEET RREREEERI ZER

Application of AloT process control, precision control and equipment health management

technologies

= SKBIREEIE . BA Al RINZEBESRES - BRESEFLREATKEREE -
Wastewater plant operation optimization: Applying Al to chemical dosing and aeration control,
reducing energy consumption and improving water quality stability.

= BEKKEEH  fallamBEEREIRE  BERRKZE -
Reclaimed water quality monitoring: Combining sensors and anomaly detection models to
ensure the safety of reused water.

B RREEE  SASSWNETR TR  EREEEwD
Smart inspection and equipment health management: Introducing smart diagnostics and
preventive maintenance to extend facility lifespans..

<<L\v/j;7

5 KEIRE B A KIEEETS 2 VUE
Effects on wastewater treatment and reclaimed water promotion tasks.

v
giAEEfx - IRFHKERTE - HENBEKTHA
Energy conservation and carbon reduction, improving water quality
and stability, and promoting the use of recycled water.
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Administrative Management and Decision Support

WaterOps & Z/K#EIRFE S
WaterOps Smart Water SaaS Platform
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Digital Twin and Analog Control Technology
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WaterOps3¥ S B Sl S £ % ilt Z &M

Applications of WaterOps SaaS Platform and Digital Twin’s Technology

BHENMERRZIERM | RKBREERARRHRRERRES -

Automated decision support systems: Converting water situation data into real-time reports
and actionable recommendations.

- NLP HEEER  BERZENHGEN  25RENE -
NLP and smart customer service: Handling public inquiries and consultations, improving
service efficiency.

 AEEE  REXRECREARERAMNA Al 24t - BRAESIIGE -

Knowledge management: Incorporating expert experiences and operational cases into Al
systems to shorten staff training time.

V

T E B RRSZ BT 2 WE
Effects on administrative management and decision support tasks.

v
B BEERERRREINNE

Improve policy transparency and public interaction efficiency.

10/29/2025 Annual Review
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Policy Implications & Future Outlook

HEREE ARRFME

Align with global policy goals Future Directions

Q AlBKEERIBINE BRI

2 iESDG 6 - SDG 13
SDG 6 — Clean Water and Sanitation
SDG 13 — Climate Action

Al becomes a new infrastructure for
water governance.

21 S E S (F e B R IR 2

HSESGHFZ EU_‘HF B= /i\ International collaboration for sharing
Net Zero Carbon Reduction targets % Al models and standards.

AlfmIE EE iR aIR RIS
Data governance and Al ethics to
ensure trust.

BIIRME - FHEXERIE
Achieve efficiency, resilience, and
sustainability of water governance.
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Let us work together to illuminat
future of water resources with ,
create a new era.of smart wale
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