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" 'Rih-Teng Wu, Ph.D.
e Education

/ Ph.D. (2020) in Lyles School of Civil Engineering, Purdue University
/~ M.S. (2019) in Electrical and Computer Engineering, Purdue University

/" M.S. (2014) in Structural Engineering, National Taiwan University
/" B.S. (2011) in Civil Engineering, National Taiwan University

e Research Interests

/" Avrtificial Intelligence and Computer Vision

/" Structural Prognostic/Health Monitoring

/ Metamaterial Design and Discovery
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Bridge Prognostic Framework

Experiment Simulation

Hysteresis Loop (R315)
Specimen R315
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Bridge Prognostic Framework (Cont.) - ’
Height: 41.88cm Height: 42.66cm Height: 11.87cm | IHe‘ight': 13.75.cm.-
% of Spalling area: 39.30% % of Spalling area: 42.06% % of Spalling area: 9.11% % of Spalling area: 11.32%

DI (Pred): 1.0105 DI (Pred): 0.9678 DI (Pred): 0.6667 DI (Pred): 0.6654
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Bridge Prognostic Framework (Cont.) '

/ Video Demonstration: Continuous 3D Reconstruction

Ground truth

Al prediction




Seismic Wave Propagation

/" Seismic wave attenuation test

* Asingle-force point source will be placed at depth 2.5km.

Output
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Seismic wave attenuation test
(One-sided metamaterials)
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/Seismic Metamaterial in Bridge FoUn'daﬁfQ-h;'

Integration of Seismic Metamaterials and Conventional Bridge St'ru'ct'u‘re's; ot

(1) Shallow foundation

Conventional bridge Seismic metamaterial SM-embedded bridge

Concrete '—\
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Displacement envelopes

Displaccment Favelopes: P Ware Displacement Fasvehopes: S Ware
_ Unit: cm 10 \
" (la = 333.18 cm)

(2) Caisson foundation

Table 1. Material Properties

Material Poisson's ratio Young's modulus (Pa) Density (kg/m3)
- steel 030 2106 7850
Rubber 0.463 137k 1300
Concrete 0.200 30G 2500
Soil 0.300 100M 1800

Sand 0.300 100M 2000




Modal Analy

Eigenfrequency=1.0865 Hz Surface: Displacement magnitude (m) Eigenfrequency=1.2816 Hz Surface: Displacement magnitude (m) Eigenfrequency=2.0088 Hz Surface: Displacement magnitude (m)

Mode 1 Mode 2 Mode 3
longitudinal transverse torsional

1.28 Hz 2.09 Hz




/Al-accelerated Physics Engine

« Training data

Q8 main region | t=0.000 s

r8 Q4 main region | t=0.000 s
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Interior target r8

Interior target r8
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Interior ai reconstruction

/Al-accelerated Physics Engine (Co
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Q8 dimensionless error
interior | target [135, 4] | t=0.8009 s
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Al dimensionless error
interior | target [135, 4] | t=0.8009 s
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Supervised Tile Spalling Segmentation | i, ;’ 5

 The multi-branch design makes model perform well in large and small spalling cases.

image Label MBF-UNet U-Net MA-Net U-Net++ DLV3+
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Segmentation

Metrics
Method AUC(%) AP(%)  FPR(%)
T A N
Synthetic Supervised 80.3 11.9 55.3
Segmentation

RPL 76.3 5.8 61.2

*Qurs 90.2 23.3 38.8
Ours (proposed) 94.7 52.4 29.5/

Model Performance Data Efficiency
Method ,
AUC(%) T  AP(%)T  FPR(%)J Time (hr) Cost (183 NTD/hr).
Supervised learning 98.8 88.8 3.7 200 36600

Proposed 94.7 52.4 29.5 1 183(015%6) . RO A4
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. ; _—— 125; core N'VIDIA Maxwell"™
UAV RObOtIC InspeCtlon _ ARM® Cortex®-A57 MPCore 4core

\NAVAID]VAY
Jetson Nano

AVIX-TECHNOLOGY
Quadcopter UAV

AXM-9009 Quadcopter Unmanned Aerial Vehicle System

Quadcopter Frame Structure

Open-Source Intelligent Flight Control Computer Equipped
with 5 Sets of High-Precision Obstacle Avoidance Sensors

2.4G Remote Controller : :
5.8G Digital Video and Data Integrated Wireless Communication Module N N . N A5
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JE=FHY Al APP

Damage Assessment

Damage Detection | Damage Classif
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Damage Segmentation Cost Estimation
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User Upload
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Sz 2TERN Al APP (Cont.)

Reasoning Prompt Reasoning Results

TER 1 | B—1EEHE ~ HIERIEES] > damage features { “member”:
WER 2 REREER (1R vs BEA) — damage features {”member type”: “column”
PR3 BRERR AT -V IREER - “damage features. reasoning”: "= B SY45 B

PR 4 - SR — e B AGSIEN » 75 A B R
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Z2ES A9 Al APP (Cont.)

Pattern identification (n=308)
terminology - "fTEZEEERE ? BE ? |

Severity judgment (n=276)
grading rules - "X/ EREN ? |

Element behavior (n=268)
element knowledge - " BRRRIZEFTATEE ? |

Repair & cost (n=147)
methods & prices - " FREIFAZDEE ? |

Cause & general (n=296)
causal chains - " BT EZERIERIE ? |

Different Evidence Shapes
Required between each

question types
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/=2mA Al APP (Cont)
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% MarCE Lab.

Metamaterial design and discovery
Artificial intelligence in Civil Engineering
Resource-efficient learning algorithms

Contact: rihntengwu@ntu.edu.tw
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