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Motivation?
'Whe n  w ate r rise s, the  
b o a t  w ill b e  h ig he r.’

--- Chine se  p rove rb    ®The  
imag e  gene rated  by GPT

• Ab out Australian Ne twork of 
Structural Health Monitoring  
(ANSHM)

• Why talking  AI now?
• Promote  
• Share  
• Thrive  toge the r
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MMyy Journeyy off Art ificiall Intelligence

The journey begin with …….The journey begin with …….ej
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If you want to walk fast, walk alone;

If you want to walk far, walk together.

- An African proverb ®The  image  gene rated  by Gemini

The  journe y be gin with …….
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perception AI 

GenAI

Agentic AI 

Physical AI
exampleA journe y of two de cade s…



What’s going on? - Era of Inte llige nce  Explosion

LLM and  LWM

Ag e ntic AI, e .g cod ing  ag e nts: 
O p e nAI Cod ex, 

Anthrop ic Claud e  4

Goog le  De e p mind Alp haEvolve

Growth of Artificial Intelligence
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Growth of Artificial IntelligenceGrowth of Artificial IntelligenceG

LLMs and LWMsLLMs and LWMs

AlphaEvolve  - an autonomous evolutionary coding agent mind Alppp haEvolve

77777777777777777777777777777777777777777777

mindmind



perception AI 

GenAI

Agentic AI 

Physical AI

Growthh off Art ificiall Intelligence
example

O p e rate  autonomously, p roactive ly p ursuing  g oals and  making  
d e cisions without constant human inte rve ntion. 
Unlike  trad itional AI, which typ ically re sp ond s to  p romp ts o r fo llows 
p re d e fine d  instructions, ag e ntic AI can se lf-in it ia te  act io ns, ad ap t 
to  chang ing  e nvironme nts, and  op timize  its p e rformance  ove r time .

Provid e s a found ational 
und e rstand ing  of the  world  b y 
p e rce iving  and  inte rp re ting  d ata.

Enab le s AI to  e nhance  creativity, 
automate  conte nt g e ne ration, 
and  sup p ort d e cision-making .
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LLMs – example with chatGPT

8888888888888

LLMs – example with chatGPT
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From one  to three
Sca ling  Law s

p re -training  scaling

p ost-training  scaling

te st-time  scaling
“reasoning ”

In
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ge

nc
e

Unreasonably Effective AI 
with Demis Hassabis
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LLMs – e xample  with chatGPT
re

as
on

in
g

unsupervised learning

GPT advances AI capabilities by scaling two complementary paradigms: unsupervised 
learning and reasoning

Increasing models’ accuracy and intuition
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o1
(2024)

o3-mini
(2025)

GPT-3.5
(2023)

GPT-4
(2023)

GPT-4.5
(2025)

GPT-2
(2019)

GPT-4o
(2024)

GPT-5

Curre nt  lim ita t io n  o f LLM
- re inforce me nt le arning
- Training  

- b y d ata
- b y exp e rie nce

- und e rstand ing  p hysical world

GPT-5.1



LLMs and LWMs

Larg e  Lang uag e  Mo d e ls (LLMs) La rg e  Wo rld  Mo d e ls (LWM)

- Go o g le  De e p Mind  ( Ge nie  3 )
- d e e p mind .g oog le

- Wo rld  Lab s (Marb le )
- wire d .com

- PhysicsX and  Sie m e ns Co llab o ra t io n  
- ne wsroom.sw.sie mens.com

Go o g le  Ge m in i 3

Slide 25Slide 25
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AlphaEvolve
- an autonomous evolutionary coding agent 

1 2

Re fe re nce :
http s:/ /d e ep mind .g oog le /d iscove r/b log /alp hae volve -a-g e mini-p owe re d -cod ing -ag e nt-for-d e sig ning -ad vance d -alg orithms/

o optimizing data center scheduling at Google
o simplifying hardware circuit designs
o accelerating the training of the LLMs that power 

AlphaEvolve

o discovered new, provably correct algorithms that 
outperform current state-of-the-art methods in 
mathematics and computer science. 

o Made the first improvement over Strassen’s 
algorithm in this domain in 56 years: the discovery of 
a novel procedure for multiplying two 4×4 complex-
valued matrices using only 48 scalar multiplications



More  e xam ple  AI re se arch  a t  UTS
- AI4 C (Artificial Inte llige nce  for Civil Engine e ring) Lab

Re se arch le ad e rs: Dr Yancheng Li, Prof Jianchun Li Harb o ur Brid g e , 
1 9 3 2

Anzac Brid g e , 
1 9 9 5

Thre e  Go rg e s Dam , 
2 0 0 6

Generative AI for crack detectionGenerative AI for crack detectionG

Quantification of thin Crack with AIQuantification of thin Crack with AI

Vision as sensorsVision as sensors

LLM4CD – AI enabled decision makingLLM4CD – AI enabled decision making Development of Agentic AI for Crack Identification pment of Agentic AI for Crack Identification Develop

Ge ne rative  AI fo r 
crack d e te ction

Quantification o f 
thin crack with AI

Vision as se nsors

LLM4CD – AI e nab le d  
d e cision making

De ve lop me nt o f Ag e ntic 
AI



Ge ne ra t ive  AI for crack de te ct ion
Target: Develop a generative diffusion-based approach for robust and diverse crack mask generation

Add noise
processFe
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Image Embedder

Forward Diffusion Process Reverse Diffusion Process

Conditional Encoder

Diffusion Encoder

Diffusion Decoder

Concatenation

More robustness compared with traditional discriminative models



Quant ifica t ion  o f th in  Crack w ith  AI

Overall architecture of proposed crack quantification algorithm.

Integrated framework for high-precision 
and robustness thin crack detection 
and quantification

• Multimodality information fusion

• Capable of identifying cracks as 
narrow as 0.1 mm

• Automated and consistent results

• Robust performance in challenging 
backgrounds

Stand a rd s/ re g u la t io ns, AS 3 7 3 5 / AS5 1 0 0 .5 , re q u ire  to  d e te ct  th in  co ncre te  crack (w id th  fro m  0 .1 -
0 .3 m m ) 



Vision  as  se nsors
O ng oing  re search to  utilise  comp ute r vision to  measure  CMO D (outline d  b y RILEM TC 265-TDK)

Exp e rime ntal se tup

Multimod ality crack d e te ction alg orithm



LLM4 CD – AI e nable d de cis ion  m aking
A large visual language model-driven pipeline for automated concrete defect detection, quantification, 
and repair scheduling. 

Overall architecture of the proposed concrete defect detection2decision workflow.

VLM1

VLM2

VLM3

LLM
Defects

Image Identified  Result

Image
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Efflore scence  vs crack



De ve lopm e nt  of Age nt ic AI for Crack Ide n t ifica t ion  

Ag e ntic AI inte g rating  d e e p  learning  crack d e te ction and  LLM

Client Input
• Text
• Image
• Video
• …

Client Agent ( LLM)
• Instruction understanding
• Multi-modal Reasoning
• Memory Retrieval
• …

Server Agent
• Generate task from input
• Generate multi-step plan
• Select needed tools
• …

Executor
• Execute each step
• Handle results & errors
• Update memory
• …

MCP Tools
• Crack segmentation
• Crack quantification
• RAG
• …

Output
• Final answer
• Visualization results
• Summaries & reports
• …



Re think of Structural He alth Monitoring in the  AI Era
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Resilience, uncertainty-aware decisions, lifecycle managementResilience, uncertainty-aware decisions, lifecycle managemment Pilot projects, capability building, trust metrics, collaborationPilot projects, capability building, trust metrics, collaborationPilot projects, capability building, trust metrics, collaboration



Ad ap ta t io n  via  Le a rn ing

AI use s continual le arning  to  ad ap t ove r time  
to  ag ing , e nvironme nt, and  usag e  chang e s.

An Inte llig e nt Collab orator?
p e rce p tion, reasoning , ad ap tation, human-in-the -loop

Pe rce p tio n  in  AI

AI p e rforms multi-mod al p atte rn re cog nition 
e ve n with no isy and  incomp le te  d ata inp uts.

Re aso ning  and  Infe re nce

AI fuse s mod e ls and  measure me nts to  infe r 
state s and  asse ss risks accurate ly.

Hum an-in-the -Lo o p  In te ract io n

Eng ine e rs se t g oals and  constraints; AI 
p rop ose s so lutions and  exp lains d e cisions.



Shift #1—Reactive  
Proactive  Inte llig e nce
From  fau lt  de te ct ion  to  

pre dict ion  and in te rve n t ion

Pre d ictive  Asse ssm e n t
Id e ntify p re cursors like  tre nd s, d rifts, and  

anomalie s to  p re d ict faults b e fore  
occurre nce .

Risk-Base d  Main te nance
Rank insp e ctions and  mainte nance  

sche d ule s accord ing  to  p re d icte d  risk 
le ve ls for e fficie ncy.

Clo se d  Lo o p  Pro ce ss
Imp le me nt a cycle  of ob se rve , p re d ict, 
inte rve ne , and  re -monitor to  imp rove  

syste m up time

O p e ra tio na l Be ne fits
Proactive  inte llig e nce  re d uce s 

d owntime , surp rise s, and  op timize s 
re source  allocation.

Shift #2 —De te rministic 
Se lf-Evolving  Dig ital Twins

Living  d ig ita l tw ins: 
hyb rid iza t io n , ca lib ra t io n , 

sce na rio  te st ing

Hyb rid iza tio n  fo r Ro b ustne ss
Comb ining  p hysics-informe d  and  d ata-
d rive n me thod s e nab le s re silie nt se lf-

e volving  d ig ital twins.

O n line  Enviro nm e n ta l Ca lib ra tio n
Dynamic calib ration ad justs twins to  
te mp e rature , humid ity, load ing , and  

ag ing  e ffe cts in re al-time .

Sce na rio  Te sting
Simulating  inte rve ntions and  what-if 

analyse s he lp s p re d ict outcome s b e fore  
actual actions are  take n.

Trace ab ility and  Unce rta in ty
Ve rsione d  twin state s track e volution 

with attache d  unce rtaintie s for re liab le  
d e cision making .

Shift #3 —Sup e rvision 
Human–AI Co-Ag e ncy
Sha re d  aw are ne ss and  

d e cisio n-m aking  b e tw e e n  
e ng ine e rs and  AI

Hum an  Ro le  De fin it io n
Eng ine e rs se t ob je ctive s, constraints, 

and  acce p tance  crite ria g uid ing  AI 
actions.

AI Pro p o sa l w ith  Co nfid e nce
AI sug g e sts ranke d  inte rve ntions 

sup p orte d  b y rationale  and  confid e nce  
le ve ls.

In te ractive  De cisio n  To o ls
Inte rface s offe r e xp lanations, confid e nce  

me trics, and  what-if analysis tools for 
clarity.

Go ve rnance  and  Acco un tab ility
Log s and  aud its e nsure  transp are ncy 
and  trace ab ility of AI sug g e stions and  

d e cisions



Re silie nce , 
unce rtainty-aware  
de cisions, life cycle  
manage me nt

De sig ning  for Re silie nce  & 
Unce rtainty

Re silie nce  Princip le s

Incorp orate  re d und ancy, se nsing  d ive rsity, and  fail-safe  d e faults to  
e nhance  syste m re silie nce .

Unce rta in ty-Aw are  De cisio ns

Make  d e cisions to  act, d e fe r, o r insp e ct b ase d  on confid e nce  le ve ls 
and  unce rtainty asse ssme nts.

In te g ra te d  Co ntro l Syste m s

Comb ine  se nsing , analytics, and  contro l fo r e ffe ctive  stab ilization 
and  rap id  re cove ry from failure s.

Life cycle  Manag e m e nt

Manag e  up d ate s, re training , and  mod e l re tire me nt fo r continuous 
syste m imp rove me nt and  re liab ility.



Pilo t pro je cts, 
capability building, 
trust me trics, 
co llaboration
Invitation & Next Ste p s

Pilo t  Pro je cts Se tup

Have  clear ob je ctive s, measurab le  me trics, and  d e fine d  g uard rails 
to  e nsure  succe ss and  safe ty.

Cap ab ility Build ing

Build  cap ab ilitie s b y alig ning  SHM, d ata, and  op e rations teams to  
work co llab orative ly and  e fficie ntly.

Trust  Me trics Im p o rtance

Estab lish trust throug h exp lainab ility, unce rtainty q uantification 
calib ration, and  accurate  outcome  measure me nt.

Co llab o ra t io n  and  Ro le s

Encourag e  co llab oration and  clarify ro le s and  re sp onsib ilitie s in the  
AI e ra to  d rive  innovation re sp onsib ly.



Thank you for 
your atte ntions!
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End of  the Presentation 
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Any Que stion?



http s:/ /b log .g oog le /p rod ucts/g e mini/g emini-3/#learn-anything





Google  Nano Banana 
– Large  World Mode l (e .g. Ge n ie  3 )

Th P G ld C b ildi NZ 2011

Google Nano Banana  – a dish to the recipe and graphic ingredients Google Nano Banana  – a dish to the re– a dish to the reh to the recipe and graphic inci grap gredients 

Re m o ve  o b je cts

Co m b ine  im ag e s

Tim e line  p re d ict io n
Und e rstand ing  a  p ictu re



Google  Nano Banana 
– a dish to  the  re cipe  and graphic ingre die nts 

Crisp y Ho ne y So y 
Garlic Ch icke n
This re cip e  focuse s 
on achie ving  two 
ke y thing s from the  
p hoto : an ultra-
crisp y chicke n 
exte rio r that stays 
crunchy, and  a 
swe e t, savory, and  
aromatic g arlic 
sauce  that coats 
e ve ry p ie ce  
p e rfe ctly. The  
se cre t is d oub le -
frying  the  chicke n


